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Contract,  Cost  Price  for  Ship  Yards. (4)     46 
Contract,   Extension  of  Time  for  Com- 
pletion       (118)   462 

Contractors,    Highway,   Causes  of  Fail- 
ure      (68)   26G 

(I^ontracting.    Honor   System    in (3)       3 

Contracts.     Lump     Sum,     Versus     Cost 

Plus     (92)  440 

Contractor,     Promoted     Resurfacing    of 

Pavements    (85)  359 

Contractor.    Relations    of    Engineer    to 

(81)   299 

Contractor,    Relation   to   Engineer.  (103)  451 

Contractors     .Superintendent (93)  421 

Contracts.    Time   Limit   for (3)       3 

Contracts,  Unit  Cost  Plus  a  Fee...  (68)   266 
Contractors,    Why    Some    Fail   to    Make 

Money    (84)   412 

Consulting  Engineers.  Board  of,  Atlanta 

(24)     82 

Consulting   Engineers.    Should   Title   Be 

Abandoned   (61)  323 

Consulting    Highway    Engineers. ...  (87)  361 
Conveyor.  Portable,  for  Handling  Loose 

Material     (112)  510 

Convict    Laboi-    on    Roads,    Massachu- 
setts     (W4)  378 

Convict     Labor,     County     Road     Work. 

Ohio    (82)  280 

Copper    Salts,    Disinfection    of    Sewage 

from    (104)  402 

Corps  of  Engineers,   Work   of (98)   426 

Corrosion  of  Cast  Iron  Pipe (13)     35 

Cost  Accounting  System   for  Construc- 
tion     (42)  226 

Costs,   Bu'lding.    Estimated (82)  430 

Cost  Keeping.  Compulsory  on  Washing- 
ton Road  Work (66)   264 

Cost    Keeping   Records    for    Road    Con- 
struction     and      Maintenance      in 

Washington     (72)  270 

Cost  Keeping  System  of  Edwin  H.  Vare 

(42)    226 

Cost  Plus  Contracts (24)  150 

Cost  Plus  Contract (96)   444 

Cost  Plus  Contracts (92)   440 

"Cost    Plus"    Contract    on    Cantonment 

Work    -.  (100)  448 

Cost    Plus    Contracts    Forms (111)525 

Cost  Plus  Contract  for  Ship  Yards.  (4)       46 

Cost    Plus    Fee    Contracts (86)  360 

Cost   Plus   Fee  Contract (82)  430 

County    Highway    Department,    Traffic 

Manager   for (42)  Id) 

County  Highwav  Engineers,  Duties  and 

Responsibilities    of (90)  364 

:"ountry  Roads.  Sheet  Asphalt  for..  (75)  273 
."■ounty  Road   System.  Method  of  Main- 
tenance     (119)   463 

Countv   Road  Work,   Portable  Crushing 

Outfit    for (106)  380 

Creosoted  Wood  Blocks  on  Bituminous 

Cushion    (91 )  365 

Creosoted  W^ood  Stave  Pipe (103)  401 

Creoso'ed  Wood  Stave  Pipe  for  Irriga- 
tion     (IS)      40 

Creosoted     Wood     Stave     Pipe,     Effect 

Upon    Water (64)  224 

Crib  Dam.   Fill  by  Dragline   Excavator 

(45)    229 

Cross    Cutting,    Methods    and    Costs,    in 

Amador  County.  Cal (46)   230 

Crossings.  Grade,  Mechanical  Means  for 

Safeguarding    (43)   101 

Cross    Sections   for   Jettv   Construction. 

Method  of (71)  315 

Crushed     Stone.     Loading.     Design     of 

Concrete  Box   for (63)   325 

Crushing    Outfit,    Portable,    for    County 

Boad    Work (106)  3S0 

Crushed   Stone  Producers.  Illinois. .  (38)     96 
Crushed    Stone.    Tractor-Trailer    Outfi* 

for    (52)   236 

Curb.    Increased    Radius    of,    at    Street 

Intersections    (S3)  ?st 

Culverts,   Clogt-ine.    Remedv (87)  361 

Culvert   Construction,   Method   of  Han- 

dlinsr  Excessive  Fall (57)  259 

Culvert      Form.      One-Man      Collapsible 

(108)   382 

Curves     for     Angles     as     Compression 

Members     (28)  154 

Cut-O^'er  Ijand.  Clearing.   Methods  '>'"1 

Cost     (!07)  505 

D 

Dam,    Earth,    Compacted    by    Flooding 

(16)     5S 

Dams.     Concrete.     Waterproofing    w'th 

•        Cement  Gun (16)     78 

Dam,   Made  of  Baskets,   I^aid  in   Stens 

(43)   203 

"Daylighting"    a  Mountain  Road... (45)   183 
Depreciation   in  Value    of   Horses..  (75)  319 
Derrick.     Operation     by     Portable     Ait- 
Hoists    (17)     59 

Design,  Bridge,   Economics  of (49)  251 

Design,     Double     Reinforced     Concrete 

Beam    (67)  329 

Pewatering,  Activated  Sludge (57)  217 

Diagram.    Logarithmic.    Finding    Brake 
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Horsepower    (!•)     31 

District     Meters,     Kftect     of     ItiHtalling" 

(S5)    3S:i 

Ditching  Marsh  UincI (26)   13t) 

Ditching    with    Dynamite (26)  130 

Diversion     Svstcm,     l-leadwater,     L,ittle 

River    Pr:iin;iRc    District (5)     4? 

Double      i:.  iMl'.i-.cct      Concrete      Beam, 

.shnr.ir  M,-tli..il  of  Designing,  .(67)  32;i 
Dragliiu-  i  :ii,i,w:i\  at  Gravel  Plant. (7)  4U 
Drainage,    .Melliuds   lor    Irrigated    Shale 

Land   (10)     3i 

Dragline  Scraper  for  Making  Cuts  and 

Fills  (SO)  40S, 

Drainage  of  .\lkaline  I^ands (107)   40;. 

Drainage,    Dittle    River    District,    Con- 
struction   Methods   for i_'>)     H 

Drainage,    Subsiilence   of    Swamp   Land 

(97)    39.'i 

Drawing.    I'niform (20)  146 

Dredging   Dipper,    1.5   Cu.   Yds (66)  310 

Drills,    Air    Hammer,    for   Large   Diam- 
eter   Holes (79)   407 

fnills.   Air-Hammer,   Most  Efiicient  Bit 

for    (42)  226 

Drill    Bits,    Effect   of   Shape   of   Cutting 

Edge    on (28)   132 

Drill.    Hammer.    Special   Column  Clamp 

for    (71)  315 

Drill    Holes.    Spacing   of  and   Rock   Ex- 
cavation     (39)  143 

Drills.    Increasing   I'se    of   Large (3)     45 

Drill   Steel.    Machine   for   Punching   Out 

Bits   (62)  306 

Drills,  Machine  Sharpeners  for (101)  400 

Drill,   Rock   Drill,    Selt-Contained  C,aso- 

line    (3S)   142 

Driller    of    Mines,     Permissible    Explo- 
sives     131)   135 

Drilling,    Effect    of    Shape    of    Bits    on 

Cutting    Speed (28)132 

Drilling,  Water  Supply  for (34)   138 

Drinking    Fountains,     Cost    of    lee    for 

(17)      .39 

Drinking,    Pollution    of  Water (130)   496 

Drinking  Water.  Pollution  of (130)  496 

Drivers,  Motor  Truck,  Bonus  for... (29)     S7 

Drivers.  Motor  Truck.  Bonus  for (2)       2 

Dump  Cars.    Roller   Bearings  for... (23)  127 
Dynamite,    Breaking  Up   Hardpan.dlS)  516 

Dynamite   Charge,    Splittin.g ..(41)   225 

Dynamite      for      Breaking      Reinforced 

Concrete    Fo.sts (90)43.S 

Dvnamite   for  Clearing   Cut-Over   I/and 

(107)    .505 


fcarth      Dam.      Building      with      Steam 

^  Shovel  and   Hvdraulicking (SO)   40,s 

Earth  Dam  (Compacted  by  Flooding.  (16)     5s 
ICarth      Excavation      by      Hyraulicking 

(102)   500 

Eccentric    Loading    Experiment. ...  (47)   249 
Econemic    Efficiency,    No    Such    Thing 

as  100  Per  Cent (23)     81 

Economics  of  Bridge   Design (49)   251 

Education,    Engineering,    and    National 

Engineering    Societies (62)  324 

Efiicient   Economic,   100  Per  Cent..  (23)     SI 

h;;fficiency.    Relative |3)     65 

Electric    Locomotive,    260-Ton (19)     61 

Electric    Locomotive    in    Mining   Gravel 

(38)    142 

Electric  Shovel,   Roller  Frame  for.  (112)   510 
Electrical  Supplies  and  Equipment.  Cost 

of    (6)   172 

Einbankment    Approach    to    Hell    Gate 

Bridge    (92)   440 

Embankment,     Forcing    Pipe     Through 

(19)      41 

Embankment.   Limits  for  Lifting  Track 

and   Tresding (57)   241 

Embankments.  Water-tight,  Spefiflca- 
tions  nf  Miami  Cf>n.servancy  Dis- 
trict    for (73)  317 

Embankment,    Width    of   Road    Bed    on 

(51)  235 

Emulsified  Asphalt,  New  York  Speci- 
fications      (9)       9 

F.ng'neers    and    Architects (19)   145 

Engineer.  .^ wakening  Recognition  of. . . 

(126)  540 

Engineers  as  (""itv   Managers (15)     77 

Fngineers,   Billv  Sunday  and (25)     S3 

Engineers  as  City   Managers (112)   478 

Engineers,  Civil,  for  Waterworks  Sup- 
erintendents     (3)     25 

Engineers.  Consult'ng,  for  Atlanta   (24)     82 
Engineer,  Countv  Highway,  Duties  and 

Responsibilities    of (90)  364 

Engineer,  Misuse  of  the  Word (SO)  342 

Engineer.     Non-Reading (45)  1S3 

Engineer    of   Today (116)  514 

Engineer.  Position  in  Community ..  (81)  299 

Engineer,  Present  Status  of (116)  514 

Engineer,  Relat'on  to  Contracior. . .  (SI)   299 
Engineer.  Relation  1o  Contractor. .  (103)   451 

Engineers,   Restricting  Title  of (2)     64 

Engineers,    Studv    Plivs'cs d)     63 

Engineer.   What   Does   it   Cost  to   Edu- 

_  cate    an (4)     46 

r^ngineering  College,  Recruit  its  Classe", 

(2)  168 

Engineering  (^oUeces,  Unusual  Adver- 
tising  Campaign (66)   264 

Engineering  Contractors  and  Canton- 
ment    Construction (62)   324 

Engineerini!-    l^dncation.    Natioml    En- 
gineering  Societies   Discredit.  (62)   324 
Engine<^ring    and    Contracting.    Chanee 

of    Ownershi" (45)   183 

Engineering    and    Contracting.    Rotated 


Special   Monthly  Issues (1)       1 

Engineering  and  Contracting,  Adoption 

of  Standard  Size ( 1 )       1 

Engineering  Government  or  Represent- 
ative   Government (2)     64 

Engineering    Periodicals,    Reading    Sys- 
tematically      (ICJ)   520 

Engine«ring      Professors,      Reason      for 

l^w    Salaries   of (23)     81 

ICngineering    Students,    Conscription    of 

(106)  520 

Engineering  Students,   Exemption  from 

Army     Draft (23)  105 

Engineering     Students,      Exempt     from 

Draft     (105)   519 

Equipment  Rental  Charges (114)  528 

Eiiuipmeiit.    Rental    Rates (100)448 

Erie    Canal,    Barges   tor (Ill)   477 

Excavation    Disposal,    Movable    Inchne 

for    (7)     49 

Excavation,   Foundation,   with  Dragline 

Skip     (17)     59 

Excavation     Rock,     Catskill     Aqueduct 

Tunnels    (21)   125 

Excavator,  Self  Loading (39)  143 

Excavation,     Steam  '  Shovel     Operation 

,  bv    Railway (52)236 

Expansion    Joints,    Method    of    Instal- 
ling     (32)     90 

Expansion,    Concrete    Pavements.  ..  (32)     90 

Expansion  of  Concrete  Roads (101)  375 

Explosives,     Permissible,     Classification 

of    (31)   135 

Explosives,  Production  in  1916 (42)   226 

E.xplosives,    Splitting  Dynamid-    ClmrHi' 

111!   225 

Explosives,    V.    S.    License    Aiiiilicd    Iit 

(SI)   412 

Extra  W.iik  mi.l  riichissill,.,!  W  ^rli  (61)  323 
Extra  y\-,'-\i  (liiii-.-:,  .■M.iiiM.ni^  on  (S3)  411 
Extra  W.iil,   '■l.nisr  Ml    SjM.iin   ,1  ions  of 

Mi;inil    ( -.uiSfl  \.ill.\     I  li.  trirl  .  .(59)    303 

Extra    Work    (^lause.    Tnusually    Com- 
plete     (63)  325 

Extra  Work  by  Force  Account (65)   283 


Face  Brick.   Buying  and  Handling. .( S)     70 

Face    Brrck.    Handling (S)     70 

Falsework,  Use  of  Bolts  on (101)   499 

Federal     Aid     Roads,     Standard     Plans 

for    (15)     15 

Feeding  Construction   Forces (85)  413 

Ferro   Concrete    Construction    Co.,    Cost 

Plus   Conti.ot    Koiins (Ill)  525 

Fill.  Allowance  fn.    sliiinUage  in (57)  241 

Fills.  Versus,  \-ia.lu.i.s,   h,i    City  Streets 

(73)  335 

Filter      Plant.      St.      Louis,      Operating 

Method     (28)  110 

Filter    Beds,    Method    and    Cost    of    Re- 
building at  Cincinnati (66)  2S4 

Filter  Plants,   Chain  of  Rocks,   Cost  of 

Chemicals     (37)   119 

Filter     Plants,     Operation     at     Bangor, 

Me (17)     39 

Filter    Plants.    Erie,    Pa..    Operation    of 

(17)     39 

Filter    Plant,    Operating    Results,    Har- 

risburg     (55)  215 

Filter    Plants,    Small,    Laboratories    for 

(60)  220 

Filtered       Water,       Cost       Preliminary 

TreatiiK-nt.    Washington (63)  223 

Filtration.   CM.-ii.   Cincinnati (68)  286 

Filtratinii    Plant,   Cincinnati,    Method   of 

Analysis     (78)   296 

Filtration   Plant.   Laboratory  Control  of 

(68)   286 

Filtration      Plant,      Operating     Results, 

Providence   (68)  286 

Kiltration,    Water,    Recent    Progress    in 

(61)   221 

Fine  Aggregates,  Method  for  Determin- 
ing Apparent  Specific  (Gravity  (62)  200 
Finishing   (I^oncrete    Pavement,    Jointetl 

Plank     Float (63)   201 

Finish  Drag  for  Shaping  Sub  Grade.... 

(100)  374 

Fini.shlng        Concrete       Roads,       Roller 

Method     (69)   267 

Finishing.   Roller  Method (100)  374 

Fireproof      Building      Construction      by 

Cement   Gun   Process (121)  535 

Fire   Resistance   Properties   in   Concrete 

■ (66)  32S 

Fire  Protection  Svstem,  High  Pressure, 

Toledo    (82)  300 

Fixed  Charges  on  Idle  Plant (110)  476 

Flat  S'de  Slopes,   Comparative  Cost  of. 

Road    Guard   Rail (53)   191 

Float,    Split,    for    Concrete    Road    Work 

(lOS)  382 

Float,  Jointed  Plank  for  Finishing  Con- 
crete    Pavement (63)  201 

Florida,  Aeration  of  Sulphur  Water.  (9)     31 
Flooding,    for    Earth    Dam    Compaction 

(16)     58 

Flood  Prevention  Work.  Dayton (45)  229 

Flood  Prevention  Work  in  Miami  Con- 
servancy   District (Ill)   509 

Floors.     Bride^es.     Bituminous     Carpets 

On    (42)   244 

Floor.     ReinfMV,  .  ,1     i  ■.  ,n.irte.     Test     of 

Constni.  1  ..n        (84)  432 

Flume.    Flow   ('..i.^ -    in (62)   222 

Force   iccount  J..1,.  Actual  Cost  on.  (65)  283 

For  Filling  Crib  Dam (45)  229 

Fort     Sheridan     Cantonment,     Building 

Record    at    (36)162 

Foundation    Excavation    with    Dragiin*^ 

Skip     (17)     59 


Foundation   Problems (82)  410 

Foundation,   Road,   Soil  Texture (12)     12 

Fountains,  Drinking,  Cost  of  Ice  for.... 

(17)     39 

France,    Opportunities    for    Contractors 

.  and    Engineers (80)   408 

France,  Road  Construction  and  Main- 
tenance   in ( S6)  360 

Freight  Rate  (_^ase,  l^ivision  of  Inter- 
state Commerce   Commission. .  (3)     45 

Frozen    Earth.    Boring    Blast    Holes    in 

(103)  501 

Frozen    Ground.    Thawing    with    Steam 

(24)   106 

Frozen     Earth,     Thawing    with     Steam 

(SO)  408 

I'^iel  Value  of  Wood .(95)  423 

Full  Crew  Laws.   Economic  Inequity  of 

(22)  126 


Gravel,  Handled  bv  Portable  Con- 
veyor     (112)  510 

Gravel  Roads,  Road  Drag  for (91)  365 

Gravel    Plant,    Dayton   Gravel   &    Sand 

Co (7)     49 

Gravel  Plant.  Dragline  Cableway  Op- 
eration    at (7)     49 

Gravel  Plant,  Logan  County,  III (28)     86 

Gravel  Plants,  Pit.  Illinois (38)     96 

Gravel    Plant,    Portable.    Kane    County. 

Ill (55)  193 

Gravel    Roads    Damaged    by    Cleats    on 

Tractors    (76)  274 

Gravel   Roa.i    .Maim,  nance (26)     84 

(travel      Koa.l      .ilaintiiiance.      Calcium 

Chloinlc     i.ii    (107)  381 

Gravel    Road     .Mai  iitinance.    Smoothing 

Board    for (107)  3S1 

Gravel   Roads,   Mixing  Gravel  and  Clay 

in  a  Concrete  Mixer  for (85)  359 

Gravel,   Stacking  with  Chutes (79)  407 

Gravel,  Value  of  Screening  and  Remix- 
ing. Pit  Run (96)  370 

Gravity    Conveyors.    Cost    of    Unloading 

Building   Material   with (54)   256 

Gravity  Rollers  for  Conveying  Building 

Material     .  .  .-. (27)   153 

Guard    Rail.    Comparative   Cost   of.    and 

Flat   Side  Slopes (53)  191 

Guy  Anchorage,  Rope  Saving (98)   446 

Garbage  Disposal.  Methods (51)  211 

Garbage.   Effect  of  War  on   Production 

(117)   483 

Garbage  Disposal.  Effect  of  War  on 

(117)  483 

Gardens,     City d)     23 

Gas    Filled    Lamps (106)  520 

Gas  Main,  Submerged,  Method  of  Lay- 
ing      (34)   115 

Gasoline  Rock  Drill (38)   142 

(~overnment    W'ork,     Appropriation    for 

(101)   499 

Government    Contracts.     Surety    Bonds 

under    (8)     5il 

Government  Work  Is  Subcontracted 

(102)  500 

Grade  Crossines,  Mechanical  Means  for 

Safeguarding     (43)  101 

Grade     Separation     Problem.     Handling 

(50)  2.34 

Grading  Sidehill  Roads (46)   184 

H 

Hammer    Drills.    Mounting    on    Tripods 

(104)  502 

Hammer    Drill,    Special    Column    Clamp 

for    (71)  315 

Hand   Trimming  on    Subgrades (111)  455 

Hard  Pan,  Breaking  up  with  Dynamite 

(118)  516 

Haulage,     Methods    on    National    Road 

Improvement  in  Ohio (7)       7 

Hav  and  Tar  Mats  for  Sand  Roads... 
•      (SS)  362 

Headworics    for    Irrigating    Canals.    De- 

.sign     of (41)   12.-{ 

Heat  Radiat'on  and  Conduction   Losses 

in    Buildings d)     "3 

Hell  Gate  Bridge,   Cost  of (95)   443 

Hell  Gate  Bridge.  Embankment  Ap- 
proach   ...: (92)  440 

Hoisting  Rope.  Performance  of (9i)  42n 

Hor.ses,    Depreciation    of (75)  319 

Horse     Power,     Logarithmic     Diagram 

For '9)     31 

Horses.     Street     Department.     Care     of 

(84)  282 

Horses.    Treatment    for    Summer    Sores 

on     '30)   1S4 

Horses     Value   of (75)  319 

Hose.    Air    Lines,    Specifications   for     .  . 

(119)  51T 

Hooks.  Importance  of.  at  Ends  of  Rein- 
forcing Bars (S3)   431 

Houses.  Concrete,  Standardized  D 


._ (71)   333 

Housing  Construction   Force' (85)  413 

Housing,    Goodyear   Cotton    Mills.    Im- . . 

°\ (86)   434 

Housing  Leffi='a«'cn.   New (56)   258 

Housing.    Youngstown    Sheet    &-     Tn'^e 

Co (86)   434 

Highway  Bonds.   'R'allacy  in  Estimaf'ig 

Economv    of (65)   263" 

Highw'>v   "Rrki"e«    Bituminous   Mixtife 

for  Wood  Floo- (26)     84 

Highwav    Br'''ges.    Bituminous    Wea-- 

ing  Surfaces  for (45)  24T 

Highwav    Construction,    Report    Forms 

for    Insnect  ors (37)     9» 

Highwav    Contractors.    Causes   of    Fail- 
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ure     "^^>  2bD 

Highway  Engineers,   Consulting.  ...  (S7)  361 

Highway  Control,  Centralizalion  of 

/ (118)   462 

Highway"  Engineers      County,      duties 

and    Responsibilities   of (90)  364 

Highway  Markers  on  Bridges  and  Cul- 

verts    OT)   2j^'* 

Highways.  Massachusetts.  1916 (98)  3i2 

Highways.   New   York.   Patrol  Work  on 

Highways.  Seiection  of  Type (97)  371 

Highways.     Spring    Breakups    of    New 

York     State (2  0     Sa 

Highway  Curves.  Widening  and  Super- 

Elevation  of  Pavements  on...  (IS)     la 
High  Pre.ssure  Fire  Protection  System, 

Toledo    (82)   30!) 

Hillside   Slips.   Handling. ...........  (12)     1- 

Humid  States.  Need  of  Irrigation  in  (3)     2o 
Hurlev-Mason   Co.,   Cost   Plus  Contract 

•Form    of (Ill)  o2.) 

Hydrostatic   Tests   of  36-in.    Submanne 

Pipe  Line (132)   49!, 

Hvdrometric   Survey.   Manitoba,   Meter- 

ing  Accessories  of (19)     41 

Hydraulicking,    Cost   of (102)  oOO 

I 

Incineration,  Garbage   Disposal (51)  211 

Incline.       Traveling.       for       Depositing 

Waste    Earth ••(■)     « 

Idle  Plant.  Fixed  Charges  on (llfl)   4it> 

Illinois  $60.000-,000  Itoad  Bond  Issue..  (2)       2 
lllinoi.s    Highways,    Preferred    Type    of 

nridges (.jo)  2:.  r 

Imperial    Valley    Irrigation    District    for 

Intake    Gates <2()   l;.l 

Indirect      Lighting      System,      Loss      of 

Illuminating    Efficiency ......  (lOO   |)21 

Industrial    Property,    Appraisal   of..(li)  343 
Industrial    Railway,    for    Hauling    Road 

Material     «124)  46S 

Industrial  Villages,  Construction  of  (So)   434 
Industrial  Villages,  Construction  ot....    _^^ 

Industrial  Villages  and   Structural   En- 

gineers     (105)  ol9 

Inspectors,    Report   Forms   for (37)     9:> 

In.sulators     for     Steel     Radio     Towers, 

Method   of   Setting (-iS)  239 

Intake    Gates,    Imperial    Valley    Irriga- 

tion    District •(20  131 

Intercepting   Sew^r.    North    Shore,    Chi- 

cagn.    Construction   Methods. .  (12)     :)4 

Interstate  Commerce  Commission,  De- 
cision   of   Freight    Rate   Case..  (3)     4.> 

International  Alliance  of  Engineers  and 

Contractors    <S2)  410 

Investigation,   Illinois   for   Bridge  \^  ork 

Irriiratiori,   (jreosoted   Wood   Stave  Pipe 

for    ■■■'IS)     I'l 

Irrigation.  Deep  Well,  Pumpin?  Instal- 
lation   in <3S)  lis 

Irrigation     District.     Earth     Dam    Con- 

.struction    <  16)     •I'j 

Irrigation,  Earth  Reservoirs  for (2)     24 

Irrigation,  Economical  Use  of  Water  m 

Irrigation,'  Effect   Vegetables    Yield    on 

{ 43 )   203 

Irrigation   Engineers,    Opportunities  for 

(109)   4  m 

Irrigation,   Need  of,   in   Humid   States.. 

(3)     2.. 

Irrigation,       Overhead.       at       Seabrook 

Farms    (30)  112 

Irrigated  Shale  Land.  Methods  for..  (10)  32 
Irrigation    Structures.    Calculations    for 

Design   of (41)  123 

Irrigation.   Supply  for  City  Waterworks 

Irrigation     Surveys     with     Automobiles 

(IS)     37 

Irrigation  for  Truck  Gardens (1)     2" 


Laboratorv     Control,     Filtration     I'lant, 

Toledo     (.(JS^)    286 

J^^boratory      Procedure      in      American 

Waterworks    (119)   48o 

Laboratories,    Small,    for   Water  Works 


.(60)  22 

..(25)  10 

.0(16)  .",2 

..(70)  26 


Jetty 


Jetting  Apparatus,   1.000  Gals.  Capacity 

. (112) 

Construction.    Method    of   Taking 

Cros?   Sectinn«: (71)  31 

Jetties,  Repair.  MiUvnukee  District. (31)  ir, 
Joints.  Cement,  for  Water  Mains.. (129)  49 

.loints.   Nail,   Strength   of (KS)  32 

.lo'n's,   Oxvacetvlene   We'd'rg (12S)   a4 

Joints,     Pipe,    Leadite,    Winsor,    Con 


10 


Laboratory.  Traveling  Field  .  . . 

Lamps,  Gas  Filled 

Lamps,    Types   for  Park   Light 

Lanci     Clearing,     Method     of     oLiriims 

Stumps    in (114)  512 

Land,  .Shale,  Drainage  Method  for.. (10)     32 
Lawn  Sprinkling.  Water  Rates,   Toledo 

: (68)  2S6 

Leyner  siiank  and  Bit  Punch (62)  306 

Lead,  Removing,  from  Pipe  Joints  (112)  478 

Leadite  Joints,  Windsor,  Conn (72)  290 

Leakage  in  Masonry  Walls,  Stopped  by 

Cinders    (32)   13G 

Lighting  Parks,   Lamps  for (70)  268 

Lime     Mortar.     Using    Concrete     Mixer 

(107  521 

Liquid  Chlorine  and  Typhoid (2)     24 

Little  River  Drainage  District,  Con- 
struction  Methods  for (5)     47 

Loading.   Eccentric,  Experiment  in. (47)  249 
Lock   Chambers.    Barge    Canal.    Size   of 

(69)  313 

Locomotive,   Electric,  260  Ton (19)     61 

Logan  County,   111.,  Gravel  Plant...  (26)     86 
Logarithmic    Diagram,    Finding    Brake 

Horse    Power (9)     31 

Logic   for   Engineers (4)       4 

Louer.  Lewis  S.,  Becomes  One  of  the 
Owners  of  Engineering  &  Con- 
tracting      (45)  183 

Lumber,  Decreasing   Use  of (61)  323 

Lumber,    I'roduction    and    Consumption 

of     (67)  329 

Lump  Sum  Contracts (92)   44u 

M 
.Macadam,      Bituminous.      Maintenance 

Cost     <9*)  368 

Macadam,  Bituminous  Surfaces  for.  (58)  193 
.Macadam,    Rebuilding    with    Road    Ma- 

chinery  and   Scarifier (144)  lU;! 

Macadam,  Renewing  Surface  of...  (10.))  379 
Macadam    Rock,    Toughness    Test    For 

(40)     9S 

Macadam,  Bituminous  Treatment  of,  at 

Philadelphia     (H)     H 

Magnetic  Analysis,  Application  to  Study         , 

of  Steel  Products (38)  164 

Maintenance,    Comparative  Cost  of,   tor 

Concrete  and  Tarred  Concrete 

(23)     81 

.Maintenance    of    County    Road    System 

(119)  463 

.Maintenance 'cost   of   Bituminous   Con- 

Crete    (94)  368 

Maintenance  Cost  of  Bituminous  Maca- 

dam     194)  368 

.Maintenance,     Gravel     Road,     Calcium 

Chloride    for ■  ■ . .  (107)  381 

Maintenance,     (Jravel     Road,     .McHenry 

Countv,    Illinois (26)     84 

.Maintenance,  Roads,  in  France (86)  360 

.Managers,    City ,^-    ui ' ' '  ^^"i 

.Management.  Waterworks,  Problem.s  of 

Mangatiese    Ore,  "Mining,    with    Cable- 

way    Excavator (IS)     W 

ilanganese.   Removal  from  Water  Sup- 

Diies      f.i'j'J/  ovo 

Manitoba    Hydiometric    Survey,    Meter- 

ing  .Accessories  oi (19)     41 

.Markers   on    Bridges   and    Culverts,    for 

Designated    Highways (77)  27o 

ilartin  Road  Grader .■■(**>  1"'' 

Massachusetts     Highway     Commissio... 

Work  of,  in  1916 (98)  3^2 

Ma.sonr     Arch-  Roof  for  Barns (14)      ib 

Masonry    Walls,    Leakage    Stopped    by 

Cinders <32)  13b 

.Masoniy,     Old    Stone,    Protecting    with 

Cement   Gun •. (^4)  43^ 

.McKinley  Park  Building,  Chicago. .  (46)  248 
Mechanical   Filters,    History   -' 
Metal      I.ath,      Combining 


Military    Road    Construction    in    France 

.' (32)     90 

.Vlining      wilih      Manganese      Ore      with 

Cableway     Excavator (IS)     bU 

Minnesota   Regulation  for  Sanitary  Im- 
provements     (93)  391 

Missouri  State  Highway  Dept,  Instruc- 

tions  to   survey (12.t)   4bJ 

Monolithic  Brick   Roads,  Cost  of...'.  (1)       1 

.Monolithic    Brick   Slabs (HI)  4dj 

Mortars,     Economical     Proportions     for 

(57)  19o 

Motor   Cars,   Number  in  United   States. 

1916    (33)     91 

Motor  Tractors  for  Street  Cleaning. (2a)  83 
Motor  Trucks,  All  Year  Cab  For...  (22)     22 

Motor  Trucks,  Bonus  for  Drivers (2)       2 

Motor  Truck  Drivers.  Bonus  for...  (29)  86 
Motor  Trucks.  Operated  with  Coal  Gas 

(22)   126 

Motor  Trucks  on  Telephone  Line  Con- 
struction      CJS)   307 

Motor  Trucks.  Package  Fi-eight.  .  .  ( 112)  4a6 
Motor  Truck.  Short  Haul  Freight .  (110)  454 
Motor  Snow  Plows.  New  York  City.. (8)       8 

Motor  Trucks.  Street  Sprinkling (.j4)   192 

Motor    Trucks,     Street    Cleaning.    New 

York  City   (17)     17 

Motors.  Synchronous,  for  Water  Pumps 

.,..• (108)   406 

Motor    Trucks,    Timber    Trackways    for 

(81)  409 

Motor      Trucks.      Transporting      Gravel 

Plants     <55)   193 

Motor  Trucks,   Transporting  Pile  Driv- 
ing  Outfit   with (119)  517 

Motor    Trucks    with    Built    Up    F^ame 

Mouthpieces,     Effect     of,     on     Flow     of 

Water     (83)  301 

Mountain    Road    "Daylighting" (45)  183 

Muck  Land.  Subsidence  After  Drainage 


Municipal    Accounting. 


..(97)  39.-. 
.(87)  385 


.(73)  291 


K 

Kansas,  State  Highway   L»w (114) 

Kansa"!  Specifications  for  Roller  Finish- 


of (79)  29' 

with     Con- 

(16)  78 

Efficiency     of     Basic  ^ 

Metering  "Accessories    for   HydrometHc 

Survey    Al'l'" 

Metering  Board  for  Boat  Station 
Meters,     District.    Effect    -'    '"" 


Nail    Joints.    Strength    of,    in    Douglas 

Fir  and  Western  Hemlock (6o)  32i 

National  Army  Cantonments,  Locations 

of    ". 140)   144 

National  .A.rmv  Cantonment,  Construc- 
tion and  Structural  Features  ot 
(4)      66 

National   Army   Cantonments,   Contrac- 

tors   for (20)     42 

National      Engineering      Societies      and 

Engineering    Education (62)  324 

New  Jersey  State  Department  ol 
Health,  Traveling  Field  Labora- 
torv     of (2o)   107 

North    Shore    Intercepting   Sewer,    Con- 

struction    Methods (12)     ai 


Office  Building,  Pipe  in . -''   i    * 

Ohio    Good    Roads    Federation,    Resolu- 

tion    of •/■*12*'  *'- 

Ohio  State  Highway  Department,  Con- 
crete Pavement  Specifications.... 

Ohio  Practice   in   Widening  and   Super- 
Elevating  Pavement  Curves..  (18)     IS 
Oil  Drippings,  Protecting  Asphalt  from  ^^^ 

Oiled  Earth'Roatls  in  Iowa. ......  ..(20)     20 

Oregon   Pavements,  Comparative  Costs  ^^^ 

Oregon,  Road  Bond  Issue ... . . .  •  ■  (2)       2 

Overbreakage,   Catskill  Aqueduct  Tun- 

nels         '-1'       ■' 

Overburden    Stripping   with    Bottomless 

Bucket     ^■■r-^'^'^' 

Overhead  Irrigation  at  Seabrook  Farms  ^^^ 

Oxy-AcVtylene'fcirWeiciing  Pipe  joints  ^^^ 

Oxy-A'cet'yl'ene   Welded   joints    in    Steel 
'      Plates,    Tests    of (128)  542 


Metal      Primers, 

Pigments    . 

Metal  Surfaces, 


Package  Freight.   Motor  Trucks  for^^-    ^_^ 

Packing-'  'House  '•^Vast'es. ''Treatment   by 

Activated    Sludge    Process (8S)  386 

Paints.  Prepared  for  Metal  Surfaces. 


.(19)     41 
.(19)     41 
Installing 

185)  3S3 

...c..-.  'Maintenanc^e.'  (i-ost.   Chicago.  (68)   286 
Meter   Housings.    Standardized   Top   for 


Mete 


Piles.      Pulling 

.Tacks    

Drying    Wood, 
Forest    Service. 


(100)  374 
Hydraulic 
(lOS)  522 


ifil   17 


.(20) 


L.nl'or,   Common.  Trend  nf  Wage' 
I^ibor-     HiE-h     P'-^ced,     M-ke«     Use     of 

Machines   More   Profitable (2?1   12« 

Labor.    Hieh   ^Vages (D  1"^ 

Tabor  7.egis!ation.   1916 • (10)  176 

Labor   Price  Changes  During  Past  Year 

Laborer.    Nomati'c    Retaining (4)     46 

Labor    Saving    Equipment     on     lUmo-s 

Central     (^9^  -^13 

laborers.    Track,    Obtain'ng (77)  321 

Laboratories,   American  Waterworks... 

(119)   485 


Miar 


(76)  33S 
Painting'woiden   Structures,   Ohio  Re- 

quirements     : >b4)  zu- 

Park    Building,     Chicago,     Design    and 

Construction    Features (46)  248 

Park  Lighting,  Type  of  Lamps .  (lO)  ibs 

Patching,   Ohio   Method  for  Bitummrjus 

Pavements     ;    "'„;     ^^ 

Patrol  System  on  New  York  Roads.  (11)     li 

Patrol  System.  New  York .11)     11 

Paved   Crossings  on  Roads (118)  ib-i 

(120)  464    Pavement.  Asphalt,  on  Fifth  Ave.,  New 
donservancy'Disii;ict,^idsM81)  409     ,,^^^,^3^^; '^..^.ai '  vs! 'Porijg     ' 

Cement    for i;  ' 'J.'^^J  ^^^ 

Pavement   Bases,    Natural  vs.   Portland 

Cement    for x"'"?'  ^"^ 

Pavement,     Brick     on     3-in.     Concrete 


Meters,    Use  of,   in  Metropohtan  ^^  ate 

District    V  ■•„■••.•■••' ^'   " 

Mexico,  Road  Work,  by  U.  S.  Army 


Mi; 


11      Conservancy      Distri 
Work    Clause    and    Sp< 


;,      Extra 
ifications 

(59)  30: 

Miami' Flood  Protection  Work  Done  by  _ 

Day    Labor .■■•■■  ■i,l'*3)    " 

Miami      Conservancy      District 

Prevention    Work 

Miami   Conservancy^  District 


01 


Flood 

..(111)   509 
,   ^ ..^ .   Specifica- 
tions of,  for  Watertight  Embank- 

ments    :■.•  ■  V//       ' 

Military      Koad     Construction 
(jretna    


Base      "23)  467 

Pavement.  Concrete,  Cost  ot. . . . . .  (129)  473 

Pavements.   Concrete.   Curing  by  Coat- 

ine   with    Asphalt '44)  102 

Pavements.    Creosoted    Wood   Block    oil 

Bituminous    Cushion (.911   3i> . 

Pavement       Curves.       Ohio       Practice. 

WideninE-  and  Super-Elevation  '■' 


.(34) 


(IS)      IS 


ENGlNEERIiXG    AND    CONTRACTING 


Pavement,   Factors  Governing'  Selection 

of    (107)  :isi 

Pavements,    Life    and    Repair    Cost    of 

(24)     S2 

Pavement  Ordinances.   Revision  of.  (.'(6)   184 
Pavements,  Oregon,  Comparative  Costs 

(94)  36S 

Pavements,    Resurfacing.    Promoted   by 

Contractor    (85)  359 

Paving     Blocl<s,     Asphalt,     Method     of 

Unloading     (14)     14 

Paving    Brick,     Handling,     in     I'ackets 

and    Cages (24)     82 

Paving  Bricks,  Record  for  Laying. (124)  468 
Paving,    Street   Railway   Tracks,    Wood 

Block    (48)   18i; 

Feat  Lands.  Subsidence  After  Drainage 

(97)  y.i:. 

Piers,    Timber,    Methods    of   Construct- 
ing  Concrete   Superstructures  for 

(31)   157 

Permissible    Explosives,    Classifications 

of    (31)   135 

Physics,   Study   of  by   Engineers. ..  .(1)     63 
Piles,       Combined      Pressure      Vertical 

Loads  and  I^ateral  Forces. ...  (21)  147 
Piles,  concrete.  Casting  in  Tiers..  (lOS)  522 
I'ile    Driving    Outfit,     Transporting    bv 

Motor     Trucks (119)  517 

Files,     Key,     Pulling     with     Hydraulic 

Jacks    (lOS)  522 

Piles,    Reinforced    Concrete.    Cutting   of 

(Ill)  525 

Piling,    Steel   Sheet,   Handling  for  Cof- 
ferdam      (48)  232 

Pig    Iron,    Market    Prices   of,    1900-1917 

(8)  174 

Pigments,  Basic,  Efficiency  of  as  Metal 

Primer.s     (11)     73 

Pine    Mountain    Tunnels.    Methods    and 

Cost    of (33)   137 

Pioneer   Tunnel    Method,    Economics   of 

(76)  320 

Pipe,  Cast  Iron,  Deterioration  of  Carry- 
ing Capacity (13)     35 

Pipe.  Cast  Iron,  Prices  During  Past  50 

Years (4)  170 

Pipe,  Creosoted  Wood,  Effect  on  Water 

(64)  224 

Pipe,  Creosoted  Wood  Stave (103)  401 

Pipe  Joints,  Calking  with  Air  Hammers 

(65)  283 

Pipe  Joint.   Leadite (72)  290 

Pipe  Joints,  Removing  Lead  from. (112)  478 
Pipe  Joints,  Welding  bv  Oxy-Acetvlene 

(86)  384 

Pipe  Laying,  Cost,  Pasadena (121)  487 

Pipe,  Prices  for (19)  345 

Pipe    Pusher (42)  124 

Pipe,   Unloading  from  Gondola  Cars  bv 

Motor     Trucks (27)  100 

Pipe,    Universal,    for    Submerged    Line 

(14)     3S 

Pipe      Line,      Submarine,      Hydrostatic 

Tests    of . : (132)  498 

Pipe      Line.      Submerged,      Minneapolis 

(70)   288 

Pipe  Lme,   Submerged,   Puerto   Barrios, 

Gautemala    (14)     36 

Plate  Girder  Viaduct,  Comparative  De- 
sign    of ( 9S)   44(! 

Platting  Rules,  Toledo,  Ohio (52)  190 

Plows   .ind    Scrapers  for   Digging   Shal- 
low   Trenches (60)  304 

•plumbing  Inspection,  Cost,   Chicago.... 

(55)  215 

Pollution  of  Drinking  Water.   Manufac- 
turing  Establishments (130)  49(1 

Portable  Belt  Unloader (5fi)  240 

Portable  Conveyor   for  Handling  "Loose 

Material     (112)  510 

Posts.     Reinforced    Concrete,    Breaking 

Up   with    Dynamite (90)  438 

I'ortable    Wooden     Building,     for    Con- 
struction   Crew (99)   4''7 

Prepared  P.iints  for  Metal  Surfaces 

„  (7fi)  338 

Prices,  Bidding  on  Public  Work (25)  351 

Primers,  Metal.  Basic  Pigments  as.  (11)     73 
Prison  Labor  on  County  Road  Work  in 

Ohio     (82)280 

Professors,    Engineering,    Low    Salaries 

„         of    (23)     81 

Property,     Non-Asse.ssable    and     Street 

Improvements     (70)  26S 

Public  Speaking  for  Civil  Engineers 

„   ,       (19)   145 

Public  T-tilitio.'!,    Valuation (69)   287 

Public  Works,  Bidding  Prices  on...  (11)  177 

Public  Work,  Bidding-  Price"  on (25)  351 

Public  Works,  Facilitating  Finances  of 

„ • (86)  381 

Pumping    Plant,     Earth    Reservoirs    as 

Adjuncts   (2)     24 

Pumping    PIpnt    Rlec»rically    Operated. 

Fort  Atkinson.  Wis (74)  292 

Pumping   Plant.    Electrically    Operated, 

Jolift     (54)  214 

Pumping  Installation  for  Irrigation 

(36)  US 

Pumps,  Synchronous  Motors  for...  (108)   406 
Purchasing   Bureaus,    Co-operative,    for 

Small    Cities '. (17)   343 

Purification  of  Tannery  Wastes (38)   120 

Push-Carts,   Proper  ITse  of (20)   146 

Q 
Quarry  Regiment,  Recruits  Wanted ... . 

(S3)   431 

Quarrying,  Cost  of  Blasting (62)   306 


Quebec      liridge.      Placing      Suspended 

Span    : (57)   251) 

Quicksand,   Blasting  Channel  in....  (89)   417 

R 

Rail     Inclination (8)     70 

Rail  Loading  Device (56)  240 

Railroad    Ballast    Digging   and   Loading 

Plant     (32)  136 

Railroads,  Construction  at  Camp  Upton 

Cantonment     (61)  305 

R.ailway,  Alaskan,  Progress  on (19)     61 

Railwa.vs,  Appraisals  and  Rate  Cases.. 

(1)     43 

Railway    Cuts    with    Dragline    Scraper 

•. (SO)   408 

Railway     Maintenance,     Labor     Saving 

Machinery     on (SI)   409 

Railway  Practice  in   Steam  Shovel  Op- 
eration      (52)   236 

Railway   Rate  Case (1)     43 

Rate  Case,  Decision  of  Interstate  Com- 
merce Commission,   in (3)     45 

Rate    Case,    Railway (1)     43 

Recognition  of  the  Engineer (126)  540 

Reforestation,  Methods  and  Cost...  (90)   418 

Reinforced  Concrete  Base,  Brick  Pave- 
ment      (123)  467 

Reinforced    Concrete    Piles,    Cutting   of 

(Ill)  525 

Reinforced     Concrete     Posts,     Breaking 

with    Dynamite (90)  43S 

Reinforced    Concrete    Building,    Method 

of   Wrecking (90)   438 

Reinforced  Concrete  Motor  Boat... (96)   444 

Reinforced    Concrete    Shipbuilding.  (118)  532 

Reinforced    Concrete    Building,    Test    of 

Construction    (S4)  432 

Reinforcing  Bars,  High  Carbon  vs.  Mild 

Steel    (lOS)  522 

Reinforcing  Bars,  Price  Changes. ..  (18)   344 

Reinforcing  Bars,  Importance  of  Hooks 

on     (83)  431 

Renewing  Surface  of  Old  Macadam .... 

(105)   379 

Rental  Rates  for  Equipment (100)  448 

Repaving     Costs,     Cleveland     Plan     for 

Assessing    (83)  281 

Repointing     Sea     Wall     with      Cement 

Wall    (35)  139 

Report  Forms  for  Inspectors (37)     95 

Representative  Government,  Defects  of 

(2)     64 

Reservoir,  Cabbage  Tree  Creek (56)  216 

Reservoir,  Destroying  Algae  in (43)  203 

Reser\'oirs,   Earth,  for  Pumping  Plants 

for    Irrigation (2)     24 

Reservoirs   for   Pumping  Plants   for   Ir- 
rigation     (2)     24 

Reservoir's  Roof,  Failure  of (128)   494 

Restirfacing  Asphalt  Blocks  with   Sheet 

Asphalt    (130)  474 

Resurfacing    Pavements,    Promoted    bv 

Contractor    (85)  359 

River   Wall.    Built    bv    Concrete   Plant 

On     Skids (57)  241 

Road  Bonding,  Bugaboo (113)  457 

Road   Building   Regiment (59)  303 

Road.    Concrete   on   Water   Soaked   Sub 

Grade    (62)   200 

Roads,     Concrete,     Removal    of    Excess 

water    in (9)       9 

Road    Construction,    Considerations    of. 

Governing    Selection (97)   371 

Road   Construction,   (?ost   Keeping  Rec- 
ords    (or (72)   270 

Road  Construction  in  France (86)  360 

Road  Construction  in  Iowa  During  Past 

4   Years (82)   280 

Road      Construction,      Convict      Labor, 

Massachusetts    (104)  378 

Road  Construction,  Military,   in  FVance 

(32)     90 

Road  Construction,  Selection  of  Type.. 

(97)  371 

Road  Construction  in  United   States  in 

1916    (106)   380 

Road    (I^ontract.    Cost    Plus    Fixed    Sum 

(63)  201 

Road  Drags  for  Gravel  Road  Construc- 
tion     (91)  365 

Road     Foundations,     Soil    Texture    aniJ 

Stratification     (12)     12 

Road   Grader,   Martin (44)   102 

Road  Improvement,  Emergency,  to  Re- 
lieve Railway  Congestion (68)  266 

Road      Improvement,      Slow      Progress, 

Country     (112)  456 

Road    Maintenance,    Cost    of,    for    Con- 
crete  (23)     81 

Road     Maintenance,     Cost     of,     Tarred 

Concrete    (23)     81 

Road  Maintenance,  Cost  Keeping  Rec- 
ords   for (72)  270 

Road   Maintenance,   Illinois (6)       6 

Road    Maintenance    bv    Patrol    Svstem, 

by    City (107)  381 

Roads.     Maintenance,     Patrol     Svstem, 

New    York (11)     11 

Road  Material.  Commercial  Deposits  of. 

in    Illinois (38)     96 

Road    Material,    Handling,    with    Boxes 

on    Motor  Trucks (53)  191 

Road    Material,    Hauling,    by    Industrial 

Railway     (124)   468 

Road,    Military (113)   457 

Road,     Monolithic,     Vermilion     County, 

III (1)       1 

Road   Oiling,   Iowa (20)     20 

Road    Plans,    Instructions    of    Missouri 

(125)    469 


Road    Sidehill,    Grading (46)  184 

Road    Rock,    Proi30sed    Toughness    Test 

for    (40)     98 

Road    Signs,    Union    Iron    Products    Co. 

(43)  101 

Road     Surface.     Influence    on    Tractive 

Resistance    (78)  276 

Road   Surveys.    Instructions  of  Kentuc- 
ky   Department    of    Public    Roads 

for    -  (79)  277 

Road  System,  County.  Maintenance.... 

(119)  463 

Road   Work,   Mexico    (120)  464 

Roads,    Concrete,    Expansion    and    Con- 
traction of (101)   375 

Roads,   Concrete,    Maintenance   Cost  of 

(23)     81 

Roads,    Concrete,    Cold    Weather    Con- 
struction     (124)  468 

Roads,  Concrete.  Split  Float  for...  (108)  382 
Roads,  Country,  Sheet  Asphalt  for.  (75)  273 
Roads,  Experimental.  Wisconsin  ...  (88)  362 
Roads,  Federal  Aid,  Standard  Plans  tof 

(15)     15 

Roads,    Gravel,    Damage    by    Cleats    on 

Tractors    (76)  274 

Roads,  Handling  Hillside  Slips  on.. (12)  12 
Roads,  Life  and  Repair  Costs  of...  (24)  82 
Roads.  Light  Surface  Treatments. .  (41)  99 
Roads.    Military,    (""onstruction    at    Mt. 

Gretna    (34)     92 

Roads,    Mixing    Gravel    and    Clay    in    a 

Concrete   Mixer  for (So)  359 

Roads,    National,     Construction    of,     in 

Ohio    (19)     19 

Roads,  Oiled  Earth,  in  Iowa (20)     20 

Roads,   Old  Macadam,   Renewing  Surf- 
ace         (105)  379 

Roads,      or     Tarred      Concrete,      Main- 
tenance Cost  of (23)     81 

Roads,  Oregon  $6,000,000  Bond  Issue  for 

(2)       2 

Roads,  Portable  Gravel  Plant  for.  .(55)  193 
Roads.  Sand,  Improved  bv  Hay  and  Tar 

Mats    (88)  362 

Roads,  Sand  Clav,  Tamping (47)  185 

Roads,     Single-track (47)  185 

Roads.   State,   California,  Cost (105)  379 

Roads  Surveys,  State  Aid,  lUinois.  .(47)  185 
Roads.    Tarred    Concrete,    Maintenance 

Cost    of (28)     81 

Rock  Cut  Slopes  for (50)  234 

Rock     Excavation.      Catskill     Aqueduct 

Tunnels   (21)  125 

Rock    Excavation.    Cost    of    Cross-Cut- 
ting.  Amador  County,   Calif.. (46)  230 
Rock     Excavation,      Spacing     of     Drill 

Holes    (39)  143 

Rock  Drilling.  Large  Drills  Mounted  on 

Wagon  or  Car (3)     45 

Rock     Drilling     Plant,     Self     Contained 

Gasoline     (38)  142 

Rock  Testing,  Controllable  Variables  in 

Toughness    (29)     87 

Rockw-ood    Intake    Gates.    Construction 

Features  of (27)   131 

Rogers    Pass    Tunnel,    Pioneer    Tunnel 

Method     (76)  320 

Roller  Bearings  for  Dump  Cars (23)   127 

Roller,   Concrete  Road   Finisher,   Macon 

(9)       9 

Roller  Frame  for  Electric  Shovel. .  (112)  510 
Roller  for   Concrete   Road   Construction 

(9)       9 

Roller    Method    of    Finishing    Concrete 

Roads       (100)  374 

Roller    Method     of    Finishing    Concrete 

Roads     (69)   267 

Roller    Method    of    Finishing    Concrete 

Roads   (69)  267 

Roofs    and    Walls,    Designs,    Effect    of 

Atmospheric    Humidity (41)   243 

Roof,  Masonr.v  Arch  for  Barns (14)     76 

Roofs,    Prevention    ot    Condensation    in 

(30)    156 

Roof,  Reservoir.   Failure  of (128)  494 

Roof.    Saw   Tooth    (34)  160 

Rope,  Hoisting,   Performance  of (97)  425 

Rope.  Method  of  Splicing (20)     62 

Rones.    Safe    Loads   for (12)     74 

Rot  and  Rust,  Caused  bv  Condensation 

of  Atmospheric   Moisture (41)   243 

Runoff     Estimated    and    Actual,    Snow 

Survey (55)  215 

Runoff  in  Snow  Measurements (112)   478 

Rural     Roads    and    Bridges,    Construc- 
tion,   1916 ; (106)   380 

S 

Safe   Loads   for  Chains  and   Rones.  (12)     74 

Sand    Digging    Device (34)   138 

Sand    Grading,    Effect    on    Strength    of 

Concrete    (35)  161 

Sand    and    Gravel    Plant    of    Tecumseh 

Gravel   Co (37)  141 

Sand -Clav    Roads.    Failures    Prevented 

by  'Tamping (47)  185 

Sand  Roads.  Improved  by  Hay  and  Tar 

Mats     (88)  362 

Sand.   Stacking  with  Chutes (79)  407 

Sanitarv       Improvements,       Minnesota 

Regulation    (93)  391 

Sanitation,  Textile  Mills (59)  261 

Scrapers  and  Plows  for  Digging  Shallow 

Trenches   (60)   304 

Seabrook    Farms,    Overhead    Irrigation 

at (30)  112 

Sea  Wall  Repointing  with  Cement  £run 

(35)    139 

Seepage,      Cement      Gun      Seals      Well 

Against    (73)   291 

Selling  Services  of  Construction  Co  (24)   151 
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Service    Pipe.    Cement    Lined,    Wrought 

Iron,    Galvanized (17)     39 

Sewage      Disposal,      Activated      Sludge 
Plant     in    Stock     Yards    District, 

Cliicago    (li)     2S 

Sewage    Disinfection    by    Copper    Salts 

.  ..„ (lfJ4)    402 

Sewage      Disposal.      Activated      Sludge 
■Process  of  Packing  House  Wastes 

(8S)    3S6 

Sewage  Disposal.   Devices  for  De^\ater- 

ing  Activated   S.udge (5Ti   217 

Sewage  Dispo.sal,  Experimental  Station. 

New   Haven .' . .  f92)  390 

Sewage   Experiment   Station.    Xew   Ha- 
ven, Conn (92)  390 

Sewage    Di.<!posal.    New    Haven.    Conn.. 

Experiment    (104)  402 

Sewage  Treatment,  Objectionable   Fea- 
tures of  Sprinkling  Filters. ..  (2G1   lOS 
Sewage  Treatment  Work.  State  Control 

of    (99)   397 

Sewerage      Improvements.      Toledo.      O, 

..    (106)    404 

Sewerage  Work  for  Camp  Custer. .  (1131  479 
Sewer    Catchbasin.     Machine     Cleaning 

(125)    491 

Sewer  Construction,  Chicago.  New  Rec- 
ord      '■ (126)   492 

Sewer.    Concreting,    from    Top    of    Spoil 

Bank   (99)   427 

Sewer     Construction.     Tunnel    Methods 

(12)      54 

Sewer  Pipe.  Recommended  Practice  for 

Laying    (67)  285 

Sewer  Pipe.  Trench  Pressure  T'pon.(84)  302 
Sewers.    Cleaning   with    Zinc    Balls   and 

Fire  Hose (Ill)  477 

Sewers.     North    Shore.     Chicago.     Con- 
struction   Methods (121     54 

Sewers,  Safe  Trench  Pressure  for..  (84)  302 
.''hale       Dand.       Irrigating.       Drainage 

Method  (10)     32 

Shank   and    Bit    Punch,    T.,eyner (62)  30fi 

Shape  Book.   New   Carnegie (84)   432 

Shear  Diagram  for  Bentup  Bars.... (94)  442 
Sheet  Asphalt  for  Country  Roads.  (75)  273 
Sheet      Asphalt.      Resurfacing     .Vsphalt 

Blocks    (130)   474 

Sheeting.    Trench.    Pulling    with    Back- 
filler      : (103)   501 

.Ships.   Concrete,    Feasibility  of (106)  520 

Shipbuilding,     Opportunity     for     Struc- 
tural    Engineer (S3)   431 

Shipbuilding.  Reinforced  Concrete.  (118)  532 

Shipbuilding.  Wars  Effect   on (99)   447 

Ship  Yards.  Cost  Plus  Contract  for.(4)  46 
Shrinkage  in   Fill.  Allowance  for...  (57)   241 

Sidehill   Road.    Grading (46)  184 

Sidewalks,    Concrete    Ore     Tailing    for 

(63)    20! 

Sidewalk    Receptacle    for    Street    Cans 

(22)      22 

Sidewalls.    Suspended (23)  149 

Sign  Board.  beb-Iron (22)     22 

Silt  Lands.   Reclamation  of (107)   405 

Slips.    Hillside.    Handling (12)     12 

Slown    San    Filtration   Plant.    Operating 

Costs    of (55)  215 

Sludge.    Cost    of    Drying (7)     29 

Sludge.   Cost  of  Pressing (7)     29 

Smoothing    Board    for    Gravel    Mainte- 
nance      (107)  .381 

Snow  Survey.  Estimated  Runoff ..  (55)  215 
Snow  Measurements  and  Runoff ,,  (112)  47S 
Snow  Plows.  Motor,  New  York  City.(S)  « 
Snow  Removal.  New  York  City...  (7)  7 
Societv  of  Engineering,   Cancellation  of 

Annual    Meeting (3)     65 

Societv  Publications.  Criticising (46)   IS) 

Soil   Sampler (99)   427 

Soil    Texture    Affecting    Road    Founda- 
tions     (12)     12 

Specifications.  Bridge,  Illinois,  New  Re- 
quirements      (43)   245 

Specifications.  Concrete  Pavement.  Ohio 

(49)    1S7 

Specifications,      Extra      Work      Clauses 

(.83)    411 

Specific    Gravity    and    Fine    Aggregate 

(62)    200 

Specifications.   Cast   Iron   Pipe.    Ameri- 
i  can     Water     Works     Association 

(21)    103 

Specifications.  Extra  AVork  CHuse.(63)  325 
Specifications    Extra    Work    Clause    of 

Miami    Conservancv    District .  (59)   303 
Specifications,    Kansas,    for   RoJIer  Fin- 
ishing     (100)  374 

.Specifications.  Unclassified  Work 

Clause    (63)  325 

Splicing    Rope (20')     62 

Spring    Breakups    of    New    York    State 

Highway   (27)     S5 

Sprinkling    Filters.    Ob.lectionable    Fea- 
tures  of ('61    105 

stacking   Pond   with    Chutes (79)   407 

Staff    for    Roail    Patrolmen (1021  376 

Stanfiard,  fnr  Federal  Aid  Roads., (15)  15 
Standpipe.    Steel.    Encased    in    Concrete 

(91)    son 

State  Aid  Ro.-<d  Survevs.  Co=t "It  185 

State  Roads.  Cost  of  in  California. (105)  379 

State  T^fighwav.  Kansas  T.aw (114)   458 

Stale    Trunv   Highway.    Condition    S'lr- 

vev    of (95!)  361 

Steam   .Shovel   Oneration  in  Mining  Bi- 
tuminous   Coal (50)  234 

Steam     .Shovel     Operation     in     Rai'wnv 

Practlce    (52)    236 

steam  Shovels.   Timber  Track   Seem.. is 

for    (1001   428 

Steel  Column  Tests,  bv  T'.  S.  Bureau  of 

Standards     (811   429 


Steel   Compression  Members,  Design  of 

(28)    154 

Steel    Frame    Tower,    Encased    in    Con- 

,  Crete     ( 96)  424 

Steel,     Eccentric    Loading    Experiment 

(47)    249 

Steel   Products.   JIagnetic   Analysis.  13S)   161 

Steel  Frame  for  Clock  Tower.  Penn- 
sylvania   Station 1109)   523 

Steel.  Prices,   Fixed   bv  War  Industries 

Board    " (78)   322 

Steel   Sheet    Piling,    Method   of   Driving 

(48)    232 

.Steel  Sheet  Piling,  (Jrdering,  Transport- 
ing and   Handling (48)  232 

Steel,    Production    and    Consumption    of 

(67)    329 

Steel  Products.   Production  Capacity  in 

United     States (22)   348. 

Steel   Production    in    Foreign    Countries 

(24)    350 

Steel,  Structural,  Price  Changes  for.(181   344 

Steel    Radio    Tower   Insulators,'    Method 

of    Setting (55)   239 

Steel,   Structural.  Trend  of  Prices   i^ast 

Fifteen    Years (19)   343 

Steel.    Structural.    Trend   of   Prices,,  (7)   173 

Steel     Work.     .Methods     of     Protecting 

from  Higli  Water il24)   538 

Steel  Water  Tank  Encased  in  Orna- 
mental  Concrete  Shell ;.(91)   389 

Steel   Work.    Condition    i>f   After    Seven 

and    One-half    Years (34)   160 

Stone,    Broken.    (General    Limiting   Test 

Values    for (33)     91> 

Stones,   Broken.   General   Limiting  Test 

■Values    for (33)     91 

Stones,  Broken.  General  Limiting  Tests 

Value    for (33)     91 

Stone.   S.tacking  with  Chutes (79)   407 

Stone  and  Webster,  Cost  Plus  Contract 

Forms     (961   444 

.strainer  System,  with  Mechanical  Fil'ri 

(791    J97 

.'Stratification.  Affecting  Road  Founda- 
tions     (12)     12 

.strength  of  Structural  Timbers.  Density 

Factor  as  Guide  to (89)  •137 

Street    .A.ccident    Causes.    Diagnosed    in 

St.     Louis (S71   361 

Street    Accident,    Method    of    Reducing 

(87)    361 

Street    Cans,    Sidewalk    Receptacle    for 

(22)      22 

Street    Cleaning,    Cost    of,    Chicago.    111. 

(64)    202 

Street    Cleaning,    Costs,    Houston,    Tex, 

(61)    199 

Street    Cleaning,   New   York   City.    1916 

(16)      16 

Street    Cleaning.    Cost    of,    Philadelphia 

, (521    190 

.'Street     Cleaning.     Cost     with     Vacuum 

Cleaners    1 79  i  277 

.'Street     Cleaning.     Economy     of     Motor 

Tractors    (25)     S3 

Street  Flushing.  New  York  City (18)     18 

Street  Department   Horses.  Care  of.(84)  282 

Street     Imjirovements.     Xon-Assessalile 

Property    and (79)  268 

Street    Intersections.    Increased    Radius 

of  Curb  at (S3)   281 

Street  Opening.  Method  of  Handling  at 

Toledo.     O (105)  379 

.street  Sprinkling.  Comparative  Cost  of 

(541    192 

.Street    Sprinkling,     Cost,     Los    Angeles 

...,(54V  192 

Street     Sprinkling    with    Motor    Truck 

, (54)    192 

Street     Railway     Efjuipment,     Increase 

Cost    of (2)   168 

Street   Railway   Tracks.    Paving (48)   186 

Streets,  Clean.  Philadelphia  Educa- 
tional Campaign  for (13)     13 

Streets,     Widening     Existing     to     Meet 

Trafiic   Demands (50)   1S8 

i^Jtiipping,   Mining  Bituminous  Coal, (50)   234 

Stripping    with    Bottomless    Bucket. (31)   135 

.structural      Engineer.      Competitor      of 

Architects     (84)  432 

Structural  Steel.  Price  Changes (IS)  344 

Structural  Steel.  Trend  of  Prices  Dur- 
ing Past   Four  Years (7)  173 

Structural  Steel.    Trend   of  Prices  Last 

Fifteen  Years (19)   345 

Structural   Steel.   Effect  of  War  on. (241   350 

Structural   Timbers.   Density  Factor  as 

Guide    (891   437 

Stumps.    Method    of   Burning (1141   512 

Students.   Suggested   Theses  for (461   184 

Students,    Civil    Engineering,    Decrease 

in    (IS)   344 

Students.  Engineering  and  Draft..  (1051   519 

Subbase    with    Concrete    Surfaces, ,  (21)     21 

Sub-contracts  and  Building  Contractors 

(121     74 

Sub-contract      in      Government      "Work 

(1021    500 

Sub-grade.  Finish  Drag  for  Shaping 

(100)    374 

Sub-grades,  Reduce  of  Hand  Trimming 

(Ill)    455 

Submerged  Gas  Main.  Method  of  Lay- 
ing in  W'inter (34)   115 

Submerged  Pipe  Line.  Method  of  Lav- 
ing    ;...(141     36 

Submerged     River     Crossing,     Methods 

and  Costs  of (70)   2.88 

Surface  Treatment.  District  of  Colum- 
bia     (105)   379 

Surface   Treatment.    Tarvia.    Cost.  (1201  464 

Summer    Sores    on    Horses.    Treatment 

for    (301   134 


Surety  Bonds  L'lider  (io\-ernnient  Con- 
tracts     (81     50 

Sulphur    Water,  Aeration   of  in   Florida 

(9)      :Si 

Superintendent,   Contractors (93)   421 

Superintendents,     \\'ater    Works,     Civil 

Engineers    as (3)     25 

Survey.  Automobiles  lor (15)     37 

Survey.   Condition,    Method    of  Wiscon- 
sin   Highway    Commission. ...  (92)   366 
Surveys.  Cost  of  Slate  .\id.  Illinois. (47)   185 
Surveys.       Road.      Instructions      of      Ken- 
tucky   Public    Roads    Department 

(79)   277 

Surveying   Roads,   Missouri (125)  469 

Survey.    Underground,   for   Tunnel.(115)  513 
Swamp  Lands.  Subsidance  After  Drain- 
age      (97)   395 

Swine.    Feeding   Garbage   to (51)   211 

Swine.  Method  of  Disposing  of  Garbage 

(51)    211 

Synchronous   Motors   for  Water  Pumps 

(108)    406 

T 

Tannery   Waste.   Purification  of (38)   120 

Tarred    Concrete,   Maintenance  Cost   of 

(23)      81 

Tar  Mats  and  Hay  for  Sand  Roads.  (88)  36? 

Tarvia  Treatment.   Cost  of (120)   464 

Teams,   Co.st  of  Operation (73)   291 

Technical    Men.    Reading   and    Studying 

(22)    104 

Technical  Schools.  Necessity  for  In- 
creasing the  Attendance (25)   129 

Telephone     Line     Construction,     Motor 

Trucks   and   Trailers   on (63)  307 

Test  of  Reinforced  Concrete  Buildings, 

Chicago    (84)   432 

Test  Values  for  Broken  Stone (33)     91 

Test  Values  for  Broken  Stone (33)     91 

Tester.    Consistency.    Xew,    Bituminous 

Material  (54)  192 

Testing.   Rock.  Toughness (29)     87 

Tests,  Compression  on  Concrete  Cyl- 
inders      (64)  326 

Tests     of     Concrete     Road     Aggregates 

(41)     99 

Tests   Concrete   Roads,    U.    S,    Office   of 

Public    Roads (101)  375 

Tests,    Hydrostatic    of    Submarine    Pipe 

Line    (132)  49R 

Tests,    Strength    of    Nail    Joints (65)   327 

Tests,    of    Roof    Condensation (.30)   156 

Tests  on  Steel  Columns  by  U,  S.  Bu- 
reau of  Standards (811   429 

Tests.    Toughness   for  Road   Rock.. (40)     9S 

Textile  Mills,  Sanitation  and  Ventila- 
tion  of (59)   2G] 

Thawing  Earth  with  Steam (80)  408 

Thawing    Frozen    Ground    with    Steam 

(24)    106 

Thawing  Ground  for  Trench  Work.(lll)   477 

Tie    Plates (8)     70 

Timber  Columns,  Diagram  for  Design- 
ing    (88)   436 

Timber  Piers,  Concrete  Superstruc- 
tures for (31)   157 

Timber  Track  Sections  for  Light  Steam 

Shovels    ; (100)   428 

Timbers.     Structural,     Densit.v     Factor 

(89)    437 

Timber    T)ackwa.vs    for    Jlotor    Trucks 

(81)    409 

Toledo.  O..  High  Pressure  Fire  Pro- 
tection   System    of (82)  300 

Toledo.     O..      Sewerage     Improvements 

(106)    404 

Tougliness  Tests  for  Rocks,  Controlla- 
ble  Variables   in (29)   87 

Tower.     Clock.     Pennsylvania     Station. 

Chicago    (96)  424 

Tower,  Steel  Frame,  Encasing  in  Con- 
crete     (96)  424 

Track  Elevation  Work,  Concrete  De- 
livered by  Motor  Trucks (18)     80 

Track  Laborers,  Obtaining  and  Retain- 
ing   (77)  321 

Track  Work,  Labor  Saving  Equipment 

for    (69)   313 

Tractive    Resistance    of    Road    Surface 

(78)    276 

Tractor      Cleats,      Damage     to     Gravel 

Roads     (76)  274 

Tractors.  Motor  for  Street  Cleaning.(2D)     83 

Traflic    Census.    Iowa (35)     93 

Trafiic.  Detouring  on  Road  Construc- 
tion     (102)  375 

Traffic    Manager    for    County    Highway 

Department   (42)   100 

Traffic,   Weight   and   Amount,    on   Iowa 

Country  Roads (7S)  276 

Traffic,    Widening    Existing    Streets    to 

Meet    (50)  188 

Trailer.  Carries  "W^ater  Works  Tools  and 

Supplies     , (43)   204 

Trailer  on  Telephone  Line  Construc- 
tion     (63)   307 

Transit,  Inverted   for  Lines  and  Grades 

of    Tunnel (110)  508 

Traveling   Field    Labora-tory (25)  107 

Tree  Planting  in  M'assachusetts (91)  365 

Tree    Planting.    Methods   and   Cost.  (90)   41S 

Trench     Pressures     LTpon     Sewer     Pipe 

(84)    302 

Trench   Sheeting,  Pulling  with  Bacflfll- 

ler    (1031  501 

Trench     Work.     Thawing     Ground     for 

, (Ill)    477 

Trenches.   Shallow.  Digging  with  Plows 

and   Scrapers (60)  304 

Trucks.    Jlotor,    All-Year   Cab   for,,  (22)     22 
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Trucks.   Motor,    Bonus   for  Drivers..  (21 

Trucks.  Motor,   for   Delivering-  Concrete 

for    Track    I'ilpvation     vv'orK..(lS) 

Trucks.     Road     .Maintenance,     Cost 


»Ijeratio 


.(i;» 


True 


Tunr 


cnance,    Illinoii 

A\  lit-el   Brake  tor  Heav.v  L,oads 

(!.")) 

Tunnel,  Lines  and  Grades  with  Invertetl 
Transit     (110)   i 

Tunnel.   Pioneer.   Rogers  Pass (76)   ', 

Tunneling,  Flffect  of  Inadequate  Venti- 
lation on (HO)   ; 

Tunnels.  Catskill  .Vqueduct.  Over- 
breakage  in (21) 

lels,  Marin  Count.v.  Cal (331 

lels    Pine    Mountain    Metliods    and 
Cost    of (33) 

Turner  Construction  Co..  Building  Con- 
tracts     (Ti;)  : 

Turntables.  Graphical  Determination  of 
Maximum  Moments  in (10) 

j:;d  Regiment  of  Engineers.  Volunteers 
Wanted    (Si))   : 

'I'viiliiiid.  Liquid  Chlorine  Protection 
Asainst    (2) 

U 

I'nclassifled  Work  and  Extra  Work. (61)   : 
rnclassitied  Work  Clause  for  Construc- 
tion   Specifications (63) 

Underslung    Chain    Drive    for    Concrete 

Mixer    (60) 

Underground  Survey  for  Water  Tunnel. 

Chicago    (llu)   : 

Uniform   Stationerv   and   Drawings.  (20) 

Unloader,    Portaljle   Belt (56) 

Universal  Pipe  for  Snbmer.ged  Line.  (14) 
U.   S.   Arm.v  Engineers.   Work  of.   Since 

War  Began ( i'S  i 

U,  S.  .\rmv  Engineers.  Purchases  of 
Construction   Equipment (10!) 

V 

\'acii:us  Coli.  .Method  of  Indentif.\  ing 
at  Cincinnati  Filtration  Plant.  (TSi 

^'aouum  (_'!leaners.  Cost  of  .Street 
Cleaning    with (79) 

Valuation,  Cost  of,  Small  Water  Com- 
panies      (4) 

Valuation.  Water  Works.  Fundamental 
Principles     of (93) 

\aluation.  Water  Works,  Reasonable 
Limits  of  Accuracy (69) 

Various  Types  of   Roofs (30) 

Vehicles.  Weighing  for  Traflie  Census 
(35) 

Ventilation.  Effect  on  Tunneling  Prog- 
ress     (60) 

Ventilation.  Textile  Mills (59) 

Viaducts.  Comparative  Costs  of....  (73) 

Viaduct,  Plate  Girder.  Comparative  De- 
signs of (9S) 

Viaducts.  Versus  Fills  for  City  Streets 
(73) 

Villages.     Industrial.     Construction     of 


W 

\\'aohu.setts    Aiiueduct.    -.Maintenance    of 

(17)      39 

Wages.    Equalization,    in  America.  .(41 )   22't 

Wages.   Will    They    Decrease? (1)   167 

Wagon    Dumping.    Movable    Incline    for 


Wagons,  Snatching  Out  of  I'it .  . .  .  ( lii2i 
Walls    and    Roots,     Designs,     Effect    of 

.\tmospheric  humKiit.\  on....  (41) 
War  and  Prouuction  or  Garbage.  .  I  .  l .  I 
War.   Klfect  on  Enrollment  in  Civil  I'.n- 

^ineeiing  Departments  oi   Anieii- 

can    Colleges t2ii) 

War,  Its  Effect  on  B.-ipbuilumg iH.u 
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A  rlr»nf  inn    f\i    "  ^tanrlcirrl     Qi-ro  "    in^r  ^^^^  ^^  likely  to  happen,  nothing  will  disclose  the  prob- 

rVaOpilOn    OI        :5ranaara     MZe^       lOr  ^^ility  more  clearly  than  curves  of  wage  rates.     And 

Engineering    and    Contracting  'f  »*  becomes  apparent  from  study  of  such  curves  that 

wages  are  headed  upward,  month  after  month,  we  look 

Nearly  all  technical  and  engineering  periodicals  use  to  see  civil  engineers  advising  no  let  up  in  construc- 

the  "standard  page"  whose  size  is  9x12  in.     During  tion  programs  on  the  ground  that  prices  are  higher 

the  past  year  we  have  received  many  requests  from  hq^  than  before  the  war. 

readers  and  advertisers  to  adopt  this  standard  size.  it  is  our  plan  to  make  the  Price  and  Market  Quar- 

Accordingly,    it    was    decided    some    months    ago    to  terly  issue  of  Engineering  and  Contracting  indispens- 

change  to  the  "standard,"  beginning  with  the  first  is-  able  to  all  who  estimate  construction  costs,  and  this 

sue  in  July,  and  our  advertisers  were  notified  to  that  means  to  the  great  majority  of  our  present  subscribers 

effect.    To  our  readers  the  present  issue  comes  as  the  ^^•hether  they  are  engineers  or  contractors. 

first  announcement  of  the  change.  We  believe  that  the  

shorter  page  will  be  welcomed  by  them  because  of  the  n-.,        ¥      u          r>               ^    t          •               ik/t 

decreased  height  of  shelf  needed  for  the  bound  volume.  The  LaOOr  CoSt  OI    Laying  a  Mon- 

olithic  Brick  Road 

A  Year  of  Rotated  Special  Month-  in    VermlUon    county,    IHinois,    about   25   miles   of 

Iv    Issues    of   This    Periodical  monolithic   brick  roads  have  been  built.     The   brick 

paving    (4  in.  thick)    is   10  ft.  wide  laid  directly  on 

A  year  ago  this  journal  began  publishing  four  spe-  green  concrete  5  in.  thick  at  the  center  and  4  in.  at 

cial  monthly  issues  which  were  rotated  so  as  to  pro-  the  sides. 

vide  a  weekly  magazine  covering  the  entire  civil  engi-  A  gang  of  32  men  and  a  foreman  on  one  contract 

neering  and  contracting  field,  and  at  the  same  time  job  was  capable  of  laying  over  800  sq.  yd. — sometimes 

giving   four   monthly    magazines   and   one    quarterly,  nearly  900  sq.  yd. — of  concrete  base  and  brick  wear- 

The   plan   has   not  only  met  the  hearty  approval   of  ing  coat,  as  a  good  day's  output.    About  half  the  gang 

nearly  all  our  old  subscribers,  but  it  has  enabled  us  to  laid  concrete  and  the  other  half  laid  brick.    This  gang 

secure   new  subscribers  at  a  much   faster  rate  than  did  not  deliver  the  materials  from  the  freight  cars  to 

hitherto.    In  fact  we  have  averaged  more  than  30  new  the  road.    Materials  were  delivered  on  a  narrow  gage 

subscribers   per   1,000  sample  copies  throughout  the  (2  ft.)  track  laid  alongside  the  pavement.     The  sand 

year.  and  stone  were  dumped  from  cars  on  the  subgrade,  and 

It  has  been   decided  to  change  the  name  and  the  the  brick  was  stacked  in  piles  on  the  other  side  of 

scope  of  the  quarterly  issue  which  is  published  on  the  the  car  track. 

fifth   Wednesday  of  three  months  of  the  year.     The  Assuming  an  average  wage  of  $2.50  a  day  for  the 

new  name  will  be  Price  and  Market   Quarterly.     In  concrete  gang  of  15  men,  the  labor  cost  of  mixing  and 

that  issue  will  be  given  prices  of  materials,  rates  of  placing  concrete  was  less  than  5  ct.  per  sq.  yd.  when 

wages,  bidding  prices,  etc.,  for  all  parts  of  America  the  work  was  moving  smoothly. 

during  the  preceding  three  months.    In  addition  there  The  brick  laying  gang  was  organized  as  follows,  and 

will    be    statistical    charts    showing   price    and    wage  the  wages  are  assumed  as  given: 

curves  for  each  of  the  preceding  12  months  or  longer,     3  brickiayerr,  at  $4 $12.00 

+V^m    -nrVin'oV,    i-v,^    ™^vi,,..„t    t««„j      -c         •  u         .,  3  Stacking  brick  from  cars  at  $2.50 7.50 

irom  Which  the  general  trend  of  prices  can  be  seen.     5  carryml  brick  tron-.  stacks  to  road..  12.50 

We  believe  that  both  engineers  and  contractors  will     ,1 '^"''.'"s^  brick   2.50 

^     J    ,,  ,  ,1  rolling  iS.oO 

imd  these  trend  curves  of  great  utility  in  estimating      3  prroutin? 7..5r. 

the   probable   cost  of   future   work.  "  ^  wetting  brick  and  moving  terms ._2.5C 

One  of  the  common  errors  in  cost  estimating  arises  Tctai.  soo  sq.  yd.  at  e  ct 547. on 

from  the  use  of  existing  prices  without  any  considera-  In  stacking  brick  and  in  delivering  brick  onto  the 

tion  of  the  trend  of  prices.    As  long  as  the  war  lasts,  road,  the  bricks  were  handled  with  tongs.    Note  that 

and  probably  for  6  or  8  years  afterward,  there  will  be  ii  required  5  men  to  deliver,  with  tongs,  enough  bricks 

marked  upward  movements  in  prices  and  wages,  just  to  lay  800  sq.  yd.  per  day,  which  is  equivalent  to  only 

as  there  were  during  the  civil  war  and  for  a  decade  160  sq.  yd.  per  man.     Contrast  this  with  the  number 

following  it.     It  is  our  opinion  that  although  wages  of  brick  delivered  per  man-day  by  the  use  of  a  gravity 

have  been  steadily  rising  for  three  years,  we  shall  wit-  roller  conveyor,  as  given  in  Gillette's  "Handbook  of 

ness  a  continuation  of  this  rise  for  years  to  come.    If  Cost  Data,"   p.   353.     It  is  there   stated  that  4  men 

(1) 
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delivered  enough  brick  to  3  pavers  to  lay  1,500  sq. 
yd.  in  a  day,  or  375  sq.  yd.  for  each  of  the  4  men,  us- 
ing three  gravity  roller  conveyors  for  the  purpose. 
This,  it  is  true,  is  very  rapid  work.  However,  it  is 
self-evident  that  men  can  not  possibly  compete  with 
a  gravity  roller  in  transporting  brick  from  stock  piles 
to  a  pavement. 


Why  Motor  Truck  Drivers  Should 
Be  Paid  a  Bonus 

A  motor  truck  is  always  more  economic  than  teams 
and  wagons  wherever  the  truck  is  kept  moving  nearly 
all  of  a  working  shift  and  with  a  small  repair  cost. 
The  daily  mileage  and  the  repair  cost  are  largely  in 
the  hands  of  the  truck  driver. 

A  daily  record  should  be  kept  of  the  number  of 
trips  and  the  mileage  covered  by  each  truck,  also  of 
the  time  lost  for  repairs  and  for  other  reasons.  Based 
on  the  mileage  performance  each  month,  the  driver 
should  receive  a  substantial  bonus  for  all  mileage  in 
excess  of  a  specified  amount.  But  if  his  bonus  pay- 
ment is  limited  to  mileage  performance,  he  is  apt  to 
race  the  truck.  When  this  is  done,  and  particularly 
where  the  road  is  rough,  the  repair  costs  may  rise  to 
such  an  extent  as  to  offset  any  gain  secured  through 
rapid  travel.  Therefore  a  second  bonus  should  be 
offered  to  the  driver,  based  on  the  number  of  dollars 
in  repairs  that  he  saves  each  month  from  a  stipulated 
monthly  repair  allowance. 

Where  this  was  done,  using  2-ton  trucks  for  hauling 
broken  stone  over  an  old  gravel  road,  the  costs  per 
ton-mile  were  kept  below  6  ct.  inclusive  of  intei-est  and 
depreciation.  This  was  half  the  cost  of  similar  haul- 
ing with  teams  at  $5  a  day,  hauling  two  tons  to  a  load 
and  traveling  20  miles  daily. 


"Success  Is  Won  by  Enthusiasm 

and  the  Habit  of  Constant 

Thought" 

A  few  months  ago  Prof.  Elihu  Thomson,  past  presi- 
dent of  the  American  Institute  of  Electrical  Engineers 
and  inventor  of  700  patented  devices,  was  presented 
with  the  John  Fritz  Medal  "for  achievements  in  elec- 
trical inventions,  in  electrical  engineering  and  in  in- 
dustrial development  in  scientific  research." 

The  leading  address  made  at  the  time  of  the  presen- 
tation of  the  medal  was  by  E.  W.  Rice,  Jr.,  president 
of  the  General  Electric  Co.,  of  which  we  quote  part 
from  the  Electrical  World: 

One  of  the  mcst  extiaordinary  thinois  about  his  experimental 
worlt  is  its  low  cost.  I  am  sure  that  if  a  prize  were  to  be  given 
for  the  inventor  cr  engineer  who  could  make  a  dollar  go  farthest 
and  produce  the  greatest  results  Professor  Thomson  would  have 
no  worthy  competitor  in  this  or  any  other  country,  and  1  say 
this  because  I  have  had  some  experience  with  other  inventors! 
He  seems  to  possess  an  almost  intuitive  insight  into 
nature  and  her  ways,  probably  because  of  the  quickness 
and  accuracy  of  his  perceptions  combined  with  the  inost  re- 
markable depth  and  range  of  his  scientific  knowledge,  all  helped 
by  a  nlar^•elously  retentive  memory.  In  fact  Professor  Thom- 
son, perhaps  more  than  any  other  inventor  since  the  days  of 
Henry  and  Faraday,  combines  in  his  person  profound  and 
accurate   scientific   knowledge   with   extraordinary   technical    skill. 

Mr.  Rice  has  been  intimately  associated  with  Prof. 
Thomson  for  36  years. 

In  a  brief  response  to  the  tribute  that  he  had  re- 
ceived. Prof.  Thomson  said  that  to  young  men  the 
road  to  scientific  renown  seems  long  and  blocked  by 
many  obstacles,  but  that  success  may  be  won  by  en- 


thusiasm, the  habit  of  constant  thought  and  the  de- 
termination to  regard  difficulties  only  as  stepping 
stones  to  victory. 

Enthusiasm,  constant  study  and  determination  are 
"the  three  graces"  that  characterize  the  scientific 
victor,  according  to  Prof.  Thomson.  A  few  weeks  ago 
we  quoted  Henry  Ford's  "Read  a  lot,  think  a  lot,  work 
a  lot,"  as  being  the  practice  of  the  successful  business 
man.  In  widely  different  fields  and  of  equally  wide 
differences  in  training  and  temperament,  Thomson  and 
Ford  urge  constant  study  as  an  essential  to  success. 
How  many  graduates  of  engineering  colleges  now  en- 
tering their  professional  life  are  doing  so  with  the 
determination  to  read  and  think  a  lot?  Are  they  not, 
for  the  most  part,  inclined  to  regard  their  graduation 
as  an  escape  from  study?  Is  there  not  a  prevalent 
feeling  among  engineers  that  personal  experience  can 
be  made  to  serve  in  place  of  reading  and  thinking? 
If  so,  would  it  not  be  wise  for  every  engineer  to  go 
frequently  to  a  large  engineering  library  and  there 
measure  his  personally  gained  knowledge  against  the 
published  knowledge  of  the  whole  engineering  pro- 
fession? By  such  a  measure,  how  little  every  one  of 
us  becomes,  our  personal  achievements  dwindling  to  a 
],icayune  in  the  great  gold  reserve  of  the  world. 


Oregon's  Vote  of  $6,000,000  for 
State  Roads  and  Its  Significance 

On  June  5  the  citizens  of  Oregon  voted  $6,000,000 
for  state  roads.  It  is  noteworthy  that  at  the  very  time 
that  some  so-called  leaders  of  public  thought  are  ad- 
vocating curtailment  of  road  building  programs  on 
account  of  war,  the  votes  cast  by  the  citizens  of  an 
entire  state  are  overwhelmingly  in  favor  of  road  build- 
ing on  a  larger  scale  than  ever.  Note  also  that  this  is 
the  first  vote  of  its  kind  since  the  entrance  of  America 
irto  the  world  war. 

Spurred  to  greater  activity  by  the  recent  federal 
appropriation  of  $75,000,000,  many  states  that  had 
hitherto  spent  little  or  nothing  from  the  state  treas- 
uries for  roads,  have  entered  upon  a  comprehensive 
road  building  program.  It  would  be  most  deplorable 
if  penny  wise  and  pound  foolish  propagandists  of  "war 
time  economy"  were  able  to  scare  the  public  into  aban- 
doning any  part  of  the  recently  developed  plans  for 
road   improvement. 


minois  to  Vote  on  a  $60,000,000 
Road  Appropriation 

Although  it  will  not  be  till  a  year  from  this  fall  that 
the  citizens  of  Illinois  will  vote  on  the  $60,000,000 
bond  issue  for  state  roads,  every  civil  engineer  and 
contractor  in  Illinois  should  begin  to  win  converts  to 
this  great  highway  plan.  In  a  nutshell,  the  plan  is 
to  build  about  1,100  miles  of  hard  roads  annually  for 
four  years,  and  "pull  the  state  of  Illinois  out  of  the 
mud." 

It  may  be  objected  that  war  taxes  make  it  inex- 
pedient to  enter  upon  so  large  a  program  of  road 
building.  This  objection  must  be  met  with  the  irre- 
futable fact  that  the  cost  of  hauling  farm  products 
will  be  lowered  to  such  a  marked  degree  wherever 
hard  roads  are  built  that  there  should  be  no  post- 
ponement of  this  road  building  program  on  the  score 
of  economy. 

Although  motor  trucks  can  be  used  on  dirt  roads, 
their  efficiency  is  much  less  than  on  hard  roads.     In 
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rainy  weather  the  dirt  roads  of  Illinois  become  prac- 
tically impassable  for  loaded  vehicles  of  any  kind, 
and  the  heavier  the  load  the  more  certain  it  is  that  it 
can  not  be  hauled  to  market  through  the  mud  that 
makes  Illinois  famous. 

The  proposed  Illinois  road  system  has  been  scien- 
tifically laid  out  by  the  State  Highway  Department, 
connecting  the  102  county  seats  with  one  another  and 
with  the  important  cities  of  the  state.  Motor  vehicle 
licenses  are  to  be  doubled,  through  a  liill  just  signed, 
and  these  licenses  will  alone  pay  the  interest  on  the 
$60,000,000  of  bonds.  The  principal  will  be  retired 
through  taxes  spread  over  a  period  of  20  years,  mak-. 
ing  only  $3,000,000  a  year  to  be  raised  by  this  great 
and  prosperous  state. 


"The  Honor  System  in  Con- 
tracting" 

At  the  last  annual  convention  of  the  Texas  Associa- 
tion of  Civil  Engineers  Mr.  F.  A.  Jones  read  a  paper 
having  the  title  above  given.  The  "honor  system"  that 
he  advocates  is  the  cost  plus  a  fee  system,  which  his 
experience  leads  him  to  prefer  to  a  lump-sum  or  unit- 
price  form  of  contract. 

Without  doubt  Mr.  Jones  is  one  of  many  engineers 
who  have  gradually  been  won  over  to  advocacy  of  some 
form  of  "cost  plus"  contract.  In  the  road  field  it  has 
long  been  a  matter  of  serious  concern  to  highway  en- 
gineers that  so  many  contractors  fail  to  complete  their 
work  at  a  profit;  for  when  a  contractor  is  losing  money 
there  is  not  only  a  strong  incentive  to  slight  the  work 
but  to  use  the  least  deviation  from  specifications  or 
design  as  a  basis  for  a  claim  for  "extras"  that  are  ex- 
orbitant. Each  season  brings  a  new  crop  of  road  con- 
tractors into  the  field,  and  they  are  usual'y  men  of 
little  or  no  experience,  in  consequence  of  which  they 
bid  too  low  on  work  and  become  the  season's  "suc- 
cessful bidders." 

This  condition  certainly  calls  for  some  sort  of  rem- 
edy. Shall  it  be  secured  through  the  rejection  of  the 
bids  of  inexperienced  men?  Or  shall  the  cost  plus  a 
fee  contract  be  adopted?  Or  shall  road  work  be  done 
by  day  labor  instead  of  by  any  form  of  contract? 
These  are  the  three  questions  that  recur  with  in- 
creasing frequency. 


One  Cause  of  High  Prices  for 
Roadwork  and  a  Remedy 

Recently  18  bids  were  received  for  county  road  work 
at  prices  not  much  above  those  of  last  year,  while  no 
bids  at  all  were  received  for  a  road  by  the  state  high- 
way department  in  the  same  state.  Inquiry  reveals 
what  appears  to  be  the  main  reason  for  this  difference 
between  county  and  state  road  contractors.  The  roads 
were  of  the  same  class,  but  the  state  prescribed  a 
time  limit  with  a  penalty  clause,  whereas  the  county 
provided  that  the  time  limit  would  be  extended  if  suf- 
ficient labor  could  not  be  secured  at  reasonable  rates 
or  if  delays  were  experienced  in  securing  materials. 

This  instance  proves  quite  conclusively,  we  think, 
that  a  considerable  part  of  the  high  prices  bid  by  road 
and  street  contractors  is  of  the  nature  of  insui'ance 
against  the  unusual  risks  begotten  by  war  conditions. 
Hence  if  the  risk  is  assumed,  at  least  in  part,  by  the 
public,  contract  prices  will  fall. 

City,  county  and  state  engineers  will  do  well  to  con- 


fer with  contractors  before  writing  the  terms  of  con- 
tracts, particularly  as  to  time  limits.  If  this  is  done, 
we  doubt  not  that  many  an  old  form  of  contract  will 
be  revised,  for  the  common  sense  of  engineers  is  cer- 
tainly not  less  than  that  of  business  men  who  are  daily 
entering  into  contracts  for  goods  provisional  upon 
ability  to  secure  cars  and  materials. 


The  New  Year  Book  of  the  Am- 
erican Highway  Association 

The  sixth  annual  edition  of  the  Good  Roads  Year 
Book  is  now  available  to  road  builders  (address  Amer- 
ican Highway  Association,  Colorado  Bldg.,  Washing- 
ton, D.  C). 

In  the  556  pages  of  this  volume  there  is  a  great  deal 
of  useful  information,  grouped  under  three  general 
heads :  Part  I  gives  information  regarding  road  im- 
provements under  federal,  state,  territorial  and  local 
control.  In  the  218  pages  of  this  section  of  the  book 
are  to  be  found  brief  summaries  of  state-aid  road  laws, 
convict  labor  laws,  progress  reports  as  to  road  mile- 
age, automobile  licenses  and  other  monies  annually 
available  for  roads,  the  names  of  highway  oflScials,  etc. 

Part  II  contains  almost  200  pages  on  the  construc- 
tion and  maintenance  of  rural  roads  of  every  type. 
This  section  has  been  contributed  by  eminent  high- 
way engineers,  and  forms  an  admirable,  succinct 
lesume  of  the  latest  and  best  road  practice. 

Part  111  is  mainly  statistical,  and  in  its  100  pages 
includes  the  names  and  addresses  of  3,000  contractors 
who  bid  on  road  work  in  1916.  It  gives  a  bibliography 
of  about  250  books,  reports  and  pamphlets  relating  to 
highway  work.  To  every  highway  engineer  and  stu- 
dent of  highway  construction  and  maintenance  this 
bibliography  will  be  invaluable.  The  bibliography  in- 
cludes neither  articles  in  periodicals  nor  publications 
of  state  or  federal  highway  departments.  While  it 
has  been  wise  to  exclude  articles,  because  their  num- 
ber is  legion,  we  think  it  would  be  greatly  appreciated 
by  engineers  if  titles  of  federal  and  state  road  bulle- 
tins were  included. 

This  is  a  book  that  should  be  in  the  hands  of  every 
road  builder. 


Wheel 


Experimental     Data     on 
Loads  Needed 

What  area  is  in  contact  with  a  road  surface  for  a 
wheel  with  a  steel,  solid  rubber  or  pneumatic  tire? 
How  is  the  pressure  distributed  over  the  area  in  con- 
tact? What  are  the  comparative  elasticities  of  wheels 
and  pavements?  What  is  the  effect  of  impact  on  pave- 
ments? These  questions  are  fundamental  to  a  suc- 
cessful study  of  foundations  and  the  traffic  limits  of 
various  pavements. 

There  appears  to  be  but  little  experimental  data 
on  this  important  subject.  Road  authorities  and  en- 
gineers have  devoted  much  time  to  the  discussion  of 
various  pavements  and  weighty  opinions  are  given. 
Upon  analysis  such  opinions  are  in  general  based  on 
personal  experience  only,  and  while  of  great  value  to 
the  one  are  of  but  little  use  to  those  unfamiliar  with 
the  local  conditions  upon  which  the  opinions  are 
based. 

We  suggest  more  experimental  data  on  wheel  loads 
and  less  "confession  of  ignorance"  by  resorting  to  the 
age-old  "matter  of  judgment"  excuse. 
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Logic  for  Engineers— Induction 
and  Deduction 

By  HALBERT  P.  GILLETTE 

[The  previous  articles  of  tliis  series  are:  1 — Energy'  and 
Cause-Effect.  Jan.  31;  II— Tlie  Senses  and  Feelings.  Feb.  2S:  III 
— The  Categories  of  Energy  (Number).  Mar.  28;  IV — The  Cate- 
gories of  Energy  (Space  and  Time).  April  11;  V— The  Cate- 
gories of  Energj-  (Mass).  May  9;  VI— An  Explanation  of  Ment.-.I 
^' May    30.] 


Inference.  Logicians  commonly  give  three  classes 
of  reasoning  or  inference:  (1)  Reasoning  from  a  par- 
ticular case  to  a  particular  case;  (2)  Reasoning  from 
several  particulars  to  a  universal  conclusion;  and  (3) 
Reasoning  from  a  universal  to  a  particular  conclusion. 

The  first  of  these  is  called  analogical  inference;  the 
.second,  inductive  inference;  and  the  third,  deductive 
or  syllogistic  inference. 

Illustrative  of  analogical  inference  is  the  conclusion 
that  because  the  bite  of  one  snake,  A,  has  been  poison- 
ous, the  bite  of  another  snake,  B,  will  be  poisonous. 

Illustrative  of  inductive  inference  is  the  conclusion 
that  because  the  known  bites  of  all  rattlesnakes  have 
been  poisonous,  the  bites  of  all  rattlesnakes,  past, 
present  and  future,  are  poisonous. 

Illustrative  of  deductive  inference  is  the  conclusion 
that  because  the  bites  of  all  rattlesnakes  are  poison- 
ous, the  bite  of  a  particular  rattlesnake,  A,  will  be 
poisonous. 

Prof.  Thomas  Case  says: 

"Inference  is  that  mental  operation  which  proceeds  by  com- 
bining two  premises  so  as  to  cause  a  consequent  conclusion.  .  .  . 
It  requires  the  combination  of  at  least  two  premises  to  infer  a 
conclusion  different  from  both.  .  .  .  Though  the  premises  con- 
tain the  conclusion,  neither  premise  alone  contains  it."  (Logic, 
Encyclopedia  Eritannica. ) 

If  my  explanation  of  automatic  induction  and  de- 
duction, given  in  my  last  article,  is  correct,  and  if 
volitional  thinking  has  evolved  from  automatic  think- 
ing, then  it  is  not  true  that  inference  is  a  combina- 
tion of  two  premises  to  produce  a  conclusion  differ- 
ing from  both  of  them. 

A  premise  is  a  judgment,  or  a  proposition  that  ex- 
presses belief.  We  certainly  do  not  combine  two  judg- 
ments when  we  observe  a  thing,  nor  do  we  do  so  when 
we  remember  a  thing.  Yet  we  reason  or  infer  when 
from  an  observation  of  one  characteristic  of  a  thing 
we  are  led  to  remember  another  characteristic  of  the 
thing. 

When  a  man  observes  a  deer's  track  he  remembers 
that  the  peculiar  shape  and  size  of  this  mark  in  the 
earth  is  the  sort  of  mark  that  he  has  seen  a  deer 
make;  and  this  memory  alone  constitutes  his  inference 
that  some  deer  made  the  track  that  he  now  sees.  We 
saw  in  the  last  article  that  a  deer  infers  the  pres- 
ence of  a  lion  by  smelling  its  peculiar  odor,  and  that 
the  deer  also  infers  consequent  risk  of  death  to  it- 
self. Yet  the  automatic  deductive  inference  of  the 
deer  involves  no  process  other  than  observation  of  a 
given  thing  and  memory  of  other  things  associated 
therewith. 

We  may  employ  the  artifice,  if  we  wish,  of  calling 
a  complex  sense-record  one  judgment  or  premise;  the 
activating  of  part  of  that  sense-record  we  may  call 
another  judgment  or  premise;  and  the  replaying  of 
the  rest  of  the  complex  sense-record  we  may  call  a 
third  judgment  or  inferred  conclusion.  But  we  should 
not  let  such  an  artificial  demarkation  and  numbering 
of  parts  confuse  our  understanding  of  the  entire  proc- 
ess of  deductive  reasoning,  as  I  believe  it  has  been 
confused  by  logicians  from  Aristotle  to  date. 


Thus  Mill  says: 

Induction  is  a  process  of  inference;  it  proceeds  from  the 
known  to  th*  unknown.  ...  It  is  inferring  something  unob- 
served from  something  observed. 

Thus,  the  generalization  that  "all  crows  are  black" 
is  a  passing  from  the  "known"  fact  all  crows  thus- 
far  seen  by  man  have  been  black  to  a  generalizatior 
that  asserts  that  even  the  as  yet  unseen  and  unknown 
crows  will  all  be  black.  Until  we  come  to  the  articles 
on  Classes  and  Class  Marks,  and  on  Mathematical  De- 
duction, we  must  defer  discussion  of  this  seeming- 
mystery  of  a  passing  from  the  known  to  the  unknown 
by  a  process  of  reasoning.  But  it  may  be  said  now 
that  there  is,  literally  speaking,  no  such  thing  as  "pro- 
ceeding from  the  known  to  the  unknown"  by  a  purely 
mental  process  of  combining  two  judgments  or  prem- 
ises. The  false  doctrine  that  such  a  thing  is  possible 
accounts  for  countless  fruitless  attempts  to  arrive  at 
increased  knowledge  merely  by  "logically  combining"" 
pre-existing  facts.  Sir  Francis  Bacon  was  among  the 
first  to  protest  against  such  attempts,  but  he  failed 
entirely  to  perceive  the  fruitfulness  of  reasoning  by 
analogy  or  hypothetical  deduction  as  a  means  of 
guiding  the  mind  to  the  perception  of  new  facts. 

The  Will.  Although  man  has  invented  mechanical 
devices,  notably  the  camera  and  the  phonograph,  that 
resemble  the  receiving  action  of  two  sense  organs, 
nothing  exists,  either  among  human  contrivances 
or  in  inanimate  nature,  that  seems  to  bear  resem- 
blance to  the  Will.  By  Will  is  here  meant  the 
mental  power  that  directs  attention  to  a  given 
thing  and  determines  upon  an  action.  Since  we 
know  of  nothing  resembling  this  mental  power,  it 
transcends  explanation  in  the  present  state  of  our 
knowledge,  and  may  ever  continue  such  transcend- 
ence. Coming  to  this  non-explained  mental  energy — 
spirit,  ego,  what-not — let  us  call  it  Will.  To  define 
it  in  terms  of  other  energies  is  at  present  impractica- 
ble. But  we  can  state  what  the  Will  does,  although 
we  remain  ignorant  of  what  the  Will  is. 

The  Will  has  the  power  to  move  the  "switches"  of 
the  brain.  The  Will  may  be  said  to  focus  attention' 
upon  a  given  sense-record,  and  thus  cause  the  given 
record  to  become  active.  Sense-records  become  ac- 
tive ether  in  this  way — i.  e.,  by  the  action  of  the  Will 
— or,  automatically.  If  the  Will  firmly  directs  atten- 
tion upon  a  given  muscular  sense-record,  thus  mak- 
ing the  sense-record  active,  the  muscles  will  repro- 
duce the  action  recorded  on  the  sense-record. 

That  the  Will  is  itself  a  physical  or  chemical  energy 
is  evident,  for  long  concentration  of  attention  pro- 
duces weariness.  There  is  a  consciousness  of  effort 
in  willing  or  attending  to  a  sense-record. 

The  Will  is  limited  in  its  capacity  to  attend  to 
many  sense-records.  Close  attention  to  one  sense- 
record  involves  at  least  partial  and  often  total  ob- 
livion to  other  sense-records. 

Volitional  Induction.  Automatic  induction  grad- 
ually evolved  what  is  commonly  called  induction,  or 
what  may  be  called  volitional  induction.  For  when 
the  Will  acquired  the  power  to  focus  attention  upon 
any  desired  sense-record  there  evolved  a  means  of 
classifying  similar  sense-records.  Thus  it  became 
possible  voluntarily  to  group  together  those  sense- 
records  that  possess  similarities.  To  illustrate:  A 
savage  seeking  food  observes  that  an  animal  leaves  a 
footprint  in  the  soft  earth  near  a  drinking  pool.  Hfr 
remembers  that  he  has  seen  similar  tracks  before  at 
this  pool,  and,  as  he  reflects,  he  recalls  pool  after  pool' 
surrounded  by  tracks.  He,  therefore,  forms  a  men- 
tal picture  of  tracks    as    invariably    surrounding    a 
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drinking  pool.  Expressed  verbally  this  mental  pic- 
ture would  be  stated  thus:  All  drinking  pools  are 
surrounded  by  animal  tracks. 

This  volitional  generalization  differs  only  in  one 
respect  from  an  automatic  generalization,  namely  that 
it  was  arrived  at  by  reflecting  or  voluntarily  reproduc- 
ing many  old  sense-records  of  different  drinking  pools, 
and  noting  their  uniform  quality  of  having  tracks  in 
the  moist  earth  around  the  pools.  Precisely  the  same 
generalization  about  drinking  pools  might  be  formed 
automatically  by  an  animal  not  capable  of  voluntarily 
recalling  old  sense-records.  The  animal  would  see 
pool  after  pool,  and  if  there  always  were  tracks  also 
seen  its  composite  mental  picture  of  drinking  pools 
would  include  tracks.  So  the  animal'.s  automatic  gen- 
eralization would  also  be  equivalent  to:  All  drinking 
pools  are  surrounded  by  animal  tracks. 

Let  a  savage  witness,  for  the  first  time,  an  attack  of 
a  lion  upon  a  herd  of  deer  at  the  drinking  pool.  Now, 
suppose  the  savage  conveys  to  other  savages  an  ac- 
count of  the  attack  he  has  witnessed,  and  is  told,  in 
turn,  by  each  of  them  that  they  have  witnessed  similar 
rushes  of  a  large,  roaring,  tawny  beast  upon  deer  at 
drinking  pools.  The  savage  would  then  generalize 
thus:  Evei\v  large,  roaring,  tawny  animal  attacks 
deer. 

The  savage  has  arrived  at  precisely  the  same  in- 
duced generalization  as  the  deer  has  arrived  at,  and  in 
a  manner  quite  similar.  The  deer  has  automatically 
generalized  through  the  progressive  scribing  of  simi- 
lar sense-records  on  its  brain,  and  has  inherited  sim- 
ilar records.  The  man  has  voluntarily  generalized 
through  the  comparison  of  his  own  sense-records  with 
similar  sense-records  transmitted  to  him  in  words  and 
signs  by  his  associates.  The  ultimate  distinction,  then, 
is  found  to  lie  solely  in  the  difference  between  auto- 
matic and  voluntary  reproduction  of  sense-records. 

This  conclusion  is  of  the  greatest  import.  We 
are  now  in  position  to  see  the  fallacies  that  ex- 
ist in  all  published  explanations  of  the  process 
of  reasoning  from  particular  instances  to  general 
conclusions,  or  induction.  From  Aristotle's  day 
to  this,  induction  is  described  as  the  process  of  "com- 
Tiining  two  judgments  to  produce  a  third."  As  a  mat- 
ter of  fact,  induction — whether  automatic  or  volun- 
tary— is  a  process  of  building  up  a  sense-record  that 
will  always  synchronize  with  certain  energy-groups. 

The  sense-record  that  I  have  formed  of  the  sort  of 
animal  called  "lion"  is  an  induction.  The  word  "lion" 
is  not  itself  an  induction,  but  my  sense-record  of  a 
"lion"  is  an  induction,  and  I  must  state  at  least  part 
of  the  induction  the  moment  I  define  the  word  "lion," 
Defining,  as  we  shall  see  later,  consists  in  naming  a 
few  of  the  prominent  characteristics  of  a  thing;  but 
to  state  a  characteristic  is  itself  to  state  a  generaliza- 
tion— an  induction — about  a  thing. 

In  automatic  induction  there  is  evidently  not  a 
"combining  of  two  judgments  to  produce  a  third,"  but 
a  repeated  scribing  of  similar  picture  upon  similar 
picture,  until  a  general  picture  of  related  things  is 
formed.  Voluntary  induction  is  exactly  the  same  sort 
of  process,  but  it  is  greatly  aided  by  the  will.  Instead 
of  waiting  for  similar  phenomena  to  happen,  the  will 
can  direct  attention  to  similar  instances  that  have 
happened,  can  conduct  a  search  for  other  instances, 
and  can  cause  instances  to  happen. 

If  we  choose  we  may  artificially  segregate  sense- 
records  into  several  classes.  For  example,  into  (1) 
inherited  sense-records  or  instinctive  knowledge,  and 
(2)  personal  sense-records  or  acquired  knowledge.  But 
let  it  not  be  overlooked  that  so-called  acquired  knowl- 


edge is  a  complex  of  facts  the  basic  elements  of  which 
are  all  inherited.  As  an  other  example,  we  may  arti- 
ficially classify  sense-records  into  (1)  those  acquired 
by  immediate  perception,  and  (2)  those  acquired  by  a 
perception  arising  from  long  and  careful  study.  Thus 
a  sense-record  of  a  lion  formed  upon  first  seeing  and 
hearing  a  lion  yields  knowledge  of  the  salient  char- 
acteristics of  lions,  such  as  the  size,  shape,  color  and 
voice.  Every  subsequent  perception  of  a  lion  intensi- 
fies these  marks,  until  such  a  generalization  as  this 
may  be  formulated:  Every  lion  is  tawny  and  roars. 
If  we  choose,  we  may  call  a  generalization  thus  de- 
rived by  repeated  direct  observation  by  some  other 
name  than  an  induction ;  and  we  may  reserve  the  word 
induction  either  for  some  more  complex  process  of  ob- 
servation or  for  one  involving  search  for  less  readily 
perceived  characteristics.  But  let  it  be  noted  that  be- 
tween the  easy  and  the  difficult,  the  simple  and  the 
complex,  the  brief  and  the  long,  there  is  no  precise 
line  of  demarkation. 

Volitional  Deduction.  As  we  have  seen,  auto- 
matic deduction  may  be  separated  into  two  steps. 
First,  the  making  of  an  old  sense-record  active,  due  to 
synchronism  with  a  similar  thing  newly  sensed;  and, 
second,  the  automatic  reproduction  of  subsequent 
parts  of  the  old  sense-record,  as  when  the  odor  or  roar 
of  a  lion  makes  the  deer  infer  the  lion's  attack.  Voli- 
tional deduction  follows  precisely  the  same  order  as 
automatic  deduction,  and  the  process  is  the  same,  ex- 
cepting only  that  the  will  directs  attention  to  the  parts 
of  the  sense-record. 

Thus,  the  savage,  hearing  the  roar  of  a  lion,  de- 
duces the  presence  of  the  beast.  His  deduction,  ex- 
pressed in  words,  takes  this  form: 

(1)  Every  lion  roars  so  and  so,  is  tawny,  large,  fero- 
cious, etc. 

(2)  This  thing  roars  so  and  so. 

(3)  Therefore,  this  thing  is  tawny,  large  and  fe- 
rocious, etc.,  and  is  a  lion. 

In  other  words,  by  sensing  one  or  more  of  the  char- 
acteristics of  a  lion,  the  savage  infers  the  rest  of  its 
characteristics.  That  is,  the  savage  deduces  that  this 
particular  roaring  thing  is  a  lion. 

If  a  man  hears  a  caw,  although  he  may  not  see  the 
crow  that  makes  it,  he  infers  the  presense  of  a  crow. 
Formally  stated,  his  reasoning  takes  this  form. 

(1)  All  crows  caw  and  are  black. 

(2)  This  thirl?  caws. 

(3)  Therefore,  this  thing  is  a  crow  and  is  black. 
In  general,  then,  the  process  of  deduction  consists  in 
deciding  that  a  thing  belongs  to  a  given  class  because 
it  has  certain  characteristics  of  the  given  class;  or.  in 
other  words,  it  is  inferred  that  it  has  all  the  other 
class  characteristics  because  it  has  some  of  them. 

Let  us  now  contrast  this  theory  of  deduction  with 
the  old  theory  that  still  prevails — the  syllogistic 
theory  fathered  by  Aristotle.  A  syllogism  consists  of 
a  (1)  major  premise,  a  (2)  minor  premise,  and  a  (3) 
conclusion  formed  by  combining  the  subject  of  the 
minor  with  the  predicate  of  the  major,  thus: 

(1)  All  crows  are  black. 

(2)  This  thing  is  a  crow. 

(3)  Therefore,  this  thing  is  black. 

The  "combination  of  two  judgments  produces  a 
third  judgment"  or  conclusion,  according  to  this  syl- 
logistic theory.  The  Aristotle  syllogism  has  impressed 
some  men  as  being  childish,  and  it  has  been  criticised 
by  many  reasoners  on  the  ground  that  it  "begs  the 
question."  But  it  seems  to  me  that  its  great  underly- 
ing defect  has  never  been  pointed  out.     Contrast  the 
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syllogism  just  given  with  the  example  of  the  actual 
order  of  deductive  reasoning  previously  cited,  namely: 

(1)  All  crows  caw  and  are  black. 

(2)  This  thing  caws. 

(3)  Therefore,  this  thing  is  a  crow  and  is  black. 
We  do  not  here  have  two  mental-pictures  combining 

to  produce  a  third  mental-picture.  What  we  do  have 
is  one  mental-picture  recognized  as  being  part  of  a 
larger  mental-picture.  The  caw  coming  from  a  tree  is 
the  mental-picture  (2)  that  is  part  of  a  larger  mental- 
picture  (1),  namely,  that  of  a  crow  and  its  environ- 
ment. This  is  quite  a  different  process  than  that  illus- 
trated in  the  Aristotelean  syllogism. 

If  the  Aristotelean  syllogism  really  obscures  the 
actual  process  of  deduction,  as  I  believe  it  does,  then 
we  should  expect  to  find  controversies  among  logicians 
about  the  nature  of  deduction,  and  we  do.  We  should 
also  expect  to  find  confusion  as  to  the  difference  be- 
tween induction  and  deduction,  and  we  do.  Mill  con- 
tends in  one  place  that  all  inference  is  inductive 
and  that  the  syllogism  is  only  a  process  of  "interpre- 
tation," yet  in  another  place  he  contradicts  himself 
by  contending  that  all  induction  is  really  syllogistic. 
In  this  last  opinion  he  merely  agrees  with  Aristotle, 
who  regarded  all  induction  as  a  special  form  of  syl- 
logism. 

As  the  inevitable  consequence  of  belief  in  the  Aris- 
totelean syllogism  there  evolved  what  is  known  as  a 
system  of  "formal  logic,"  in  which  verbal  propositions 
are  treated  as  if  they  were  equations,  by  the  combina- 
tion of  two  of  which  a  third  is  derived.    Thus: 

(1)  aisb. 

(2)  e  is  a. 
■(3)   cisb. 

Qualitative  deduction  would  indeed  be  a  simple 
process  if  it  consisted  merely  in  combining  two  verbal 
propositions  to  form  a  third.  Then  such  reasoning 
would  be  quite  as  mechanical  as  the  process  of  com- 
bining two  equations.  But,  unfortunately  for  those 
who  would  thus  travel  a  royal  road  to  knowledge,  de- 
ductive reasoning  does  not  take  any  such  form  as  the 
syllogism  of  Aristotle  implies  or  the  mathematical 
syllogism  of  the  "formal  logicians"  asserts. 

In  a  later  article  on  Quantitative  Deduction  I  will 
show  that  mathematical  or  quantitative  deduction  is 
not  merely  deductive  inference  but  a  mechanical  proc- 
ess, and  that  it  consequently  differs  radically  from 
qualitative  deduction. 

Induction  is  a  process  of  grouping  similar  things 
into   a   class   having  known   characteristics   or  class 


Cost  Data  on  Operation  of  Small 
Maintenance  Trucks 

By  FRANK  T.  SHEETS. 

Asssistant  Maintenance  Engineer     Illinois    State     Highway 

Department. 

The  Illinois  State  Highway  Department  now  has  in 

operation    five   small   maintenance   trucks   which   are 

used  in  keeping  up  the  widely  scattered  mileage  of 


Ford    with    Smith    Form-a-Truck    Attachment    IVI  aintenance    Truck 
Used   by   Illinois  State   Highway   Department. 

state  aid  roads  in  Illinois.     The  principal  work  con- 
sists of  filling  cracks  in  concrete  roads. 

Truck  No.   1   is   an   ordinary   Ford   runabout  fitted 


Ford     Maintenance    Tr 


Illinois    State     Highv 


with  a  box  for  hauling  material.  This  truck  pulls  a 
trailer  which  carries  a  heating  kettle  and  miscellane- 
ous tools.    Trucks  No.  3  and  No.  5  are  also  Ford  run- 


REPnRT  OF  TRUCK  OPERATION  FROM  START  OF  SEASON    OF  1917    TO   MAT 
Mileage 

previous  Mileage 

Truck                                                to  this  this                  , Gasoline  used ,  Miles  per  Gasoline  cost. 

No.       Type  of  truck.                 season.  season.  Gallons.  Cost.  gallon.  Cts.  per  mile. 

1.  F'ord   with   trailer 13,265  1,926  118  $28.75  16.3  1.49 

2.  Smith  Form-a-Truck: 

Engine    6,000  1,821  139.5  31.73  13.1  1.74 

Truck  attachment 0 

3.  Fold    4,015  1,376  143  28.61  9.63  2. OS 

4.  Smith    Form-a-Truck 0  1,293  141  27.S5  9.18  2.16 

5.  Ford    0  2,300  151  30.52  15.2  1.33 


Total  cost 
$76.71 


62.03 
45.06 
55.27 


of  operation. 
Cts.  per 
mile. 
3.98 


"marks."  Deduction  (qualitative)  is  a  process  of 
identifying  a  thing  as  belonging  to  a  class  by  virtue  of 
its  possessing  enough  of  the  class  marks  to  insure  its 
possession  of  the  remaining  class  marks.  Deduction  is 
quite  distinct  from  induction,  yet  supplementary  to  it. 


The  state  of  Maryland  has  limited  the  weight  per 
inch  of  tire  for  truck  traffic  to  650  lb.  On  a  few  of 
the  roads  specifically  named  the  limit  is  placed  at  750 
and  on  the  others  at  800  lb. 


abouts  to  which  small  boxes  and  heating  kettles  have 
been  attached.  Trucks  No.  2  and  No.  4  are  Ford  cars 
fitted  with  Smith  Form-a-Truck  attachments.  All  of 
these  cars  have  proved  very  efficient  in  performing  t.he 
class  of  work  required  of  them. 

The  accompanying  table  gives  the  mileage  and  the 
cost  of  operating  these  machines  from  the  beginning  of 
this  spring  to  May  26.  The  heading  "Total  Cost  of 
Operation"  includes  all  incidental  repairs,  but  does 
not  include  salary  of  operator,  interest  on  the  invest' 
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ment,  depreciation  or  the  first  cost  of  tires.  Experi- 
ence indicates  that  the  cost  of  tires  will  average  about 
$5  per  tire  per  1,000  miles  run. 

The  maintenance  of  state  aid  roads  is  under  the 
general  supervision  of  W.  W.  Marr,  Chief  State  High- 
way Engineer. 


Haulage  Methods  and   Cost  Data 
on  National  Road  Improve- 
ment in  Ohio 

Work  has  been  underway  for  the  past  two  or  three 
years  on  the  reconstruction  of  the  National  Road 
through  Ohio.  At  the  end  of  1916,  93  miles  had  been 
completed  or  was  in  process  of  construction.  In  car- 
rying out  this  work  the  haulage  of  materials  was  a 
diflicult  problem  for  the  contractors.  All  four  of  the 
chief  means  were  employed.  About  one-third  of  the 
materials  required  to  construct  this  9.3  miles  of  high- 
way were  delivered  by  teams,  another  third  by  indus- 
trial railway  trains,  and  the  remaining  third  should 
be  about  equally  divided  between  motor  trucks  and 
traction  engines.  In  a  paper  presented  at  the  last 
annual  meeting  of  the  Ohio  Engineering  Society  Mr. 
Robert  N.  Waid,  Division  Engineer  of  the  State  High- 
way Department,  comments  briefly  on  the  hauling 
methods. 

The  traction  engine  train,  according  to  Mr.  Waid, 
was  perhaps  the  least  adjustable  to  the  varying  con- 
ditions. It  appeared  best  adapted  to  fairly  level, 
straight  roads,  which  have  not  been  paved,  where  the 
average  haul  was  not  less  than  I2  mile.  The  cost  of 
hauling  by  this  method,  on  the  improvement  under 
consideration,  has  been  24  ct.  per  ton  mile. 

Hauling  by  motor  truck  was  quite  successful.  The 
large  7-ton  trucks,  which  were  first  tried,  did  not  work 
as  well  as  the  lighter  3-ton  trucks,  and  several  of  the 
heavy  trucks  were  exchanged  for  lighter  ones.  No 
motor  trucks  were  used  where  the  average  haul  was 
less  than  2  miles.  The  cost  per  ton  mile,  where  the 
trucks  were  successful,  was  about  14  ct. 

In  the  24-mile  concrete  section  west  of  Zanesville 
and  on  the  7-mile  brick  section  west  of  Cambridge,  a 
3-ft.  gauge  industrial  railway  was  used  to  transport 
materials.  The  two  chief  troubles  encountered  con- 
sisted in  operating  over  grades  which  exceeded  5  per 
cent  and  in  maintaining  the  track  after  it  had  been 
down  over  winter.  The  actual  cost  of  operation  and 
maintenance  was  about  11  ct.  per  ton  mile.  The  heavy 
investment  for  equipment,  however,  largely  offset  the 
low  cost  of  operation. 

The  following  cost  data  for  the  National  Road  im- 
provement are  given  by  Mr.  Waid  in  his  paper: 

The  average  cost,  to  the  several  contractors,  for 
grading  was  approximately  40  ct.  per  cubic  yard.  All 
classes  of  excavation  for  drainage  structures  cost  on 
an  average,  $1.15  per  cubic  yard.  Mixing  and  placing 
concrete  in  the  small  culverts  cost  $1.60  per  yard.  The 
cost  of  laying  rubble  masonry  was  $1.85  per  cubic 
yard.  The  labor  cost  for  building  forms,  for  the  con- 
crete culverts,  was  $1.22  for  each  cubic  yard  of  con- 
crete. The  cost  of  placing  the  reinforcing  steel  in  the 
drainage  structures  was  55  ct.  per  100  lb. 


Recent  road  legislation  in  New  Hampshire  forbids 
any  person  or  corporation  from  excavating  or  disturb- 
ing the  surface  of  any  state,  trunk  line  or  state  aid 
road  except  in  case  of  emergency  without  written 
approval  of  the  state  highway  department. 


Snow  Fighting  vs.  Snow  Removal 
at  New  York  City 

New  methods  of  snow  removal  inaugurated  in  New 
York  City  by  Mr.  J.  T.  Fetherston,  Commissioner  of 
Street  Cleaning,  have  more  than  threbled  the  rate  of 
removal  and  also  have  reduced  the  cost  68  per  cent. 
Under  the  new  plan  the  old  system  of  removal  by  con- 
tractors has  been  amended  so  that  the  city  now  does 
the  larger  part  of  the  work  by  the  direct  employment 
of  labor  and  the  use  of  department  equipment.  The 
following  outline  of  the  methods  employed  is  taken 
from  the  recently  issued  report  of  the  Department  of 
Street  Cleaning,  covering  the  year  ending  Dec.  31, 
1916: 

Owing  to  contracts  in  existence  when  the  present 
administration  assumed  direction,  application  of  the 
new  principles  was  confined  in  the  winter  of  1913-1914 
to  a  limited  use  of  sewers  for  snow  removal.  As  a  re- 
sult of  the  winter's  experience  and  tests  that  were 
made,  it  became  apparent  that  the  city  had  had  avail- 
able for  years  a  possible  solution  of  the  problem  of 
rapid  snow  removal,  through  the  extensive  use  of 
sewers,  not  alone  after  a  snowfall,  but  during  the 
progress  of  the  storm.  The  experience  of  that  winter 
demonstrated  to  the  satisfaction  of  the  administra- 
tion that  snow  work  should  be  started  with  the 
storm  and  clean  snow  dumped  into  the  sewers  as  it 
falls.  Such  methods  imply  an  attempt  to  keep  pace 
with  a  storm,  instead  of  trying  to  dig  the  city  out  after 
a  block  has  occurred. 

In  the  summer  and  fall  of  1914  the  Department  made 
preparations  to  apply  during  the  following  season  its 
new  programme  for  handling  snow.  This  preparation 
included  a  thorough  survey  of  the  city's  sewer  system, 
specialized  instruction  of  the  Department's  forces,  en- 
largement of  standard  equipment,  enrollment  of 
emergency  workers  as  "snow  fighters"  and  the  plot- 
ting of  the  city  so  that  practically  50  per  cent  of  its 
entire  area  could  be  cared  for  by  the  simultaneous  at- 
tacks of  the  "snow  fighting"  gangs,  within  four  hours 
after  the  call  to  go  to  work.  Plans  called  for  pushing 
snow  into  sewer  manholes  by  the  use  of  panscrapers 
operated  by  hand,  and  drag-scrapers,  each  drawn  by  a 
single  horse. 

These  plans  did  not  eliminate  contract  snow  re- 
moval, as  large  quantities  of  snow  still  had  to  be 
carted  to  the  river  dumps  or  main  sewers;  nor  did 
they  release  the  city  railways  from  their  obligations 
to  clear  the  snow  from  certain  streets  carrying  rail- 
way tracks.  But  up  to  this  time  the  city  had  de- 
pended upon  trucks  alone  to  haul  snow  from  the 
streets  to  water  front  dumps  and,  consequently,  the 
speed  of  snow  removal  had  depended  upon  the  supply 
of  trucks  available  for  the  work. 

Results  of  the  application  of  the  new  system  during 
the  winter  of  1914-1915,  as  compared  with  preceding 
winters,  showed  that  the  rate  of  removal  doubled  as 
compared  with  the  best  previous  record,  and  that  the 
cost  per  cubic  yard  decreased  67  per  cent  compared 
with  lowest  previous  unit  cost  record.  The  total  fall 
of  snow  for  the  winter  was  22.4  in.,  and  the  total  cost 
of  removal  was  $523,892.  If  the  entire  snowfall  of 
the  winter  had  been  handled  by  contractors'  trucking 
forces  alone,  at  the  lowest  previous  contract  rate 
($0,367  per  cubic  yard),  the  cost  of  the  season's  work 
would  have  amounted  to  $1,584,822.  The  total  area  of 
the  streets  in  the  three  boroughs  scheduled  for  snow 
work  in  the  winter  of  1914-1915  was  32,607,081  sq.  yd., 
or  927  miles  of  streets. 
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When  the  first  snow  of  the  winter  of  1915-16  ar- 
rived, it  found  the  Department  further  strengthened 
by  valuable  additions  to  its  equipment  and  better 
trained  organization;  but  the  beneficial  effects  of  these 
improvements  were  counteracted,  to  some  extent,  by 
the  shortage  of  labor  available  for  emergency  snow 
work.    Schedules  called  for  14,737  emergency  laborers, 


Motor   Snow    Plows    Used    by    Department    of   Street   Cleaning. 

working  in  9-hour  shifts,  while  storms  were  in  prog- 
ress. The  average  number  of  men  secured  was  9,060, 
or  61  per  cent  of  the  required  number.  Use  of  snow 
plows,  designed  by  the  Department  and  attached  to 
commercial  motor-driven  trucks,  aided  in  reducing  the 
effect  of  the  shortage  of  labor.  These  plows  were 
used  for  piling  snow  in  the  center  or  on  the  sides  of 
streets. 

Over  50  in.  of  snow  fell  during  that  winter,  com- 
pared with  the  average  fall  of  32.2  in.  The  total  area 
scheduled  for  snow  work  in  the  three  boroughs  had 
increased  to  33,311,899  sq.     yd.,     which     represented 


Showing    Method   of   Plowing   Snow  to    Middle   of  Street. 

946.17  miles  of  streets.  Nearly  12,000,000  cu.  yd.  of 
snow  (truck  capacity  basis)  were  removed  at  a  gross 
cost  of  $2,521,299.55,  or  at  the  rate  of  21.2  ct.  per  cubic 
yard.  This  was  more  than  double  the  quantity  (truck 
capacity  basis)  removed  by  the  city  during  any 
previous  winter  season,  and  the  cost  was  less  than 
half  the  average  cost  per  cubic  yard  for  the  previous 
7  years.  No  serious  complaints  were  made  regarding 
snow  removal  during  the  season,  which  is  creditable 
to  speedy  action  in  opening  main  arteries  with  auto- 
mobile snow  plows,  employment  of  the  largest  pro- 


curable force  of  emergency  laborers  during  storms 
and  the  use  of  sewers  for  the  disposal  of  snow. 

Including  the  statistics  of  the  snow  storm  of  last 
December,  the  total  fall  of  snow  for  the  calendar  year 
1916  was  54.6  in.;  average  for  the  previous  47  years, 
32.16  in.  The  daily  rate  of  removal  during  1916  was 
198,000  cu.  yd.,  compared  with  the  grand  average,  1907 
to  1915,  inclusive,  of  71,886  cu.  yd.  Rate  of  daily  re- 
moval during  and  following  the  storm  of  Dec.  15  last 
surpassed  all  previous  records.  There  was  a  snowfall 
of  12  in.  The  cubic  yards  removed  totaled  2,178,301. 
Nine  days  were  required  for  completion  of  the  task, 
the  daily  removal  approximating  242,000  cu.  yd.  This 
record  was  achieved  despite  a  shortage  of  labor,  be- 
cause of  the  almost  perfect  working  of  the  system 
established  by  the  Department.  An  important  feature 
was  the  use  of  120  city  snow  plows  driven  by  com- 
mercial motor  trucks. 

The  following  tables  present  statistics  of  snow 
storms  and  show  removal  work  during  1916.  The 
tables  showing  the  area  assigned  to  each  of  the  three 
forces  engaged  upon  snow  work  show  only  slight 
changes  from  the  tables  showing  corresponding  sta- 
tistics in  1915. 

TOTAL.  AREA  AND   MILEAGE   OF   STREETS. 

Street  area.  Length, 

Borough.  sq.  yds.  miles. 

Manhattan     16,201.019  460.25 

The   Bronx    3.774,456  106.89 

Brooklyn     13,250.053  376.08 

Totals     33.225.52S  943.82 

SCHEDULE    FOR    SXOW   FIGHTING    F'ORCE. 

Street  area.  Length, 

Borough.                                                                  sq.  yds.  miles. 

:\lanhattan    12,542,820  356.33 

The    Bronx    3,031.165  86.11 

Brooklyn     8,885,701  252.43 

Totals    24.459,686  694.87 

CONTRACT    SCHEDULE,    MAND.\TORY    STREETS.   ' 

Street  area,  Length, 

Borough.                                                                  sq.  yds.  miles. 

^Manhattan    2,508.981  71.27 

The  Bron.x    309,079  S.7S 

Brooklyn     2,930.400  83.25 

Totals     5-,74S.460  163.30 

STREET   RAILWAY   SCHEDULE. 

Street  area.  Length, 

Borough.                                                                  sq.  yds.  miles. 

Manhattan     1,149,218  32.65 

The    Bronx    434,212  12.00 

Brooklyn     1.433,952  41.00 

Totals    3.017,382  85.65 

DEPTH  AND  WEIGHT  AND  DENSITY  OF  SNOW. 

Density.      Weight  per 

1916.  Depth.      per  cent.  cu.  yd. 

February  2,    3    6.0  .16  269.46 

February  13.    14    6.4  .15  253.80 

March  2    3.2  .09  151.20 

March  G.     7 7.6  .13  218.7 

March  S    4.0  .14  234.9 

.March  10     1.4  .10  167.4 

.March  15,     16 4.1  .11  186.3 

March  21     2.1  .04  67.5 

.March  22    2.9  .23  386.1 

.April    S,    9 2.3  .28  337.5 

December  l.T    12.0  .05  84.4 

52.0 
SNOW    FIGHTIXG    VERSUS    SNOW    REMOVAL. 
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Manhattan     484       11,984       104       210  925       306       171       6G0 

The   Bronx    90         2,860         14         43  139         43         30       105 

Brooklyn     311         7.477         76         82  346         62         54       ISO 

Total     S8&      22,321       194       335       1.410       411       255       945 

•Carried  on  auto  trucks  for  making  minor  repairs  to  auto 
plows  in  the  field. 

tCarried  in  stables  for  making-  repairs  to  auto  plows. 

The  average  daily  rate  of  removal  for  the  two  years 
under  the  old  method  was  51,390  cu.  yd.,  at  an  aver- 
age cost  to  the  city  of  $0,535  per  cubic  yard.  Under  the 
new  method,  the  average  daily  rate  of  removal  for  the 
two  years  was  234,211  cu.  yd.,  at  an  average  cost  of 
$0,188. 


New  York  Specifications  for 
Emulsified  Asphalt 

During  the  season  of  1916  the  State  Commission  of 
Highways  of  New  York  used  a  specification  for  emulsi- 
fied asphalt  that  gave  very  satisfactory  results.  Un- 
der this  specification  approximately  1,500,000  gals,  of 
inaterials  were  purchased  and  during  the  present  sea- 
son about  800,000  gal.  will  be  bought.  It  is  probable 
that  the  specifications  will  be  rewritten  this  season  by 
the  Commission,  so  as  to  include  some  other  asphaltic 
materials,  which  will  enlarge  the  field  of  supply  and 
give  a  material  that  would  in  all  probability  give  as 
good  results  as  were  supplied  under  the  present  speci- 
fication. 

The  1916  specification  for  the  emulsion  is  as  follows: 

SPECIFICATION  FOR  BITUMINOUS  MATERIAL  COLD  PATCH 
ASPHALTIC    EMULSION. 

The  emulsion  must  be  homogeneous. 

It  must  mix  «!th  water  in  all  proportions. 

It  .shall  be  of  such  fluidity  as  to  readily  flow  from  bung  hole 
of  a   barrel. 

Any  material  accepted  at  time  of  shipment,  which  should 
prove  to  be  defective  by  separation  within  30  days  after  date 
of  delivery,  will  not  be  p.aid  for  by  the  Department  of  Highways, 
and  will  remain  the  property  of  the  contractor  except  when 
separation  may  be  caused  by  freezing. 

When  distilled  up  to  a  temperature  of  400'  F..  the  total  loss 
shall  not  exceed  32  per  cent.  Not  over  2  per  cent  shall  be  an 
oil  distillate.  The  residue  from  the  foregoing  distillation  shall 
have    the    following    characteristics; 

(1 )  It  shall  have  a  specific  gravity  at  77°  F.  of  not  less  than 
1.01, 

(2)  The  penetration  shall  be  between  15  and  25  millimeters 
when  tested  for  five  seconds  at  77'  F.  with  a  No  2  needle 
weighted  with  100  grams. 

(3)  Its  solubility  at  air  temperature  in  chemically  pure  carbon 
disulphide  shall  be  at  least  9S.5  per  cent. 

(4)  The  solubility  of  the  bitumen  at  air  temperature  In  76° 
Beaume  parafllne  petroleum  naphtha  distilling  between  140°  and 
190°  F.  shall  be  between  72  and  84  per  cent. 

(a)  The  bitumen  shall  show  between  10  and  15  per  cent  fixed 
carbon. 

(C)     It  shall  not  contain  over  1.0  per  cent  of  ash. 

(7)     It  shall  not  contain  more  than  2.0  per  cent  paraffine  scale. 

(5)  It  shall  have  a  ductility  at  77°  F.  of  not  less  than  40 
centimeters  (Dow  mould). 

(9)  All  cold  patch  asphaltic  emulsion  will  be  sampled  by  an 
engineer  of  the  Department  of  Highways  and  samples  sent  to 
the  Bureau  of  Tests.  Albany.  N.  Y. 


Mirrors  5  ft.  wide  by  3  ft.  high  are  used  on  two 
dangerous  curves  on  a  section  of  road  in  the  Munic- 
ipal Mountain  park  in  the  city  of  Denver,  Colo.  The 
mirrors  are  carried  on  iron  pipes  cemented  into  the 
rock  at  the  side  of  the  road.  Heavy  copper  covered 
wood  frames  are  used  to  hold  the  glass  and  protect  it 
from  moisture.    Each  mirror  cost  $50  in  place. 


Removal  of  Excess  Water  in  Con- 
crete Road  Construction 

Tests  of  different  methods  of  finishing  a  concrete 
surface  in  road  work,  conducted  recently  by  Mr.  A. 
N.  Johnson  in  co-operation  with  Prof.  D.  A.  Abrams 
of  the  Structural  Materials  Research  Laboratory, 
Lewis  Institute,  Chicago,  indicate  that  it  is  possible 
by  proper  manipulation  of  the  concrete  to  secure  in- 
creased .strength  and  density  of  a  character  most  de- 
sirable for  a  concrete  road  surface.  The  tests  and 
their  results  were  described  by  Mr.  Johnson  in  a  paper 
presented  June  28,  before  the  American  Society  of 
Testing  Material,  from  which  the  matter  following  is 
taken. 

In  concrete  road  work,  owing  to  the  method  of  han- 
dling, it  is  of  considerable  convenience  to  use  a  fairly 
wet  mixture.  It  has  been  found,  however,  that  much 
of  the  excess  water  can  be  removed  by  proper  manipu- 
lation of  the  concrete  after  it  is  placed.  As  a  conse- 
quence some  methods  of  finishing  concrete  roads  have 
been  productive  of  exceptionally  good  results.  A 
study  of  the  methods  employed  shows  that  while  they 
difi'er  as  to  detail,  in  each  case  the  concrete  surface 
has  been  so  treated  as  to  remove  a  considerable 
amount  of  the  excess  water,  thereby  making  the  sur- 
face more  compact  and  dense. 

Of  the  diff'erent  methods  which  have  been  observed, 
that  devised  by  Captain  Gaillard,  City  Engineer  of 
Macon,  Ga.,  seems  to  be  the  most  eflScient  and  least  ex- 
pensive. This  method  consists  in  rolling  the  surface 
cf  the  concrete  with  a  light  roller  about  8  in.  in  di- 
ameter and  5  to  6  ft.  in  length,  attached  to  the  end  of 
a  long  pole.  The  roller  is  made  of  light  sheet  metal; 
the  total  weight  of  a  6-ft.  roller  being  in  the  neigh- 
borhood of  70  lb.  The  operator  stands  at  one  side  of 
the  roadway  and  rolls  the  newly  laid  concrete  trans- 
versely to  the  direction  of  the  road. 

This  method  was  originally  developed  to  remove  any 
unevenness  in  the  surface,  but  it  really  accomplishes 
a  very  much  more  important  result  as  it  squeezes  out 
of  the  concrete  much  of  the  excess  water. 

In  order  to  determine  the  effect  on  the  strength  of  a 
concrete  produced  by  the  finishing  method  described 
above,  a  number  of  slabs  were  made  for  testing  pur- 
poses, mixed  and  molded  in  much  the  same  manner 
as  in  concrete  road  work,  the  exact  proportions  of 
water  and  other  materials  being  recorded.  The  prin- 
cipal variation  was  in  the  consistency  of  the  concrete 
and  the  method  of  finishing  the  surface. 

Twelve  slabs,  2^2  ft.  wide,  5^2  ft.  long  and  5  in.  in 
thickness,  were  made  and  tested.  Pebbles  were  used 
as  coarse  aggregate  for  six  of  these  and  crushed  lime- 
stone was  used  for  the  others. 

The  concrete  was  mixed  in  the  proportion  of  1  part 
cement  to  4  parts  total  mixed  aggregate  by  volume — 
a  proportion  approximately  equivalent  to  the  ordinary 
1:2:3  mix.  Three  sets  of  slabs,  two  slabs  in  each  set, 
were  made  from  both  crushed  limestone  and  pebbles 
as  a  coarse  aggregate. 

The  following  consistencies  of  concrete  were  used 
in  the  test: 

1.  Dry  consistency,  finished  with  a  wood  float  in  the 
ordinary  way;  2.  Wet  consistency,  finished  with  a  wood 
float  in  the  ordinary  way;  3.  Wet  consistency,  finished 
by  means  of  a  roller,  as  previously  described. 

The  concrete  for  the  slabs  of  dry  consistency  was 
mixed  as  stiff  as  could  be  easily  handled — stiffer  than 
is  ordinarily  found  in  concrete  road  work.  The  mix- 
tures for  the  remaining  slabs  contained  a  somewhat 
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larger  amount  of  water,  making  a  consistency  that  the  slab.  It  is  to  be  noticed  (see  Table  I)  that  the 
would  ordinarily  be  classed  as  "good"  in  practical  slabs  tested  when  they  were  16  days  old  show  a  con- 
work.     (See  Table  I.)  sistent  increase  in  strength  over  those  15  days  old. 

All  slabs  of  the  stiffer  consistency,  as  well  as  one  With  the  small  number  of  test  specimens,  there  are 

of  the  slabs  of  each  other  set,  were  finished  by  being  not  sufficient  data  to  determine  definitely  any  special 

first  struck  off  with  a  straight  edge  and  then  floated  diff'erence  between  the  strength  developed  by  the  slabs, 

by  hand  with  a  wooden  float.    The  remaining  slabs  of  made  of  pebbles  and  those  with  the  crushed  limestone. 

each  of  the  wet  consistency  sets  were  "finished  by  the  It  is  to  be  noted,  however,  that  the  pebbles  used  were 

use  of  a  roller.     The  concrete  was  left  a  little  more  somewhat    irregular    in    shape,    some    pieces    being 

than  flush  with  the  sides  of  the  mold,  and  instead  of  broken. 

being  struck  at  once  with  a  straight  edge,  it  was  first  The  broken  sections  of  all  slabs,  pai-ticularly  those 

rolled;  the  straight  edge  was  then  used  to  strike  oft'  that  were  rolled,   showed  that  many    pieces    of    the 

what  surplus  concrete  remained.     To  bring  the  full  coarse  aggregate  had  been  broken  apart,  the  number 

weight  of  the  roller — which  was  just  long  enough  to  of  broken   pieces   being  considerably   greater  in  the 

rest  upon  the  side  forms — on  the  concrete  the  slab  was  rolled  slabs  than  in  those  not  rolled.     There  was  no 

rolled  transversely  at  intervals  of  about  15  minutes  difference  especially  noticeable  in  this  particular,  be- 

for  IV2  hours,  five  rollings  being  made.     The  roller  Iween  the  slabs  made  of  the  limestone  and  those  made 

was  moved  back  and  forth  over  the  width  of  the  slab,  of  the  pebbles. 

moving  sidewise  a  few  inches  with  each  stroke.     As  The  results  of  the  tests  are  shown  in  Table  I.    The 

each    rolling    was    made,    considerable    water    was  noticeable  fact  is  that  those  slabs  finished  with  the 

squeezed  out  of  the  concrete  and  forced  over  the  sides  loller    developed    a    very    considerable    increase    in 

T.^BLE  I.— RESULTS   OF  TRANSVERSE  TESTS  OF  CONCRETE     SL-VBS     FINISHED     BY     VOOD     FLO.VT     AND  BY     ROLLER. 

Modulus   of  rupture   of  Compressive 

Water  used,           concrete,  lb.  per  sq.  in.  strength    of 

Speci-                                        Age  at         Total                                  Kind  of  course          percentage         Medium        Wet  consistency.  concrete 

men                        .                     test,          applied          Thick-             aggregate.                of  volume       consistency.  Wood-  (6  by  12-in. 

No.                                          days.         load,  lb.       ness.'  in.                                         of  aggregate,    wood-float    float-           Roller  cylinders), 

finish.          finish.           finish,  lb.   per  sq.  in. 

1     Iff                3.300                 5.20                 Pebbles                          15.9                    301                 ...                 ...  

la    15                 3,200                 5.14                 Pebbles                          15.9                    302                 ...                 ...  2,370 

2     15                 3,200                5. IS                 Pebbles                          18.6                    ...                 294                 ...  1760 

2a    15                 3,500                5.27                 Pefcbles                          1S.6                    ...                 311                 ...  1730 

3     15                 3.S50                 5.32                 Pebbles                          IS.ff                    ...                 ...                 331  i  6S0 

3a    15                 3.400                 5.07                 Pebbles                          18.6                    ...                 ...                 325  1.680 

4     15                 4.000                 5.25     Crushed    limestone               15.9                    353                 ...                 ...  'i.lSO 

4a    •. . .  .     16                4.500                5.18     Crushed    limestone               15.9                    405                 ...                  ...  2  290 

6     15                 3,000                 5.11     Crushed    limestone               18.6                     ...                 288                 ...  1,600 

6a    16                 3,750                 5.20     Crushed    limestone               18.6                    ...                 340                 ...  1680 

5     15                 3.650                4.87     Crushed    limestone               18.6                    ...                 ...                 378  1330 

5a    16                 4,950                5.17     Crushed    limestone               18.6                    ...                 ...                 443  1.800 

Average    340  308  369 

'Thickness  of  the  slabs  at  the  broken  sections. 

Note. — Concrete  was  machine-mixed  ir  the  proportion  of  1  part   cement  to   4  parts  aggregate,  by  volume.     Size   of  slabs,   30  by  66 
by  5  in.    Loaded  with  dead  weight  at  points  15   in.   apart  on  5-ft.   span.    Duplicate  slabs  were  made  on  different  days. 


of  the  mold.  The  rolling  continued  until  the  amount 
of  free  water  became  very  small.  No  particular  dif- 
ference in  the  amount  of  rolling  to  effect  this  was  no- 
ticeable for  the  limestone  concrete  and  the  gravel 
concrete.  It  was  noticed,  however,  that  the  roller 
sank  into  the  gravel  concrete  considerably  more  than 
into  the  rock  concrete  during  the  first  one  or  two  roll- 
ings. 

The  roller  used  was  2^2  ft.  long,  6  in.  in  diameter 
and  weighed  about  50  lb.  In  practical  road  work,  an 
8-in.  roller  about  6  ft.  long,  weighing  about  70  lb.,  is 
recommended. 

The  forms  were  removed  the  following  day,  when 
the  slab  was  covered  with  a  layer  of  damp  sand  which 
was  kept  moist  until  the  slabs  were  one  week  old. 
The  sand  was  then  removed  and  the  slabs  lifted  from 
the  floor  and  permitted  to  dry  out  during  the  remain- 
ing 8  days  before  the  load  was  applied. 

The  slabs  were  placed  on  two  supports  spaced  15 
in.  on  centers,  resting  on  the  floor.  A  ball  bearing  on 
the  lower  side  of  one  support  compensated  for  what 
warp  there  might  be  in  the  lower  surface  of  the  slab. 
The  load,  which  consisted  of  100-lb.  sacks  of  sand,  was 
supported  by  two  9-in.  I-beams,  and  was  transmitted 
to  the  slag  through  two  bearings  spaced  5  ft.  apart. 
The  upper  surface  of  the  slab  was  thus  put  in  tension. 
Each  test  was  made  in  the  same  manner,  and  as  far 
as  practicable  the  loads  were  applied  at  the  same  rate 
until  rupture. 

The  appearance  of  the  broken  slabs  disclosed  a 
marked  difference  between  those  finished  with  the 
roller  and  those  finished  with  the  wooden  float.  The 
roller-finished  slabs  showed  a  distinctly  denser  ap- 
pearance, extending  for  at  least  one-half  the  depth  of 


strength  over  the  slabs  merely  hand-finished.  The 
four  slabs  of  wet  consistency  that  were  finished  by 
hand,  have  an  average  modulus  of  rupture  of  308  lb. 
per  square  inch,  while  the  four  slabs  finished  with 
the  roller  have  an  average  modulus  of  rupture  of  369 
lb.  per  square  inch,  or  an  increase  of  almost  20  per 
cent.  As  would  be  expected,  the  slabs  that  were  made 
of  a  stiffer  mixture,  indicated  in  Table  I  as  medium 
consistency,  giving  an  average  modulus  of  340  lb.  per 
square  inch,  are  stronger  than  those  of  the  wet  con- 
sistency, finished  in  the  same  manner;  but  the  wet  con- 
sistency slabs  finished  with  the  roller  are  stronger 
than  those  of  the  medium  consistency,  showing  an  in- 
crease of  nearly  10  per  cent. 

The  results  seem  to  indicate  clearly  the  value  to  be 
gained  by  the  use  of  the  roller  to  finish  a  concrete 
road;  that  it  is  possible  by  proper  manipulation  of 
concrete  to  secure  increased  strength  and  density  of 
a  character  most  desirable  for  a  concrete  road  sur- 
face; and  that  such  surplus  water  as  may  be  required 
to  facilitate  placing  concrete  in  road  work  can  be  ef- 
fectively removed  by  this  simple  expedient. 


A  law  has  been  passed  in  California  which  makes 
the  use  of  highways  by  common  carriers  for  either 
passenger  or  freight  subject  to  regulation  by  the  state 
railroad  commission  in  the  same  way  that  railways 
are  regulated.  This  law  makes  it  necessary  for  any 
person  or  company  proposing  to  engage  in  the  jitney 
or  motor  trucking  business  as  a  common  carrier  to 
first  obtain  a  permit  from  the  governing  body  of  each 
town,  city  and  county  in  or  through  which  it  proposes- 
to  operate. 
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Detailed  Cost  of  Bituminous  Sur- 
face Treatment  Work  at 
Philadelphia 

Bituminous  treatment  of  the  waterbound  macadam 
highways  of  the  city  of  Philadelphia  was  first  started 
by  the  Bureau  of  Highways  in  1912.  At  this  time  only 
a  few  roads  were  in  a  sufficiently  good  condition  to 
warrant  this  treatment.  In  the  last  3  years,  however, 
the  roads  have  been  placed  in  such  excellent  condition 
that  bituminous  surface  treatments  have  been  ap- 
plied to  practically  the  entire  yardage  of  macadam 
roads  throughout  the  city.  The  dirt  roads  and  a  few 
cases  where  macadam  roads  are  not  in  first  class  con- 
dition are  given  a  treatment  of  dust  laying  oil,  which, 
while  it  has  but  slight  influence  on  the  durability  of 
the  road,  does  act  eff'ectively  as  a  dust  layer. 

During  1916,  according  to  an  advance  copy  of  the 


men  leaving  the  city  employ  for  increased  pay,  but  the 
unfortunate  so-called  independent  lackadaisical  atti- 
tude of  the  average  laborer  which  has  decreased  his 
eflSciency  to  a  great  extent.  The  cost  of  the  bituminous 
materials  increased  on  an  average  $.0021  per  square 
yard,  and  the  covering  material  increased  an  average 
of  $.0001  per  square  yard,  or  a  total  of  $.0022. 


Patrol  Work  on  N.  Y.  Highways 

During  1916  the  New  York  State  Highway  Depart- 
ment maintained  by  the  patrol  system,  5,459  miles  of 
low  grade  concrete  and  macadam  pavements  and  gravel 
surfaces  at  a  cost  for  labor  and  material  of  $654,746. 
In  his  last  annual  report  Mr.  Fred  W.  Sarr,  Second 
Deputy  Commissioner,  comments  as  follows  on  this 
method  of  maintenance:  The  efficiency  of  the  patrol 
.system  as  compared  with  the  gang  system  has  been 
questioned,  and  in  sections  where  a  gang  can  be  oper- 
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any   Showing   Detail   Cost  of   Bituminous  Surface   Treatment    Work  In   1916,   by  the   Bureau  of  Streets  of  Philadelphia. 


annual  report  of  Wm.  H.  Connell,  Chief,  Bureau  of 
Highways  and  Street  Cleaning,  185.58  miles  of  country 
roads  were  given  bituminous  surface  treatments,  and 
116.48  miles  were  treated  with  a  dust-laying  oil.  The 
detailed  cost  of  the  1916  work  is  shown  in  the  accom- 
panying tabulation. 

The  first  three  years  the  Bureau  applied  surface 
treatment  a  continuous  decrease  in  unit  costs  was  ob- 
tained, the  cost  per  square  yard  in  1913  being  7.3  ct. ; 
in  1914,  5.8  ct.,  and  in  1915,  5.03  ct.  The  decrease  in 
cost  was  due  both  to  the  decreasing  amount  of  ma- 
terials required  per  square  yard  for  surface  treatment, 
to  the  increased  efficiency  of  the  working  forces  and 
the  more  effective  planning  of  the  work.  The  cost  for 
1916  amounted  to  5.34  ct.  per  square  yard,  but  this  in- 
crease in  cost  was  due  largely  to  the  increase  in  the 
cost  of  materials  and  the  extraordinary  labor  condi- 
tions, which  were  not  only  responsible  for  the  better 


ated  to  advantage  the  patrol  system  has  been  sus- 
pended for  a  time  and  while  the  gang  would  unques- 
tionably perform  more  efficient  work  than  the  average 
patrolman,  it  was  found  that  the  greater  efficiency 
was  more  than  offset  by  the  greater  magnitude  of  the 
v.^ork  required  to  be  performed.  This  statement  is 
qualified  by  the  old  saying  that  "A  stitch  in  time  saves 
nine,"  and  it  was  found  that  the  patrolman  who  was 
over  the  road  every  day  could  perform  the  one  stitch 
in  less  time  and  at  less  cost  for  material  than  where 
the  same  number  of  men  were  combined  in  a  gang, 
with  a  necessarily  greater  mileage  of  highways  to 
maintain,  and  by  reason  of  the  larger  mileage  that  the 
attention  to  each  section  of  highway  was  perhaps  at 
intervals  of  several  weeks,  when  the  nine  stitches 
Vvere  then  required,  which  more  than  offset  the  effi- 
ciency of  the  work  of  the  gang  as  compared  with  the 
average  individual  patrolman. 
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Soil    Texture    and    Stratification 
Affecting  Road  Foundations 

By  CHAS.  K.  THOMAS, 

Assistant  Engineer,    Construction   Service  Co., 
New  York 

Road  foundations  are  largely  controlled  by  drain-, 
age  and  soil  conditions  of  the  immediate  locality. 
Texture  and  Structure  of  Soils. 

Soil  texture  has  reference  to  the  size  of  the  soil 
particles  and  the  proportions  in  which  they  are  ar- 
ranged in  the  soil.  Variations  in  soil  textures  dis- 
tinguish soils,  as  loam,  clay,  sand,  etc. 

Soil  structure  has  to  do  with  the  arrangement  of 
the  soil  particles,  which  is  in  turn  affected  by  organic 
matter  and  water  content. 

Surface  soil  usually  contains  ordinary  organic  mat- 
ter. 

Subsoil  contains  little  organic  matter. 


Fig.5 

Figs.   1-5 — Arrangement  of   Soil   Structures. 

Water  exists  in  soil  under  three  conditions,  (1) 
gravitational,  (2)  capillary  and  (3)  hygroscopic. 

The  natural  movement  of  gravitational  water  is 
downward,  but  this  may  be  affected  by  the  location 
and  texture  of  the  subsoil. 

Capillary  movement  is  due  chiefly  to  surface  ten- 
sion between  the  soil  particles.  Surface  tension  is  a 
function  of  size  of  the  soil  particles.  The  direction 
of  capillary  movement  along  the  surface  of  the  par- 
ticles is  always  toward  the  point  where  the  water  has 
been  removed. 

Hygroscopic  water  exists  in  the  soil  after  it  is  air 
dry,  the  amount  of  hygroscopic  water  present  depend- 
ing on  (1)  fineness  of  the  soil  particles,  (2)  tem- 
perature of  the  soil,  (3)  temperature  of  the  air  in 
the  soil  and  (4)  the  organic  matter  in  the  soil.  Clay 
contains  a  large  amount  of  hygroscopic  water.  The 
movement  and  quantity  of  hygroscopic  water  depends 
largely  on  the  temperature. 

Soil  Stratification  and  Drainage. 

There  are  three  general  methods  of  overcoming  pooi« 
drainage  conditions: 

(1)   By  raising  the  grade  line. 


(2)  Tile  drainage. 

(3)  Providing  an  artificial  base  under  the  road. 
As  a  rule  the  first  method  is  most  satisfactory,  the 

second  method  is  lowest  in  first  cost  on  a  large  scale 
and  the  third  method  is  generally  used  for  small  areas 
where  the  grade  cannot  be  raised. 

Flat  Undrained  Areas. — ^In  flat  low-lying  areas 
where  the  water  does  not  stay  long  upon  the  ground 
an  examination  with  a  spade  or  auger  will  generally 
show  that  the  water-table  is  within  2  ft.  and  fre- 
quently only  a  few  inches  below  the  surface.  Fig.  1 
illustrates  this  condition.  The  difficulty  is  usually 
due  to  an  underlying  stratum  of  impervious  material. 

Springy  Areas  upon  Slopes. — Springs  are  frequently 
encountered  upon  slopes  or  in  cuts.  The  explana- 
tion is  generally  quite  simple  and  the  method  of  cor- 
rection obvious.  A  wet  area  (.a-b.  Fig.  2)  may  ap- 
pear or  a  well-developed  spring  may  exist.  This  con- 
dition is  frequently  encountered  in  limestone  sec- 
tions. 

Ponds  Without  Outlets. — A  small  wet  area  (Fig.  3), 
such  as  frequently  encountered  in  glacial  drift  areas, 
should  be  noted. 

Wet  Spots  in  Flat  Areas. — Frequently  wet  spots  are 
encountered  in  flat  areas  or  at  the  foot  of  hills.  This 
may  be  caused  by  water  under  pressure  (Fig.  4). 


Handling  Hillside  Slips 

By  far  the  largest  problem  which  has  presented  it- 
self, in  the  way  of  repair  of  the  National  Road  in  Ohio, 
has  been  the  handling  of  hillside  slips.  Many  of  them 
were  giving  trouble  when  the  work  of  reconstructing 
the  road  was  started  3  years  ago.  Others  were  started 
when  the  equilibrium  was  disturbed  by  new  grading. 
On  a  railroad  it  is  possible  to  fill  up  or  remove  a  slip 
year  after  year  without  causing  any  great  incon- 
venience. This  policy  could  not  be  pursued  here,  how- 
ever, as  an  expensive  piece  of  pavement  is  destroyed 
every  time  the  roadway  slips.  As  no  two  slips  are  ever 
alike,  the  method  of  dealing  with  each  one  must  be 
separately  determined.  Three  principal  means  have 
been  employed  to  date  in  dealing  with  this  situation. 
The  first  one  tried  was  to  trench  down  to  the  slipping 
surface,  which  is  usually  on  a  fireclay,  and  install 
enough  drains  to  keep  the  water  from  reaching  the 
impervious  strata.  As  this  required  an  open  trench, 
which  might  be  many  feet  deep,  and  a  great  quantity 
of  stone  for  drainage  purposes,  the  expense  was  very 
high.  Where  the  slips  are  shallow  and  cover  an  ex- 
tensive area,  the  plan  of  roughening  the  slipping  sur- 
face, by  shooting  with  dynamite  at  frequent  intervals, 
has  proven  satisfactory.  This  has  seemed  to  work 
especially  well  where  the  surface  on  which  the  slip 
occurs  is  rock.  The  other  method  has  been  tried  only 
recently.  This  consists  in  driving  piling  wherever  the 
condition  of  the  soil  will  permit.  So  far  it  has  been 
cheaper  than  the  system  of  drainage. 


Officials  of  the  U.  S.  Forest  Products  Laboratory  re- 
cently made  a  trip  to  15  cities  in  Texas  with  the  object 
of  studying  failures  and  partial  failures  of  wood  block 
pavement.  It  was  found  that  the  failures  occurred  in 
those  pavements  which  were  constructed  on  sand 
cushion  and  with  sand  fillers,  whereas  those  con- 
structed on  mortar  cushion  with  bituminous  fillers 
were  giving  no  trouble.  Failures  were  practically  all 
due  to  the  development  of  expansion  trouble.  It  was 
found  that  the  oil  used  to  treat  these  blocks  was  not 
an  important  factor. 
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How  Philadelphia   Conducted  an 

Educational  "Clean  Streets" 

Campaign 

An  extensive  and  intensive  educational  clean  streets 
campaign  was  conducted  last  yeai-  at  Philadelphia, 
Pa.  The  primary  objects  of  this  campaign  were  to 
instruct  the  citizens  in  the  city  laws  and  ordinances 
lelating  to  preventive  street  cleaning  and  to  warn 
them  of  the  coming  enforcement  of  these  laws  by  the 
police.  The  following  description  of  the  campaign  is 
abstracted  from  an  advance  copy  of  the  report  of  Wil- 
liam H.  Connell,  Chief  Bureau  of  Highways  and  Street 
Cleaning,  covering  the  year  ending  Dec.  3,  1916: 

The  campaign  was  opened  with  a  mass  meeting 
called  by  the  mayor,  the  director  Department  of  Pub- 
lic Works,  the  chief  of  the  Bureau  of  Highway  and 
Street  Cleaning,  the  Chamber  of  Commerce  and  the 
United  Business  Men's  Association.  Formal  invita- 
tions to  attend  were  sent  to  the  officers  of  the  several 
business  men's  improvement  and  civic  associations 
throughout  the  city,  requesting  that  they  send  at  least 
three  delegates  to  this  meeting. 

Following  the  mass  meeting,  a  clean  streets  com- 
mittee was  appointed  composed  of  representatives  of 
the  Philadelphia  Chamber  of  Commerce,  the  United 
Business  Men's  Association,  the  Civic  Club  of  Phil- 
tidelphia,  and  the  Poor  Richard  Club.  The  director  of 
the  Department  of  Public  Works  and  the  chief  of  the 
Bureau  of  Highways  and  Street  Qleaning  represented 
the  city  of  Philadelphia. 

The  first  step  in  the  campaign  was  the  issuance  of 
a  general  order  by  the  Department  of  Public  Safety 
and  the  Superintendent  of  Police,  calling  attention  to 
the  several  laws  governing  clean  streets  and  gutters 
incidental  thereto,  and  indicating  that  they  would 
thereafter  .strictly  be  enforced. 

This  was  followed  by  the  printing  of  400,000  notice 
cards  which  contained  a  brief  statement  of  the  objects 
of  the  campaign  and  a  series  of  statements  in  the  form 
of  "Don'ts"  emphasizing  the  salient  features  of  the 
existing  clean  streets  laws,  which  the  citizens  would 
thereafter  be  required  to  observe.  On  the  reverse  side 
of  this  notice  card  was  printed  extracts  from  the  ex- 
isting laws,  together  with  the  penalties  for  their  viola- 
tion, accompanied  by  the  admonition  "To  Avoid  Error, 
Know  the  Law,  to  Avoid  the  Penalty,  Obey  the  Law." 
These  notice  cards  were  distributed  to  the  several  dis- 
trict police  stations  and  were  served  by  the  patrolmen 
personally  on  a  responsible  occupant  of  every  home 
and  other  buildings  throughout  the  city. 

Attractive  large  placards,  printed  in  black  and  red, 
outlining  the  purpose  of  the  campaign  and  featuring 
the  "Don'ts"  were  designed  and  31,500  placed  in  store 
windows,  railroad  stations,  factory  buildings  and  other 
prominent  locations  throughout  the  city.  Two  of  these 
placards  were  also  placed  in  every  trolley  car  oper- 
ated by  the  several  traction  companies  in  the  city  of 
Philadelphia.  The  trolley  car  placards  contained  on 
the  reverse  side  a  large  cartoon,  which,  when  the 
placards  were  fastened  to  the  car  windows,  could  be 
seen  from  the  street  and  gave  added  value  to  this 
means  of  publicity. 

Personal  letters  were  sent  to  the  executives  of  the 
several  public  service  corporations  and  the  large  busi- 
ness concerns  operating  in  the  city,  e.xplaining  the 
purpose  of.  the  campaign  and  requesting  their  co-oper- 
ation in  bringing  the  matter  to  the  attention  of  their 
employes,  and  also  where  necessary  enforcing  better 


housekeeping  methods  with  respect  to  the  matter  of 
clean  streets  on  the  property  under  their  control. 

From  the  very  beginning  of  the  campaign  and  ex- 
tending throughout  its  course,  enthusiastic  co-opera- 
tion was  given  the  movement  by  the  several  news- 
papers of  the  city  in  publishing  daily  accounts  of  the 
progress  of  the  campaign  and  appealing  to  the  citizens 
to  assist  the  city  officials  in  their  efforts  to  improve 
the  appearance  of  the  streets.  A  number  of  neighbor- 
hood newspapers  also  made  a  special  feature  of  the 
clean  streets  campaign  and  gave  it  considerable  pub- 
licity. 

Poster  stamps,  300,000  in  quantity,  printed  in  blue 
and  gold — the  city  colors — containing  a  cartoon  show- 
ing William  Penn  sweeping  and  "Get  the  Habit" 
were  distributed  to  the  several  municipal  departments 
and  also  to  a  number  of  business  and  civic  organiza- 
tions, who  attached  them  to  their  outgoing  cor- 
respondence. 

Warning  letters  were  drafted  and  sent  to  the  several 
classes  of  persons  or  agencies  whom  it  was  found 
were  habitually  violating  the  laws.    Among  these  were 


LET  EACH  ONE  DO  HIS  OR  HER  PART  AND 

DON'T  r.r^X-T.fr.h's:    dont  k".i;.?s^'sss    DONTs-r,',^-; 


DON'T  s"rr." 


DON'T  '^s:  t 


DON'T  ~fh''"^  ■:;?X 


DON'T  Zf^iiJ. 


ni    DON'T  sr«.°s;» 


Publicity    Placard    Used    in    Con 


ith    the    Clean    Streets 


distributors  of  advertising  literature,  contractors  own- 
ing or  having  control  over  vehicles  transporting  dirt 
and  other  fragmentary  materials  through  the  high- 
ways, and  storekeepers  who  made  a  practice  of  placing 
store  sweepings  or  rubbish  on  the  highways. 

After  the  campaign  had  been  underway  for  about  a 
month  a  special  force  consisting  of  twelve  inspectors, 
and  an  inspector  in  charge,  was  assigned  to  educa- 
tional work  in  the  sections  of  the  city  where  it  was 
thought  this  would  be  most  advantageous.  These  in- 
spectors were  especially  instructed  in  their  duties  and 
conducted  a  house  to  house  canvass,  explaining  to  the 
occupants  the  purpose  of  the  campaign  for  clean 
streets,  the  requirements  of  the  laws  and  enlisting 
their  co-operation  in  observing  the  laws  and  in  pro- 
viding approved  types  of  receptacles  for  ashes,  rub- 
bish and  garbage. 

In  general  it  was  found  that  carelessness  on  the 
part  of  householders  and  others  was  due  principally 
to  two  reasons:  First,  because  of  ignorance  of  the 
existence  or  the  requirements  of  the  law,  as  the  laws 
were  never  enforced;  and,  secondly,  when  persons 
were  conversant  with  the  laws  they  invariably  stated 
they  had  become  careless  because  of  the  fact  that 
there  seemed  to  be  no  effort  made  to  enforce  their  pro- 
visions. Everyone,  however,  seemed  to  be  in  hearty 
.Tccord  with  the  necessity  and  desirability  of  enforcing 
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the  laws.  On  the  whole,  the  citizens  were  found  will- 
ing to  co-operate  with  the  city  authorities  and  it  was 
only  necessary  to  institute  legal  proceedings  against 
a  very  few  who  remained  obstinate  and  refused  to 
discontinue  practices  which  violated  the  laws.  Later 
en  in  the  campaign  a  policeman  in  uniform  was  de- 
tailed to  assist  the  education  squad  and  the  results  of 
his  work  were  very  gi'atifying,  as  some  people  who 
would  pay  little  or  no  attention  to  the  advice  of  the 
inspectors  would  obey  at  once  the  representative  of 
the  law  in  uniform. 

Through  the  co-operation  of  the  superintendent  of 
public  schools  and  the  superintendent  of  parochial 
schools,  a  series  of  si.\  statements,  expressed  in  simple 
but  effective  style,  were  issued  to  every  teacher' in  the 
public  and  parochial  schools  throughout  the  city. 
Each  of  these  statements  dealt  with  a  specific  matter 
in  connection  with  the  clean  streets  campaign  and  was 
read  and  explained  to  the  school  children  during  suc- 
cessive weeks  in  connection  with  the  course  in  civics. 

Realizing  that  the  subject  of  clean  streets  is  a  dry 
matter  to  the  average  citizen  and  that  the  public  is 

Santa  Qans  Wishes  the  Pfailadelpina  Cubs 

A  Merry  Christmas 

iu.d  join.. 

The  Society  of 

Clean-Up  Boosters 

20X101,  including  Santa  Claiu,  belong  to  the  Cubs. 
N«  dnes,  no  fe«,  no  6ne»,  no  expenae  of  any  kind. 

Sign  the  Pledge  NOW 


Newspaper    Advertisement    Used    in    Connection    with    tlie    Society 
of   Clean-Up   Boosters. 

usually  inclined  to  criticise  the  government  rather 
than  be  reminded  of  their  faults,  it  was  thought  ad- 
visable to  adopt  a  means  of  publicity  calculated  to 
arouse  the  lively  interest  of  everyone.  Therefore,  an 
organization,  entitled  the  Society  of  Clean-Up  Boost- 
ers, familiarly  known  as  the  "C  U  B  S"  was  formed 
and  the  general  public  invited  to  become  members 
through  a  series  of  attractive  paid  advertisements 
which  appeared  in  each  of  the  five  morning  news- 
papers on  six  consecutive  Mondays.  The  advertise- 
ment which  appeared  on  Christmas  morning  showed  a 
sketch  of  Santa  Claus  engaged  in  sweeping  up  rubbish 
and  placing  it  in  an  approved  receptacle  and  stated 
that  "Santa  Claus  wishes  the  Philadelphia  Cubs  a 
Merry  Christmas  and  Joins  the  Society  of  Clean-Up 
Boosters."  The  last  of  the  series  appeared  on  New 
Year's  morning  and  admonished  all  to  start  the  New 
Year  right  by  joining  the  CUBS.  Through  the  medium 
of  this  society,  the  Clean  Streets  Campaign  has  been 
trought  to  the  attention  of  many  thousands  of  citizens 
in  a  unique  and  effective  manner.  The  membership 
of  the  organization  is  based  upon  the  prospective  mem- 
ber signing  a  pledge  to  be  "A  CLEAN  UP  BOOSTER 
AND  TO  HELP  KEEP  MY  CITY  CLEAN."  The 
pledges  were  designed  especially  to  attract  attention 
and  contained,  in  addition  to  the  previously  described 


cartoon  and  slogan  symbolizing  the  campaign,  the 
admonition  to  "sign  the  pledge  and  help  your  city" 
and  explained  that  there  were  "no  dues,  no  fines,  no 
expense  of  any  kind  to  belong  td  the  Society  of  Clean- 
Up  Boosters."  Upon  receipt  of  this  signed  pledge  at 
the  Bureau  of  Highways  and  Street  Cleaning,  a  letter 
of  instruction  accompanied  by  a  code  of  laws  govern- 
ing clean  streets  and  matters  relating  thereto,  and  a 
badge  of  membership  in  the  society  was  sent  to  the 
signer  of  the  pledge. 

Every  practicable  means  was  employed  to  give  pub- 
licity to  the  Clean  Streets  Campaign  and  in  additiion 
to  the  methods  already  described,  requests  for  co- 
operation were  read  in  the  churches  throughout  the 
city  and  posters  and  slides  containing  a  cartoon  and 
slogans  and  requesting  co-operation  were  shown  in  the 
moving  picture  theaters.  Department  and  other  stores 
were  also  encouraged  to  hold  special  sales  of  approved 
types  of  ash,  rubbish  and  garbage  receptacles. 

The  first  stage  of  the  intensive  Clean  Streets  Cam- 
paign, which  was  educational  in  nature,  served  its 
purpose.  It  is  thought  through  the  several  means  of 
publicity  which  have  been  employed  that  the  responsi- 
bility of  the  individual  in  the  matter  of  clean  streets 
has  been  brought  to-  the  station  of  each  and  every 
citizen. 

Though  it  is  not  possible  to  indicate  the  results  of 
the  campaign  in  concrete  figures,  yet  there  is  no  doubt 
that  the  expenses  and  effort  expended  have  been  fully 
justified  by  the  interest  that  has  been  aroused  and 
the  improved  conditions  which  have  been  noted  in  all 
sections  of  the  city,  and  it  is  hoped  that  the  improve- 
ment which  has  only  begun  may  not  only  be  developed 
consistently  until  the  desired  results  have  been  fully 
accomplished,  but  that  the  laws  and  ordinances  re- 
lating to  Preventive  Street  Cleaning  will  no  longer 
be  a  dead  letter  but  will  be  continually  enforced. 


Frames  Facilitate  Unloading  of  Asphalt 
Paving  Blocks 

In  connection  with  its  paving  work  in  New  York 
City,  the  Hastings  Pavement  Co.  ships  a  large  per- 
centage of  the  asphalt  blocks  by  scows  and  canal 
boats  to  the  dock  nearest  the  job  on  which  the  block.s 
are  to  be  used.  To  unload  the  blocks  from  the  boat, 
a  block  frame  has  been  devised  that  will  fit  into  the 
ordinary  bottom  dumping  truck.  The  frames  are 
loaded  with  blocks  from  the  boat  and  hoisted  with  a 
catamaran  and  placed  in  the  trucks  where  the  blocks 
pnd  frames  are  carried  to  the  street  and  the  blocks 
unloaded.  The  empty  frames  are  returned  with  the 
truck  and  again  loaded  with  more  blocks.  Three  to 
five  loaded  fi-ames  make  a  truckload.  A  small  4 
wheeled  truck  is  used  for  moving  the  loaded  block 
frames  from  different  parts  of  the  boat  to  the  place 
of  hoisting.  This  method  saves  considerable  labor 
over  the  old  method  of  passing  or  carrying  the  blocks 
across  the  boat.  By  this  method  a  5-ton  truck  can  be 
loaded  in  a  few  minutes.  There  also  is  a  further  sav- 
ing in  labor  in  case  of  delay  at  the  street  in  getting 
the  trucks  unloaded,  as  the  laborers  at  the  boat  can 
be  filling  extra  frames  ready  to  be  hoisted  onto  the 
trucks  when  the  trucks  return  to  the  boat.  For  hoist- 
ing of  a  catamaran  equipped  with  gasoline  engine  ca- 
pable of  lifting  1,600  lbs.  per  lift  is  used. 


The  city  of  Philadelphia,  Pa.,  has  just  awarded  a 
$325,000  contract  for  a  lij-mile  extension  of  North- 
west Boulevard.  The  McMichal  Co.,  Philadelphia, 
received  the  work. 
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Standards  for  Plans  for  Federal  Aid 
Road  Projects 

standards  governing  the  form  and  arrangement  of 
plans,  specifications  and  estimates  for  road  projects  to 
be  carried  out  under  the  Federal  Aid  Act  have  been 
prepared  by  the  U.  S.  Office  of  Public  Roads  and  Rural 
Engineering  in  co-operation  with  a  committee  of  the 
American  Association  of  State  Highway  Officials,  con- 
sisting of  W.  D.  Uhler,  Chief  Engineer  Pennsylvania 
State  Highway  Department;  A.  W.  Dean,  Chief  Engi- 
neer Massachusetts  Highway  Commission,  and  W.  W. 
Marr,  Chief  Engineer  Illinois  State  Highway  Depart- 
ment. Plans  and  specifications  for  the  various  proj- 
ects are  to  be  initiated  and  prepared  by  the  State 
Highway  Department  in  conformity  with  these  stand- 
ards. The  standards,  which  will  govern  all  Federal  aid 
road  projects  for  which  statements  are  submitted  after 
Sept.  30,  1917,  go  into  considerable  detail  as  to  the 
form  and  substances  of  plans.  For  the  specifications, 
however,  only  the  required  outline  and  arrangement 
are  given.  The  requirements  for  form  and  arrange- 
ment of  plans  follow: 

Plans. 

The  plans  will  consist  of  a  title-page,  typical  cross 
section  of  improvement,  plan  and  profile,  cross  sec- 
tions and  such  structural  plans  and  state  structural 
standards  as  may  be  necessary  to  properly  show  the 
proposed  construction. 

Sizes. — All  plans  or  drawings  will  be  on  flat  sheets 
22  by  36  in.  outside  dimensions.  Border  lines  are  to 
be  so  placed  as  to  provide  a  binding  margin  2  in.  wide 
at  the  left-hand  end  and  a  margin  %  in.  wide  on  the 
remaining  three  edges  of  all  plans.  On  cross-section 
sheets  the  border  lines  may  be  omitted,  but  sufficient 
space  should  be  allowed  for  the  2-in.  binding  edge  at 
the  left-hand  end  of  the  sheets.  State  highway  depart- 
ment standard  sheets,  showing  structural  standards, 
may  be  made  a  part  of  the  plans  and  be  attached  there- 
to, provided  the  size  of  these  standard  sheets  does  not 
e.xceed  the  size  required  for  plans. 

Notations. — The  plans  are  to  be  based  upon  suitable 
surveys,  and  all  notation  necessary  to  make  the  re- 
quired details  clear  is  to  appear  appropriately  through- 
out the  plans. 

Any  information  which  the  State  highway  depart- 
ments may  deem  necessary  for  their  own  uses  may  be 
incorporated  in  the  plans,  in  addition  to  that  herein 
prescribed,  provided  it  does  not  interfere  with  their 
legibility. 

Submission. — The  sheets  composing  the  set  of  plans 
should  be  bound  in  the  following  order:  Title-page, 
typical  cross-section  of  improvement,  road  plans,  State 
standards,  special  structural  plans  and  cross  sections. 

Blue  prints  of  all  plans,  with  the  exception  of  cross 
sections,  are  to  be  submitted  in  triplicate,  one  copy  of 
which  will  be  returned  when  approved.  Blue  prints 
cf  cross  sections  are  to  be  submitted  in  duplicate.  The 
necessary  additional  copies  of  bridge  plans  are  to  be 
submitted  upon  request  of  the  Office  of  Public  Roads 
after  plans  are  approved.  Each  copy  of  a  set  of  plans 
should  be  accompanied  by  a  copy  of  the  specifications. 

Title-Page. — The  title-page  for  the  set  of  plans  shall 
show,  conveniently  arranged,  the  title,  scales,  a  layout 
.nap,  an  index  of  the  drawings,  a  key  to  the  conven- 
tional signs  used,  the  number  of  the  project  in  the 
upper  right-hand  corner,  and,  in  the  lower  right-hand 
corner,  a  sufficient  number  of  blank  spaces  for  the 
dates  and  signatures  of  the  approving  State  officials. 


and  blank  spaces  for  the  dates  and  signatures  of  two 
approving  Federal  officials  with  their  titles. 

The  layout  map  shall  show  the  layout  of  the  project, 
indicating  county  and  State  lines  where  contiguous  to 
the  road,  north  point,  principal  connecting  and  adja- 
cent roads,  principal  streams,  railroads,  cities  and 
towns,  and  shall  be  of  such  scale  as  to  permit  its  being 
shown  on  the  title-page. 

Typical  Cross  Section  of  Improvement. — A  typical 
cross  section  of  the  improvement  shall  be  placed  on 
the  first  sheet  directly  following  the  title-page.  This 
section,  on  a  suitable  scale,  should  show  the  various 
slopes  for  cut  and  fill,  the  width  of  graded  section  in 
cut  and  on  embankment,  the  crown  or  shape  of  the 
finished  surface,  shoulders,  gutters,  etc.,  between 
slopes,  the  width  and  thickness  of  the  various  courses 
cf  pavement  or  surfacing,  and  the  position  of  the 
profile  grade  line  relative  to  the  typical  cross  section, 
together  with  any  desired  additional  details. 

When  more  than  one  typical  cross  section  is  used, 
the  proposed  location  for  each  should  be  indicated. 

On  this  sheet  also  may  be  shown,  if  desired,  any  spe- 
cial information,  such  as  summary  of  quantities,  etc. 

Road  Plans. 

Arrangement. — The  plan  and  profile  shall  be  placed 
on  the  same  sheet.  The  plan  shall  be  shown  across  the 
top  of  the  sheet  and  the  corresponding  profile  directly 
below.  When  the  conditions  permit,  without  inter- 
ference or  overlapping,  two  sections  of  the  plan  and 
profile  may  be  shown  on  the  same  sheet. 

A  suitable  standard  profile  ruling  may  appear  across 
the  lower  portion  of  the  sheet  if  desired,  but  the  upper 
portion  showing  the  plan  should  in  no  case  bear  profile 
ruling. 

Scales. — The  plan  shall  be  drafted  to  a  scale  of  1  in. 
=  100  ft.,  or  1  in.  =  50  ft.,  at  the  option  of  the  State 
highway  department,  and  the  profile  shall  be  drafted 
to  the  same  scale  horizontally  as  the  plan  and  to  a 
scale  of  1  in.  =  10  ft.  vertically. 

Data  on  Plan. — The  plan  of  the  road  shall  show  the 
center  line  of  construction,  bearing  of  tangents,  right- 
of-way  lines,  stations  of  beginning  and  ending  of 
curves,  length  of  curves,  approximate  radii  of  curva- 
ture, station  points,  equations  of  stationing  streams, 
and  railroads  on  or  near  the  right  of  way,  poles  for 
wire  lines,  obstructions  on  the  right  of  way,  structures 
affected  by  the  proposed  construction,  the  location  of 
proposed  new  culverts  and  bridges  with  their  sizes, 
any  old  road  surfaces  or  portions  of  pavements  to  be 
used  in  place  in  connection  with  the  proposed  con- 
struction, and  all  unusual  or  special  features  which 
can  be  anticipated,  such  as  guardrail,  retaining  walls, 
ditch  protection  and  subdrains.  Such  of  these  items 
as  lend  themselves  readily  to  location  by  description 
may  be  tabulated  or  noted,  but  the  tabulation  or  nota- 
tion should  appear  on  each  sheet  of  the  plan  con- 
cerned. In  minor  changes  of  location  requiring  new 
or  additional  right  of  way,  the  margins  of  the  old 
roadway  shall  be  shown  by  light  broken  lines. 

The  plan  should  be  platted  with  the  stationing  from 
left  to  right.  A  north  point  should  be  placed  on  each 
sheet.  All  curve  points  and  angles  on  the  construction 
line  should  be  marked  by  small  circles  and  the  100-ft. 
station  points  by  a  very  short  line  drawn  at  right 
angles  to  the  center  line. 

Data  on  Profile. — The  profile  is  to  show  surface  line, 
grade  line,  length  of  vertical  curves,  percentage  of 
gradient,  datum  line,  station  ordinate  lines,  surface 
elevations  and  grade  elevations  at  station  ordinates, 
and  changes  of  gradient.    The  surface  line  of  stream 
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beds  under  existing  bridges,  as  well  as  that  of  the 
bridge  floors,  should  be  shown. 

The  "grade  line"  shall  represent  the  profile  of  the 
surface  of  the  finished  pavement  or  surfacing  along 
the  center  line  of  the  proposed  construction. 

The  "surface  line"  shall  represent  a  profile  of  the 
surface  of  the  ground  along  the  center  of  the  present 
traveled  way  where  the  new  location  of  the  roadway  is 
to  be  essentially  the  same  as  the  old  location,  although 
the  centers  may  deviate  slightly.  Where  relocations 
or  realignments  are  made  which  will  cause  the  center 
line  of  the  new  roadbed  to  be  essentially  different  from 
the  center  of  the  present  traveled  way,  the  surface 
line  shall  represent  a  profile  of  the  ground  along  the 
center  of  the  proposed  roadway.  The  surface  line  is 
to  be  drawn  as  a  series  of  straight  lines. 

Cross  Sections. — Cross  sections  taken  at  intervals 
not  exceeding  100  ft.  shall  be  plotted  to  a  scale  of  1  in. 
=  5  ft.,  vertically  and  horizontall.v.  They  should  be 
plotted  from  the  bottom  of  the  sheet  upward  and  so 
as  not  to  interfere  unduly  with  one  another.  As  these 
sheets  are  to  be  bound  on  the  left-hand  end,  either  the 
lower  side  or  the  right-hand  end  of  the  sheets  may  be 
used  as  the  bottom  in  plotting.  The  sections  should 
show  the  ground  surface  and  the  templet  lines  for  the 
proposed  construction.  Each  section  should  be  marked 
with  its  station  location  and  "grade-line"  elevation. 
Any  desired  additional  information  such  as  area,  yard- 
age between  sections,  etc.,  may  be  shown. 

Structural  Plans. 

Structural  plans  shall  be  submitted  as  indicated  un- 
der the  following  conditions: 

(1)  For  culverts  or  drainage  structures  with  clear 
spans  not  exceeding  20  ft.,  measured  along  the  center 
line  of  roadway,  there  shall  be  submitted  either  com- 
plete detail  plans  or  standard  plans  giving  all  essen- 
tial information.  If  standard  plans  are  used,  they 
should  be  bound  with  the  plans  for  each  project  and 
not  used  by  reference  only. 

(2)  For  bridges  with  spans  exceeding  20  ft.,  the 
complete  set  of  plans  shall  contain  the  following: 
Plan  of  bridge  site,  profile  of  crossing,  cross  sections, 
complete  stresses,  design  and  general  details,  shop  and 
all  minor  details,  and  such  other  drawings  as  may  be 
essential  to  make  the  information. complete  and  intel- 
ligible. While  it  is  expected  that  plans  will  be  sub- 
mitted and  approved  and  project  agreements  executed 
before  bids  are  requested,  the  following  exceptions 
will  be  allowed: 

(a)  Shop  and  minor  details  may  be  submitted  after 
the  contract  is  awarded  but  before  work  is  begun  on 
materials. 

(b)  When  it  is  impracticable,  as  sometimes  occurs 
in  the  case  of  movable  spans,  to  submit  plans  and 
specifications  previous  to  receiving  bids,  such  plans 
and  specifications  may  be  submitted  after  bids  are  re- 
ceived, provided  the  State  highway  department  shall 
notify  the  OflRce  of  Public  Roads  in  advance  as  to  all 
the  steps  to  be  followed  in  securing  such  bids,  in  the 
same  manner  as  if  the  project  agreement  had  been 
previously  signed. 

(3)  For  bridges  requiring  the  approval  of  the  Sec- 
retary of  War,  data  required  by  him  should,  if  prac- 
ticable, be  submitted  for  approval  prior  to  its  submis- 
sion to  the  War  Department.  The  remaining  plans 
should  be  submitted  as  herein  called  for  after  author- 
ity has  been  granted  by  the  Secretary  of  War. 

When  designs  for  culverts  and  bridges  are  sub- 
mitted, they  should  be  accompanied  by  three  sets  of 
'  specifications. 


Work  of  Street  Cleaning  Depart- 
ment of  New  York  City 

Improvement  in  organization,  equipment  and  meth- 
ods by  the  Street  Cleaning  Department  of  New  York 
City  has  brought  marked  results  in  the  way  of  in- 
creased service  and  lessened  cost.  The  cost  of  the 
regular  work  in  1916  was  the  lowest  in  6  years.  The 
per  capita  cost  of  regular  service  was  20  ct.  less  for 
the  last  3  years  than  for  the  previous  3  years,  ac- 
cording to  the  annual  report  for  1916  of  J.  T.  Fether- 
ston.  Commissioner  of  Street  Cleaning,  made  public 
on  June  7.    Extracts  from  the  report  follow: 

The  Physical  Problem. — The  Department  of  Street 
Cleaning  serves  a  resident  population  in  excess  of  five 
millions  and  a  fluctuating  transient  population  averag- 
ing close  to  another  million.  In  the  three  boroughs 
under  its  jurisdiction,  there  is  an  area  of  140.2  square 
miles  and  302,294  buildings — an  increase  since  1915 
of  5,540  buildings.  The  maximum  density  of  popula- 
tion per  acre  in  the  most  thickly  populated  ward  (low- 
er East  Side  of  Manhattan)  "is  696.7;  minimum  density 
(outlying  Brooklyn)  is  3.2;  average  density  for  the 
three  boroughs  78.1.    In  the  three  boroughs  there  were 


by    Elec- 


Combination    Flushing    anrf  Sweeping    iVIachine   Operate 
trie  Power  from  Tractor. 

101,723  horses  and  89,122  automobiles,  commercial  and 
pleasure,  in  1916.  The  increase  in  the  number  of 
automobiles  over  1915  was  26,217,  or  more  than  40  per 
cent  in  one  year.  There  was  an  increase  of  37  per 
cent  over  1915  in  the  number  of  commercial  motor 
vehicles  in  the  city.  This  increase  not  only  represents 
a  remarkable  growth  in  street  traffic  for  business  pur- 
poses, but  strikingly  demonstrates  the  tendency  to 
substitute  the  motor  for  the  horse  in  heavy  hauling. 
It  also  suggests  that  the  Department  of  Street  Clean- 
ing, one  of  the  city's  heaviest  haulers  and  its  largest 
horse  owner,  must  motorize  its  equipment  if  it  is  to 
keep  abreast  of  the  times.  The  number  of  horses  in 
the  city  was  practically  the  same  in  1916  as  in  1915. 

Department  Equipment. — Since  1914  there  has  been 
£1  considerable  change  in  the  equipment  employed  by 
the  Department.  The  changes  generally  represent 
improved  methods  of  performing  functions.  The  in- 
troduction of  motor  equipment  has  increased  the  ef- 
ficiency of  operation  more  rapidly  than  the  growth  in 
the  amount  of  work  to  be  done,  as  is  evidenced  by  the 
c^ecrease  in  the  number  of  horses  used  by  the  Depart- 
ment. The  increase  in  the  number  of  sweepers'  can 
and  paper  and  refuse  cans  represents,  especially  in 
che  case  of  the  latter,  a  more  thorough  provision  for 
the  care  of  street  dirt  and  litter.  The  great  increase 
(16) 
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in  the  hose  equipment  finds  its  explanation  and  justifi- 
cation in  the  program  of  widely  extended  flushing,  to 
which  reference  is  made  elsewhere  in  this  report. 

Table  I  presents  a  list  of  articles  of  equipment  on 
Dec.  31,  1916,  as  compared  with  Sept.  30,  1914,  at  the 
time  the  first  inventory  under  the  present  administra- 
tion was  completed.  Equipment  used  in  snow  work  is 
not  included  in  this  table. 


Horst;!i   

Buggies     

Stcei  dump  carts   

.Steel  dump  trucks 

Paper  carts   

Paper  trucks    

Double    platform     truck.s 

Single  e.xpress  wagons 

Bottom  dump  wagons 

Street  sweeping  machines 

Squeegees     11 

Street   sprinklers    lU'l 

Gasoline-electric  tractors  

Electric  tractors  

Gasoline  tractors    

Gasoline  trucks   

Collection   trailers    

Street  flushing  (gasoline)  machines  5 

Combination   containers    

Steel  refuse  containers 

Drag  scrapers    , "    15 

Bicycles     136 

Sweepers'   cans    13.860 

P.   &   n.  cans 965 

Can  carriers  3.954 

.\sphalt  scrapers 4.172 

Flushing  hose.  3-in..  50-ft.  length..        355 
Flushing  hose.  2M;-in..  50-ft.  length 

(in  all  lioroughs) 


Gain  and  loss 

1916. 

In- 

De- 

1914. 

1916. 

crease. 

crease 

2,522 

2.346 

176 

70 

96 

2e 

2,252 

2,240 

12 

113 

81 

32 

452 

452 

67 
28 

67 
3 

25 

25 

24 

1 

20 

lOS 

88 

149 

149 

30 

30 

130 

130 

19 

4 

169 

33 

8,686 

4,826 

3.952 

2,087 

3.183 

3.G46 

The  Department  Force. — There  was  a  slight  in- 
crease, approximately  1.29  per  cent,  in  the  size  of  the 
force  of  the  Department  in  1915  over  1914.  In  1916, 
despite  the  increase  in  population  and  enlargement  of 
territory,  requiring  additional  service  from  the  De- 
partment, the  force  was  reduced  8  per  cent.  This 
large  reduction  in  the  force  during  the  past  year  is 


Hauling   25   Cu.    Yd.   of    Refuse    per   Trip.     Garbage,   Ashes,   Street 
Sweepings  and    Rubbish   in   Separate   Compartments. 

attributable  to  the  substitution  of  motorized  for  horse- 
drawn  equipment  in  the  Model  District,  reorganization 
of  the  supervising  branch  of  the  force  in  the  field,  and 
reduction  of  number  of  employes  in  the  Mechanical 
Division.  The  total  number  of  regular  employes  on 
the  rolls  for  the  three  years,  respectively,  was  as  fol- 
lows:    1914,  6,978;  1915,  7,068;  1916,  6,523. 

On  Jan.  1,  1916,  a  merit  system  of  apportioning 
wages  in  the  various  classeswas  put  into  effect.  Reg- 
ular drivers,  who  had  formerly  received  a  flat  rate  of 


S800  a  year,  were  placed  in  five  grades,  the  wages 
ranging  from  $768  to  $864.  Regular  sweepers,  whose 
old  rate  was  $780,  were  graded  from  $720  to  $792. 
Extra  drivers  were  advanced  from  $2  to  $2.40  per  day, 
and  extra  sweepers  from  $2  to  $2.30  per  day.  The 
schedules  for  hostlers,  stablemen  and  dump  boardmen 
were  also  readjusted  on  lines  of  the  merit  system,  with 
increased  compensation  for  the  higher  grades. 

Schedules  for  1917  comprehend  advances  which  will 
give  the  following  wages  for  first  grade  men :  Regular 
drivers,  $888  per  year;  e.xtra  drivers,  $2.60  per  day; 
regular  sweepers,  $816  per  year;  extra  sweepers,  $2.50 
per  day;  hostlers,  $840  per  year;  stablemen,  $840  per 
year;  dump  boardmen,  $840  per  year;  auto  drivers, 
$924  per  year,  and  trailer  loaders,  $840  and  $864  per 
year. 

Model  District. — The  most  far-reaching  feature  in 
the  program  of  equipment  improvement  was  embodied 


Unloading    Compartments    Containing    Refuse    by    Electric    Crane. 

in  plans  for  the  "Model  District."  The  Board  of  Esti- 
mate and  Apportionment  appropriated  $250,000  fo-' 
this  purpose  and  District  No.  6,  Manhattan,  was  se- 
lected as  the  field  in  which  to  work  out  the  new  plan:? 
of  the  Department.  Believing  this  district  with  its 
modern  equipment  would  be  accepted  as  a  model  to 
be  copied  in  other  and,  eventually,  in  all  of  the  dis- 
tricts, the  head  of  the  Department  christened  it  th'. 
"Model  Di-strict." 

Adoption  of  Motor  Power. — The  first  step  taken  in 
remodeling  the  district  was  to  devise  plans  a,nd  ap- 
paratus operated  by  motor  power  to  displace  the  horse- 
drawn  vehicles  and  cleaning  by  hand,  so  far  as  prac- 
ticable. The  engineering  division  of  the  Department 
undertook  the  task  of  designing  the  principal  pieces  of 
apparatus  required  for  the  economical  working  out  of 
the  newly-devised  methods.  A  gasoline-electric  tractor 
v/as  designed  by  the  Department's  engineering  di- 
vision and  after  construction  and  trial  was  found  to 
meet  requirements.  During  1915  twelve  of  these 
tractors  were  completed  and  made  ready  for  service, 
at  a  cost  of  $4,166  each.  Trailers,  to  be  drawn  by  the 
tractors,  and  combining  facilities  for  collecting  in 
separate  compartments,  ashes,  street  sweepings,  gar- 
bage and  rubbish,  were  also  designed  and  constructed. 
These  trailers  provide  for  the  collection  of  the  four 
classes  of  material  on  the  same  trip,  whereas,  the  old 
horse-drawn  cart  requires  three  distinct  trips  for  the 
task.  In  addition  to  this  apparent  economy,  each  trail- 
er carries  an  amount  of  waste  material  equal  to  eight 
cart  loads.  Eleven  of  the  trailers  were  constructed 
during  1915  at  a  cost  of  $810  each. 
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During  1916  seven  additional  tractors  and  six  trail- 
ers were  added  to  the  Model  District  equipment,  and 
of  those  constructed  in  1915,  two  tractors  were  trans- 
ferred to  Brooklyn  and  one  to  the  Bron.x,  leaving  16 
tractors  and  18  trailers  for  Model  District  service. 

Further  motorization  of  the  Model  District  equip- 
ment was  accomplished  in  1916  by  the  installation  late 
in  the  year  of  a  combination  flusher-sweeper,  which 
was  also  designed  by  the  Department's  engineering 
division.  This  machine  flushes  and  sweeps  the  street 
pavement  in  one  operation,  thus  not  only  enhancing 
the  quality  of  those  branches  of  the  service,  but  doing 
rio  economically.  Three  more  of  these  combination 
iriachines  are  in  course  of  construction  and  will  be 
ready  for  use  when  weather  conditions  will  permit  of 
flushing.  Other  equipment  in  the  Model  District  has 
been  made  to  conform  to  the  motorized  collection 
methods,  by  the  installation  of  locomotive  cranes,  for 
transferring  trailer  loads  to  scows,  and  by  advancing 
all  contingent  apparatus  and  methods  to  the  higher 
plane. 

Approximately  $68,000  was  saved  to  the  city  by  this 
ir.odern  equipment  in  1916,  as  compared  with  1914,  the 
last  year  in  which  horses  exclusively  were  used  for 
collection  in  the  district. 

The  Model  District  has  fulfilled  the  promises  made 
for  it.  Though  it  is  not  yet  complete  in  all  its  details, 
it  has  progressed  sufficient  to  prove  beyond  all  doubt 
that  motorized  equipment  and  the  accompanying  im- 
proved methods  produce  enhanced  service,  at  reduced 
cost.  Accepting  this  testimony  as  a  guide,  the  Board 
of  Estimate  and  Apportionment  has  provided,  in  the 
budget  for  1917,  for  the  motorization  of  two  more 
districts. 

Increase  in  Flushing. — Extension  of  street  flushing 
has  been  a  cardinal  feature  of  the  present  administra- 
tion's program  since  taking  office.  During  1914  ad- 
vance in  this  direction  was  slow,  as  the  plans  for  the 
year  were  made  during  the  fall  of  1913,  and,  further, 
as  there  was  only  a  limited  amount  of  water  and  hose 
available  for  the  purpose.  In  1915,  after  a  careful 
study  of  the  subject,  in  co-operation  with  the  engi- 
neers of  the  Water  Department,  the  methods  employed 
were  markedly  improved,  and  along  scientific  lines. 
The  amount  of  flushing  was  increased  30  per  cent 
over  1914.  Improvement  in  the  manner  of  handling 
and  caring  for  the  hose,  with  coincident  training  of 
the  men,  resulted  in  better  service  and  economy  in  the 
use  of  water  and  equipment.  A  standard  practice  was 
installed  and  the  men  were  carefully  drilled  in  the  best 
methods  of  performing  the  work. 

In  1916  still  further  improvements  in  flushing  were 
made.  The  hose  gangs  were  increased  to  200  and,  so 
far  as  funds  would  permit,  greater  and  improved 
equipment  was  supplied.  During  the  year  increase  in 
the  area  flushed  and  washed  was  extended  until,  in  the 
summer  and  fall  months,  practically  every  street  in 
Manhattan,  and  most  of  the  important  or  congested 
thoroughfares  in  Brooklyn  and  The  Bronx,  were  cared 
for  by  hose,  squeegees,  or  sprinkling  carts  and  ma- 
chine sweepers,  at  least  once  in  every  twenty-four 
hours.  While  infantile  paralysis  was  prevalent  last 
summer  and  autumn  and  extra  precautions  were  be- 
ing taken  in  every  direction,  the  pavements  in  the  con- 
gested sections  were  flushed  frequently,  in  some  in- 
stances two  or  three  times  during  a  day.  Especial  at- 
tention was  given  to  those  streets  in  which  there  were 
push-cart  markets. 


Ohio  Practice  in  Widening  and  Su- 
per-Elevation of  Pavements 
on  Highway  Curves 

As  a  means  for  promoting  safety  the  State  High- 
way Department  of  Ohio  has  decided  to  both  widen 
and  superelevate  pavements  on  curves  in  the  future 
construction  of  state  highways.  The  method  of  carry- 
ing out  this  work  is  described  by  Mr.  John  W.  Graham, 
Division  Engineer  of  the  Ohio  State  Highway  Depart- 
ment, in  the  June  issue  of  the  Concrete  Highway  Mag- 
azine from  which  the  following  notes  are  taken : 

Widening. — The  average  construction  in  Ohio  pro- 
vides for  a  16-ft.  pavement  on  a  26-ft.  road  bed.  The 
standards  for  extra  widths  on  curves  were  prepared 
for  the  above  conditions,  but  will  apply  to  practically 
all  conditions,  except  where  single  track  (10-ft.)  roads 
are  built. 

Additional  width  placed  on  the  outside  of  curves 
would  not  secure  the  desired  results,  because  a  vehicle 
to  use  such  extra  width  would  be  compelled  to  make 
two  departures  from  its  general  course.  In  other 
v.ords,  it  would  be  necessary  for  the  vehicle  to  swing 
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Cross    Sections    for    Determining    Warped    Surface    on    Transition 
Curve. 

outward  from  the  tangent,  and  then  after  following 
the  curve,  to  swing  back,  before  resuming  travel  along 
the  ne.xt  tangent,  thus  making  a  reversed  curve. 
Therefore,  it  was  decided  to  place  extra  width  on  the 
inside. 

It  was  arbitrarily  assumed  that  8  ft.  is  the  maximum 
amount  of  extra  width  necessary  and  since  20  degrees 
is  about  the  maximum  rate  of  curvature  used  under 
ordinary  conditions  in  Ohio  an  extra  width  of  8  ft. 
v-ill  be  used  on  this  degree  of  curve.  Flatter  curves- 
v;ill  be  treated  accordingly.  Ordinarily  it  is  not  prac- 
ticable to  construct  transition  curves  of  greater  length 
than  100  ft.  and  this  length  is  adequate  for  highway 
traffic. 

Superelevation. — The  maximum  amount  of  super- 
elevation used  is  fixed  by  the  transverse  slope  satis- 
factory to  horse  traffic.  The  average  crown  slope  on 
macadam  roads  in  Ohio  is  one-half  inch  per  foot  and 
since  this  is  not  slippery  for  horses  and  does  not  en- 
danger the  stability  of  bulky  loads  it  was  decided  that 
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this  amount  used  as  superelevation  would  be  conserva- 
tive. This  rate  of  superelevation  on  four  curves  will 
compensate  a  speed  of  thirty  miles  per  hour,  which  is 
about  the  average  speed  on  country  roads.  This  same 
rate  of  speed  was  used  in  calculating  the  supereleva- 
tion for  flatter  curves,  while  on  sharper  curves  it  was 
assumed  that  the  average  driver  would  decrease  his 
speed  to  insure  safety. 

The  rate  of  speed  on  various  degrees  of  curvature 
which  will  be  compensated  completely  by  the  super- 
elevation adopted  is  shown  in  the  following  table: 

Dej^ree  of                                         Equivalent  radius  .Speed  in  miles  per 

curve.                                                of  curve — feet.  hour  compensated. 

1     5.730.0  30.0 

2     2,865.0  30.0 

3     1,910.0  30.0 

4      1,432.5  30.0 

.T      1,140.0  26.8 

G •. 95.i.0  24.5 

7      ". 818.S  22.7 

5      716.3  21.2 

!)      G3fi.6  20.0 

10     573.0  19.0 

12Vj 458.4  17.0 

15      382.0  15.5 

17^4 327.4  14.4 

20 2Sn.5  13.5 

25      229.2  12.0 

30       161.0  11.0 

Examples  of  Superelevation. — In  the  construction  of 
the  National  Road  through  Ohio  superelevation  was 
obtained  by  rotating  the  standard  cross-section  around 
the  center  line.  The  results  have  been  reasonably 
satisfactory,  but  this  method  does  not  encourage  the 
traffic  to  adhere  always  to  the  right  side  of  the  road 
around  the  outside  of  curves  as  by  this  scheme  the 
late  of  superelevation  is  greater  on  the  inside  than 
on  the  outside  of  the  curves. 

In  the  present  standards  a  plain  section  has  been 
adopted.  The  portion  of  each  transition  curve  ad- 
jacent will  necessarily  be  a  warped  surface.  Cross- 
sections  which  will  determine  this  surface  are  shown 
in  the  sketch  herewith.  On  macadam  roads  this  re- 
sult can  be  obtained  by  skilled  laborers  following  the 
engineer's  stakes. 

On  the  rigid  types  of  pavements,  which  are  usually 
constructed  by  strikeboards,  the  desired  surface  may 
easily  be  secured  by  inserting,  perpendicular  to  the 
center  lin,e,  templates  cut  to  the  proper  cross-sections 
and  then  striking  off  the  pavement  with  a  steel  bound 
straight-edge  moved  parallel  to  the  center  line.  The 
distance  between  these  templates  should  be  as  great 
as  it  is  possible  to  manipulate  the  straight-edge,  which 
in  general  will  be  between  20  and  30  ft. 

The  increased  safety  secured  by  encouraging  traffic 
to  follow  the  right  side  of  the  road  in  all  cases  will 
more  than  justify  the  slight  increased  cost  of  the 
construction  of  the  transition  section  of  the  pavement. 


3,512,910  Motor  Cars  in  United  States  in 
1916 

The  gross  total  of  motor  cars,  including  commer- 
cial cars,  registered  in  1910  was  3,512,916,  according 
to  figures  compiled  by  the  U.  S.  Office  of  Public  Roads. 
This  is  an  increase  of  1,067,332  over  the  number  reg- 
istered in  1915.  The  several  states  collected  in  regis- 
tration and  license  fees,  including  those  of  chauffeurs 
and  operators,  a  total  gross  revenue  of  $25,865,369. 
Of  this  amount  92  per  cent,  or  $23,910,811,  was  ap- 
plied directly  to  construction,  improvement,  or  main- 
tenance of  the  public  roads  in  43  states.  The  figures 
for  1916  correspond  very  closely  with  the  annual  per- 
centage increase  of  motor-car  registration  of  the  last 
three  years.  This  yearly  increase  has  averaged  40 
per  cent  in  the  number  of  cars  and  50  per  cent  in 
revenues. 


Special  Features  in  Reconstruction 
of  National  Road  in  Ohio 

In  the  reconstruction  of  the  National  Road  through 
Ohio,  93  miles  of  which  are  now  completed  or  under 
contract,  several  features  differing  from  the  usual 
practice  in  the  state  were  put  into  effect.  These  were 
discribed  by  Mr.  Robert  N.  Waid,  Division  Engineer 
State  Highway  Department,  in  a  paper  presented  at 
the  last  annual  meeting  of  the  Ohio  Engineering  So- 
ciety, from  which  the  following  notes  are  taken: 

On  each  side  of  the  pavement  an  earth  drive  has 
been  constructed.  This  is  at  least  9  ft.  wide  and  can 
be  utilized  by  horse-drawn  vehicles  in  winter  when 
the  pavement  is  slippery  or  in  the  dry  parts  of  summer 
when  a  dirt  road  is  more  comfortable  for  such  travel 
than  a  hard  surface  pavement.  The  amount  of  traffic 
making  use  of  the  dirt  berm  shows  that  this  feature 
is  greatly  appreciated.  While  this  plan  might  be  of 
questionable  value  where  an  entirely  new  road  is  be- 
ing constructed,  yet  in  this  instance,  where  a  30-ft. 
roadbed  was  already  available,  very  little  additional 
cost  was  incurred  in  providing  this  convenience. 

A  variation  in  the  spacing  of  joints  on  the  concrete- 
sections  was  employed.  Starting  from  a  standard  sec- 
tion of  30  ft.,  the  length  of  the  next  section  was  in- 
creased to  35  ft.  and  then,  adding  5  ft.  at  a  time,  it  was 
increased  up  to  100  ft.  This  procedure  was  repeated 
five  times  in  succession.  Several  miles  farther  on  the 
same  thing  was  repeated.  This  gives  practically  two 
miles  of  pavement  where  the  length  of  the  sections 
vary  from  30  to  100  ft.  Each  different  length  occurs 
ten  times.  There  is  also  one  section  of  reinforced  con- 
crete, without  joints,  which  is  564  ft.  long.  As  the 
pavement  is  only  now  going  through  its  third  winter, 
it  is  too  soon  to  draw  definite  conclusions.  To  date' 
the  extra  length  of  section  has  not  appeared  to  ma- 
terially effect  longitudinal  cracking.  Transverse- 
cracks  have  occurred  occasionally  in  the  long  sections, 
but  they  are  not  opening  up  to  any  great  extent.  There 
is  a  more  pronounced  spalling  at  the  joints  of  the  long- 
sections,  as  was  to  be  expected.  It  does  not  appear, 
however,  that  the  difference  in  this  respect  will  prove- 
serious. 

A  second  feature  of  the  transverse  joint  is  its  di- 
agonal direction.  Instead  of  being  at  right  angles  to: 
the  center  line,  they  are  on  an  angle  of  75  degrees. 
The  idea  in  this  arrangement  was  that  no  two  wheels 
of  a  vehicle  would  hit  the  joint  at  one  time.  By  thus 
decreasing  the  impact  to  one-fourth  what  it  would 
otherwise  be,  it  would  seem  that  the  pavement  should 
present  a  smoother  riding  surface  and  the  wear  at 
the  joints  should  be  greatly  reduced.  There  is  no 
question  but  that  the  first  of  these  two  objects  has 
been  attained,  but  whether  the  second  will  prove  of 
material  value  can  not  yet  be  determined.  One  dis- 
advantage in  this  plan  has  already  become  apparent. 
The  corners  of  the  pavement,  included  within  the 
acute  angle,  have  cracked  off  in  numerous  places. 

The  policy  of  superelevating  all  curves  having  a 
radius  less  than  1,000  ft.  has  been  followed  through- 
out in  the  reconstruction  of  the  National  Road.  The 
amount  of  superelevation  was  computed  for  a  speed 
of  30  miles  per  hour,  according  to  the  regular  manner 
of  elevating  railroad  curves.  The  superelevation  thus 
obtained  was  applied  to  the  entire  width  of  pavement. 
The  maximum  amount  used  is  8  in.  and  all  curves  hav- 
ing a  radius  of  less  than  500  ft.  are  given  this  amount. 
The  center  of  the  road  being  held  at  the  normal  eleva- 
tion, the  pavement  was  rotated  about  the  center-line. 
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as  an  axis,  in  order  to  produce  the  superelevation. 
The  inside  edge  of  the  pavement  was  thus  depressed 
as  much  as  the  outside  edge  was  raised.  The  cross 
section  of  the  pavement  underwent  no  change.  Half 
the  amount  of  depression  or  elevation  was  secured 
each  side  of  the  point  of  tangency,  except  on  curves 
less  than  150  ft.  long.  On  these  curves  the  full  amount 
was  acquired  on  the  tangent.  Further  experiments 
along  this  line  will  doubtless  show  that  the  amount  of 
superelevation  can  well  exceed  8  in. 

The  maximum  grade  on  the  roadway  between  Colum- 
bus and  Cambridge,  with  one  slight  exception,  is  7 
per  cent.  Beyond  Cambridge  the  maximum  is  7.87  per 
cent.  This  is  the  old  4^2  degree  grade  used  when  the 
road  was  originally  constructed.  All  breaks  in  grade 
are  connected  by  vertical  curves  which  vary  in  length 
from  100  to  1,600  ft. 


be  said  for  the  oiled  earth  road,  and  is  willing  to 
duplicate  the  expense  the  year  following  for  the  same 
conditions,  it  is  sufficient  evidence  that  lowans  want 
good  roads  and  are  willing  to  pay  even  high  prices  to 
get  them. 


Oiled  Earth  Road,  Not  365  Day  a 
Year  Road  in  Iowa 

During  the  past  three  years  many  miles  of  oiled 
earth  road  have  been  in  service  in  Iowa.  A  personal 
inspection  and  examination  of  all  the  more  important 
stretches  of  these  roads  was  made  this  spring  by  Prof. 
T.  R.  Agg  of  the  Department  of  Highway  Engineering 
in  the  Iowa  State  College,  and  C.  D.  Curtiss,  Engineer 
of  the  State  Highway  Commission.  This  trip  was  made 
at  the  time  of  the  spring  breakup  when  road  condi- 
tions in  Iowa  are  at  their  worst  and  during  a  time 
which  should  be  most  trying  for  any  road  surface. 
The  following  conclusions  based  on  this  inspection  are 
extracted  from  the  April-May  issue  of  the  Service 
Bulletin  of  the  Iowa  Highway  Commission: 

1.  Oiling  can  only  be  considered  as  a  temporary 
maintenance. 

2.  An  oiled  road  must  be  dragged,  but  will  not  re- 
quire as  much  dragging  as  an  unoile'd  road. 

3.  The  lighter  oils  do  not  give  as  lasting  effect  as 
the  heavier  grades. 

4.  Heavy  soils  absorb  the  oil  and  receive  more  last- 
ing benefit  from  the  oiling  than  the  light  soils. 

5.  Proper  preliminary  preparation  of  the  road  is 
essential  and  of  prime  importance. 

6.  Crude  tar  is  not  a  satisfactory  substitute  for  a 
good  road  oil. 

7.  An  oiled  road  is  not  a  365  day  road. 

8.  The  enthusiasm  of  the  people  over  the  oiled  roads 
indicates  their  desire  for  something  better. 

In  general  it  may  be  said  that  the  best  results  were 
evident  where  the  oil  was  applied  hot.  The  penetra- 
tion was  deeper;  less  of  the  oil  remained  on  the  top 
of  the  surface  and  less  apparently  was  carried  off  the 
road  by  the  early  traffic  over  it.  Depths  of  penetration 
were  found  varying  from  ^2  to  l^-j  in. 

There  is  one  lesson  drawn  from  a  study  of  the  sen- 
timent in  the  localities  where  oil  has  been  applied  and 
that  is  that  lowans  as  a  rule  are  not  so  much  inter- 
ested in  what  a  good  satisfactory  dust  and  mud  proof 
road  costs,  as  they  are  in  getting  that  road.  When  a 
community  will  pay  as  high  as  $300  a  year  for  main- 
tenance expense  for  a  mile  of  road,  for  little  more  can 


Method    and     Cost    of    Concrete 
Road    Maintenance    in    Mil- 
waukee County,  Wis. 

In  1916  about  1,000,000  sq.  yd.  of  road  surface  was 
maintained  by  the  Highway  Department  of  Milwaukee 
County,  Wis.,  at  an  expense  of  $5,269.91,  which  cov- 
ered all  labor  materials  and  machinery  depreciation. 
Of  the  above  yardage,  923,483  sq.  yd.  was  concrete  on 
which  $4,051.62  was  expended  or  about  .0044  ct.  per 
t,q.  yd.  There  was  also  expended  the  sum  of  about 
$18,000  on  shoulder  work,  ditches,  sewers,  retaining 
\\-alls  and  other  miscellaneous  items.  No  part  of  this 
sum  is  chargeable  to  road  surfacing. 

Since  the  advent  of  road  construction  work  in  this 
county  in  1912,  the  total  cost  of  maintaining  concrete 
road  surfaces  amounted  to  $10,721.85.  Of  this  amount 
^4,822.82  was  expended  on  43,482  sq.  yd.  of  concrete 
surfacing  which  was  not  built  according  to  modern 
methods.  The  yearly  maintenance  cost  of  these  pave- 
ments for  the  last  3  years  is  shown  in  Table  I,  which 
is  abstracted  from  the  last  annual  report  of  Mr.  H.  J. 
Kuelling,   County   Highway  Commissioner. 

The  maintenance  methods  employed  by  Milwaukee 
County  on  its  concrete  roads  are  about  as  follows : 
The  surface  is  first  swept  with  a  steel  broom  to  loosen 
any  dirt;  after  this  the  spot  is  thoroughly  swept  with 
fiber  street  brooms ;  to  remove  the  fine  dust  which  the 
steel  brooms  leave  behind  ordinary  house  brooms  are 
used.  These  leave  the  surface  in  fairly  clean  condi- 
tion. 

The  depression  is  then  covered  with  hot  Tarvia 
No.  9  and  covered  with  coarse  sand  or  screenings  and 
opened  to  traffic.  In  case  the  depression  is  of  consid- 
erable depth  or  what  might  be  called  a  hole,  one  of 
two  methods  is  employed.  First  (in  case  it  is  desired 
to  avoid  delaying  traffic),  the  depression  is  cleaned,  as 
already  described,  and  then  painted  with  tar,  and  the 
v,hole  brought  to  grade  with  crushed  stone,  care  be- 
ing taken  not  to  have  the  stone  as  large  in  size  as 
the  depth  of  the  depression.  The  stone  is  tamped  in 
place  with  hand-tampers  or  rolled  with  a  roller,  if 
one  is  available,  and  the  voids  filled  with  a  heavy 
bituminous  road  binder,  allowing  about  1  gal.  per 
square  yard  per  inch  in  depth.  The  second  method 
is  to  cut  the  poor  place  out  entirely  and  after  trim- 
ming the  hole  and  thoroughly  sprinkling  sides,  fill  with 
the  same  mixture  as  was  used  in  the  original  road. 
After  pouring  the  concrete  the  surface  is  treated  the 
same  as  in  reconstruction. 

Small  defects  due  to  balls  of  clay,  sticks  or  coal 
getting  into  the  aggregate  are  best  repaired  in  the 
manner  described  for  shallow  depressions.  The  same 
is  true  of  battered  joints  or  cracks  that  may  appear. 

It  is  considered  economy  to  have  a  small  main- 
tenance crew  who  go  once  or  twice  each  year  over  all 


Year 
bJilt. 

ip:3.. 

Miles. 
..21.976 
..23.845 

YE.\RLY    iVIAINTENANCE    COST    OF    CONCRETE    ROADS    IN    MILVS^.\UKEE   COUNTY'.   WISCONSIN. 

Concrete                                Concrete                                  Concrete 
^maintenance  in  1914—,     ^maintenance  in  1915-^      ^mainten.nnce  in  1916-^                      ,„  ,   , 

Cost          Cost                         Cost         Cost                             Cost         Cost         , Total  cost—— — , 

Square                          per            per                           per            per                                per           per            Total           Per          Per 
vards          Cost        mile          vard.        Cost.       mile.        ^nrrl.           Cost.         mile.        yard            cost.          mile.       yard. 
226.777     $1,110.89     $50.55     $0.00489     $556.76     $2&.33     $0.00245      $    940.78     $J2.S5     $0.00414     $2,608.11?     $118.6;J     ^'>W'' 
250363           446.73       20..35         .00179       613.36       2&.72         .00245           S33.53       34.95          .00313       1,893.62          79.42         .0075 

400.861     1,121.21       30.83         .00279       1,121.21         30.83         ,0027 

203!l83     

Average 

yearly 

cost  per 

mile. 

$39.56 

39.71 

1915.. 
1916.. 

..36.36 
..19.50 
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the  roads  in  the  county.  Such  a  crew  consists  of  a 
foreman,  one  team,  and  four  laborers.  This  crew 
will,  under  average  conditions,  in  Milwaukee  County, 
cover  all  the  joints,  cracks  and  small  pits  in  from 
1  to  2  miles  of  18-ft.  road  in  one  day  at  a  cost  of  from 
$15  to  $30  per  mile  for  labor  and  materials. 

When  it  is  deemed  advisable  to  cover  the  entire  sur- 
face, the  same  method  of  cleaning  is  followed,  ex- 
cepting that  most  of  the  dirt  may  be  removed  with  a 
power  sweeper  and  the  tar  applied  with  a  power 
sprayer.  After  the  first  treatment  of  Vi  to  Vs  gal.  of 
t&r  has  been  applied,  a  second  may  be  added  in  the 
same  manner  excepting  that  an  asphalt  may  be  substi- 
tuted for  the  tar,  as  it  will  adhere  to  the  tar  already 
placed  where  it  will  not  to  the  concrete. 


Use  of  Subbase  with  Concrete 
Surfaces 

An  investigation  of  the  use  of  subbase  with  con- 
crete surfaces  has  been  conducted  recently  by  the 
Universal  Portland  Cement  Co.,  Chicago.  Letters 
were  sent  to  engineers  in  various  parts  of  the  country' 
asking  their  opinion  and  practice.  In  all  86  replies 
Vv'ere  received.  The  information  requested  was  as  fol- 
lows: (1)  Is  the  cost  of  a  subbase  justifiable?  (2) 
Does  its  use  facilitate  drainage?  If  so,  to  what  degree? 
(3)  Is  it  of  value  when  used  on  heavy  clay  subgrade? 
If  so,  what  thickness   is  most   desirable?      (4)   What 


should   be  the  maximum  and  minimum  thicknesses? 

(5)  What  quality  and  kind  of  material  is  preferable? 

(6)  Should  the  subbase  be  rolled  and  tamped?  (7) 
Have  any  of  your  observations  indicated  that  a  sub- 
base  increases  or  reduces  the  injurious  effects  of  frost 
action?  (8)  Can  you  point  out  any  advantages  or  dis- 
advantages not  suggested? 

A  summary  of  the  replies  to  the  questionnaire  in- 
dicates the  following: 

Question  1 — Consensus  of  opinion  seems  to  be  that 
the  cost  of  a  subbase  in  general  is  not  justifiable. 

Question  2 — General  opinion  seems  to  be  that  it  fa- 
cilitates drainage  only  when  proper  drains  are  sup- 
plied to  carry  away  the  water. 

Question  3 — The  majority  seems  to  think  a  subbase 
beneficial  on  heavy  clay  subsoils — but  many  of  these 
engineers  are  from  southern  states  and  claim  that  in 
their  localities  it  is  unnecessary  but  that  they  believe 
it  would  be  if  climatic  conditions  were  more  varied, 
v.hile  many  of  the  northern  engineers  believe  it  is  not 
only  unnecessary  but  is  actually  detrimental.  How- 
ever, all  agree  that  whenever  used  proper  side  drains 
are  necessary. 

Question  4 — The  minimum  and  maximum  thick- 
nesses seem  to  be  4-in.  and  8-in.,  respectively. 

Question  5 — Any  porous  material  seems  to  be  satis- 
factory: gravel,  slag,  sand,  cinders,  crushed  stone. 

Question  6 — The  opinion  is  almost  general  that 
when  used  the  subbase  should  be  well  compacted. 


T.XBLE    I.— SUaiM.ARY    OF    RF.p-LIES    TO    QUESTION'S    REG.VF 
Is   subbase    of    \'aiue    when    used 
on    heavy    clay    subgrades?      If 
Xame.  .so,  vvhat  thickness  is  most  de- 

sirable? 

J.  A.  Gehres.  Akron,  0 6  in.   tamped  and   4-in.  drain  tile. 

.\.   Lenderlink,   Kalamazoo.    Mich Ves;    6    in. 

E.  F:,   Spetman.  Council  Bluffs,  la 

J.  H.  Weatherford,  Memphis,  Tenn....Yes.  i 

L.  A.  Washington.  Paducah.  Ky No. 

F.  L.  Ford,  New  Haven,  Conn Yes;    C    in. 

E.  H.    Rogers,    Newton,    Mass Yes;  12  in. 

J.   D.    McLeod.   Helena,   Mont .Possibly. 

A.  G.   Brusewitz,  Appleton,  Wis When  side  drains  are  provided. 

Hal  Xloseley,  Dallas,  Texas Questionable. 

B.  E.    Briggs,   Erie.   Pa Yes;    (i    in 

C.  E.   Boiling.   Richmond.  Va Yes. 

C.  M.  Roberts.  Chicago Yes;  1  in. 

H.  C.  McClure,  Toledo,  O No. 

F.  AV.  Ollius,  Jr.,  E.  Milwaukee,  Wis.. No. 

W.  H.   Connell.   Philadelphia,   Fa 

.John  Wilson,  Duluth,  Minn No. 

Bert  C.  Wells,   Wichita,   Kan Yes;  3  to  4  in. 

R.   B.   Seawell.  Raleigh,  N.  C Ves;   4  to  5  in. 

J.    A.   Jones,    Lewistor^   Me Tes;  (Tin. 

W.  L.  Vennari,  Lynn,  Mass 

A.  H.   Terry,  Bridgeport.  Conn Yes  when   outlet   is  provided. 

J.    Kemper,    Utiea,    N.    T Tes;  C  to  »  in. 

F.  H.  Anders,  Fargo,  N.  D No. 

F.  E.  Weaver,  Hamilton,  O Yes;  6  to  S  in. 

J.  "W.  Shields,  Altoona,  Pa Yes;  fi  in. 

C.  Harrison.  Everett,  Mass Yes;  8  to  12  in. 

B.  K.  Finch,  Wilkesbarre,   Pa Yes;  6  to  9  in. 

A.  D.   Marble.  Lawrence,  Mass 

C.  R.  Twiss,  Vicksburg,  Miss fi  to  S  in. 

T.   P.  McCauley,   Cedar  P^apids.  la.... Yes:  4  in. 

A.   W.   D.    Hall.   Jackson,   Mich 6  to  12  in. 

P.   B.  Wilson,  Marion,  111 Tn  special   cases,   4   in. 

A.  E.  McMahon,  Menasha,  Wis Yes;  4  in. 

Benton  E.  Anderson,    Clinton,  la No. 

George  W.   Cooley,  St.   Paul.   Minn. ..  .Justifiable  on  heavy  clay;  6  in. 

T.  H.  Johnson,  Sioux  City,  la No.  unless  as  a  stiffener. 

W.   A.   McLean.  Ontario,  Canada Yes;  3  In. 

C.    H.    Piepmeier,    Springfield.   Ill No. 

Wm.    Kimball.   Davenport,    la Tes;  6  In. 

E.  G.  Orbet,  West  Allis.  Wis 

A.  C.  Remly,  Appleton,  Wis Tes;  2  to  5  in. 

C.    V.    Kercle,    Janesville,    Wis No. 

E.  F.  Harper.  East  St.  Louis.  Ill Yes:  4  in. 

George   Randall,    Oshkosh,   Wis Tes;  2  in. 

J.  G.   Thorne,   Clinton,  la 4  to  15  in. 

B.  C.  Gowen,  Wausau.  Wis Tes. 

W.   H.   Steiner,  Marshalltown,  la No. 

.7.   Donahue.   Sheboygan,  Wis Yes. 

W.  M.  Atchinson.  Syracuse,  N.  T Tes.  • 

E.  B.    Parsons,  Milwaukee.  Wis Tes;  4  in. 

A.  D.  Williams,  Morgantown,  W.  Va..Tes.  under  certain  conditions. 
J.   G.   Gableman,  Chicago Not   unless   proper  drainage    is 

provided. 

P.  C.  Lohman,  Champaign,  EI Yes;  3  in. 

H.   B.   Overesch,   Lafayette.   Ind Yes;  fi  to  8  in. 

Roscoe  N.  Clark,  Hartford.  Conn ^^scentisil:  12  in. 

F.  LeCocq,  Aberdeen,  S.  D 2  to  6  In.  ,  ^^^ 
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SUBBASE  ON  CLAY   SX'BGRADE. 

What  should 

be 

the 

maximum  a 

nd  min- 

What   quality   and   kind   of  ttiaterial 

imum   thicknes 

ses? 

is  preferable? 

,  in. .tamped. 

Screened   gravel  or  slag. 

6  in.— 4  in. 

Sand  or  gravel. 

Cinders  or   cinders   and  sand. 

U  in. 

A     coarse,     loose     material,     such     as 

crushed  stone  from  1  to  IVt  in. 
Rock    or    free   gravel. 

4  in.— S  in. 

Use    1:3:6    pt.    cement    foundation    tor 
their    pavements. 

12  in.— ff  in. 

Cinders,   gravel,   crushed  stone. 

4  in.— 6  in. 

Cinders,  gravel. 

6  in.— 8  in. 

Pit-run  gravel. 

2  in.— 4  in. 

.-\ny   cheap   porous  material. 

4  in.— S  in. 

Broken    stone,    slag,    cinders,    gravel, 

coarse   sand. 
Giavel,    cinders. 

1  in.— 1%  in. 

Sand. 

1^4  in.  at  center 

and 

Gravel. 

6  in.  at  cu 

rbs. 

Cinders. 
Cinders,  slag. 

3  in.— 6  in. 

Sand. 

4  in.— 6  in. 

Cinders. 

4  in.— 8  in. 

Broken  stone. 

Depends  on  material. 

Cinders,    coarse   gravel. 

3  in. — 6  in. 

f-and.   gravel,  cinders. 

6  in.— 12  in. 

Field  stone  overlaid  with  crusher  tail- 
ings. 

4  in.— 8  in. 

Bank-run    gravel. 

4  in.— 8  in. 

.Screened  gravel. 

e.  in.- 12  in. 

Cinders,    coarse   gravel. 

6  in.— 9  in. 

Cinders. 

fi  in.— 12  in. 

Cinders. 

4  in.— 6  in. 

Sand. 

6  in.— 12  in. 

Cinders,    gravel. 

■1  in.— fi  in. 

Gravel,  sand,   cinders. 

Crushed    stone. 

4  in. 

Fine    Sand. 
Sand,  gravel. 
Anything   porous. 

3  In. 

Cinders,  gravel. 

6  In. 

Cinders. 

a  in.— 6  in. 

Cinders,  gravel. 

2  in— 5  in. 

Cinders. 

2  in.— 6  in. 

Cinders,  coarse  sand. 

2  in.— 4  in. 

Gravel. 

T^A  in.— 21,4  in. 

Sand,   gravel  (fine). 

4  in.— 1.5  in.- 

Sand,   gravel,   cinders. 

Sand   and   gravel;   never  cinders. 

No.     ■ 

Sand,   cinders. 

3  in.— 6  in. 

Cinders. 

e,  in. 

Gravel,   stone. 

1  in.— C  in. 

Cinders,   gravel. 
Broken   stone. 

fi  in.— 8  in. 

Broken    stone: 

Gravel. 

4  in.— 8  in. 

Gravel,    cinders. 

c  in.— 12  in. 

Crushed  rock,  graVel,  sand,  cinders. 

2  in.— 6  In. 

Cinders. 
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Question  7 — Many  seem  to  think  that  the  injurious 
effects  of  frost  action  are  increased  by  the  use  of  a 
subbase,  though  the  majority  claim  such  action  is  re- 
duced provided  the  subbase  has  proper  side  drains. 

Question  8 — Several  points  brought  out  are:  Make 
work  possible  on  clay  subgrade  in  wet  weather.  That 
it  is  a  detriment  in  that  it  absorbs  water  from  the 
green  concrete. 

A  summary  of  replies  to  questions  3,  4  and  5  is  given 
in  Table  I. 


"All  Year"  Cab  for  Motor  Trucks 

An  innovation  that  is  destined  to  have  a  marked 
effect   on  the   efficiency  and  comfort  of  motor  truck 

drivers  and  one  that 
will  give  increased 
results  to  truck 
owners  is  that  of  the 
all  year  cab,  origi- 
nated, designed  and 
built  by  the  Kissel 
Motor  Car  Co.,  Hart- 
ford, Wis.  This  is  a 
new  adaptation  of 
Kissel's  original  con- 
vertible idea,  giving 
to  truck  drivers  a 
closed  cab,  which 
can  be  easily  and 
quickly  changed  into 
the  Kissel  standard 
open  cab  in  summer. 
Standing  a  little 
over  5  ft.  from  chas- 
sis frame  to  roof, 
the  cab  frame  is  of 
extra  hard  wood, 
■bolted  and  locked.  All  sides  and  doors  are  covered 
with  specially  treated  sheet  metal,  enabling  the  cab  to 
withstand  the  twists  of  the  frame  when  negotiating 
rough  roads.  The  dash  is  of  heavy  plated  metal,  giv- 
ing unusual  substantiality. 

The  all  year  cab,  which  is  exclusive  with  the  new 
Kissel  trucks,  is  in  its  open  form,  without  the  winter 
inclosures,  standard  equipment  on  all  the  new  Kissel 
truck  models  excepting  "The  Flyer"  light  delivery 
car.  The  winter  inclosures  for  the  all  year  cab  cost 
$50  extra. 


Sidewalk  Receptacle  for  Street   Cans 

A  useful  type  of  sidewalk  receptacle  for  the  cans 
employed  by  the  street  cleaning  department  for  street 
sweepings  and  refuse  has  been  adopted  by  the  cities 
of  Springfield  and  Worcester,  Mass.  An  excavation 
about  3  ft.  in  diameter  and  about  5  ft.  in  depth  is 
made  just  inside  the  curb,  in  the  sidewalk  or  tree  belt. 
The  bottom  is  filled  to  the  depth  of  about  2i'2  ft.  with 
crushed  rock,  to  allow  for  drainage,  and  a  24-in.  2-ft. 
length  of  sewer  pipe  is  placed  bell  end  down  upon  the 
•crushed  rock.  A  pivot  lock  cover  is  then  placed  on 
top  of  the  sewer  pipe.  The  excavation  around  the  sewer 
pipe  is  filled  with  dirt  and  packed  to  within  about  a 
loot  of  the  surface  and  the  remainder  of  the  surface 
is  set  in  concrete,  leaving  the  cover  flush  with  the 
sidewalk.  The  principal  feature  of  this  installation 
is  the  cover.  This  device  consists  of  a  locking  and 
operating  mechanism,  the  working  parts  of  which  are 
simple,  compact  and  only  three  in  number.  The  parts 
.are  incased  in  a  moisture  and  dirt-proof  housing  at- 


tached to  the  frame  andiloated  in  grease.  The  mech- 
anism is  operated  by  a  key  wrench  having  a  T-ha^dle 
about  3  ft.  high,  the  lifting  power  being  applied  from 
the  under  side  of  the  cover.  The  device  is  known  as 
the   "Rausehousen  Pivot  Lock  Cover."      It    is    being 


Pivot   Lock   Cover   for   Sidewalk   Receptacles. 

placed  on  the  market  by  East  Iron  &  Machine  Co., 
Lima,  0. 


A  Cast  Iron  Guide  Board  with  Removable 
Letters 

A  highway  guide  board  of  especially  useful  design 
i.<-  being  employed  along  the  Lincoln  Highway  and  in 
certain  sections  of  New  England.  The  post  is  cast 
iron  and  is  imbedded  in  concrete  below  the  frost  line. 


The    Leb-lron   Guide   Board. 

The  directions  on  the  board  are  in  heavy  raised  let- 
ters with  a-baked  enamel  finish.  The  board  is  so  built 
that  the  letters  can  be  removed,  which  makes  it  pos- 
sible to  replace  any  damaged  symbols.  This  guide 
board  is  known  as  the  Leb-lron.  It  is  manufactured 
by  the  Lebanon  Machine  Co.,  Lebanon,  N.  H. 
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How  City  Waterworks  Can  Pro- 
fitably Be  Used  for  Irriga- 
tion Purposes 

In  order  to  indicate  somewhat  specifically  how  a 
city  waterworks  can  profitably  sell  water  for  garden 
irrigation,  we  shall  assume  conditions  that  prevail  in 
many  a  city  of  8,000  to  20,000  people. 

The  investment  in  the  plant  is,  say,  $40  per  capita, 
of  which  $12  is  prorated  to  fire  protection,  based  on 
the  "peak  load"  or  maximum  demand  for  fire,  and  not 
on  the  quantity  of  water  used.  This  leaves  a  $28  in- 
vestment per  capita  for  residential  and  other  service. 
Again  prorating  on  the  basis  of  peak  load  require- 
ments, we  have,  say  $20  per  capita  for  residential 
service  only.  With  5  members  in  the  average  house- 
hold this  gives  $100  investment  per  household.  Let 
interest,  depreciation  and  repairs  be  9  per  cent,  or 
$9  per  year  per  household.  Then  the  fixed  and  mini- 
mum plant  charge  becomes  75  ct.  per  household 
per  month,  whether  any  water  is  used  or  not. 

Let  the  cost  of  fuel  and  labor  at  the  pumping  sta- 
tion be  2  ct.  per  1,000  gal.  when  only  75  gal.  per 
capita  are  pumped  daily.  This  pumping  cost  would 
Ihen  be  22  cts.  a  month  for  a  household  of  5  people 
using  about  11,000  gal.  a  month.  Liquid  chlorine 
for  this  amount  would  cost  about  0.05  ct.  per  1,000 
gal.  or  about  0.5  ct.  a  month.  This  makes  a  total 
monthly  cost  of  97.5  cts.  exclusive  of  metering.  The 
monthly  interest,  depreciation,  repairs,  reading  and 
billing  cost,  say,  20  cts.  per  meter,  which,  added  to 
97.5  cts.,  is  $1,175,  exclusive  of  general  expense,  as 
the  monthly  cost  per  household  service  with  a  con- 
sumption of  about  11,000  gal.  a  month. 

Let  the  base  rate,  then,  be  $1.25  a  month  per  house- 
hold service,  with  no  further  charge  unless  the  water 
consumption  exceeds  10,000  gal.  per  service.  Then 
let  the  charge  decrease  very  rapidly  for  all  water  used 
in  excess  of  10,000  gal.,  thus: 

Per  l.ono  gal. 

First    5,000    gal.    excess fi  ct. 

Second    5.000    gal .i  ct. 

-Ml  over  20,000   gal 4  ct. 

In  the  arid  regions  of  the  west  it  has  been  found 
that  3  acre-feet  of  water  per  season  are  ample  for 
irrigating  nearly  every  kind  of  crop.  An  acre-foot 
(1  ft.  deep  over  an  acre)  is  about  325,000  gals.  Hence 
an  acre-foot  of  water  at  4  cts.  per  1,000  gals.,  costs 
$13.  An  acre-foot  of  water  in  addition  to  the  normal 
rainfall  is  ample  for  a  season's  irrigation  in  the 
humid  parts  of  America,  such  as  the  northern-central 
and  the  eastern  states. 

It  is  obvious  that  several  times  4  cts.  per  1,000  gals. 


can  profitably  be  paid  for  water  with  which  to  irri- 
gate "garden  truck"  in  the  humid  parts  of  America, 
for  the  value  of  the  garden  crops  often  runs  as  high 
as  $1,000  an  acre  per  season.  Where  additional  wells 
and  reservoirs  are  needed  to  supply  the  increased  de- 
mand for  water  for  irrigation,  the  charge  for  water 
for  city  irrigation  must  be  increased,  but  an  exist- 
ing plant  will  suffice  in  most  cities,  for  years  to  come, 
provided  the  present  water  waste  is  reduced  by 
metering. 

If  for  each  city  the  costs  are  analyzed  as  above  in- 
dicated, and  there  is  put  into  effect  a  scientific  sched- 
ule of  rates  based  on  metering  the  supply,  there  will 
be  few  if  any  cities  that  will  not  find  it  profitable  to 
sell  water  at  very  low  rates  for  irrigating  back  yards, 
vacant  lots,  and  suburban  gardens. 

We  tacitly  assume  that  on  the  real  estate  of  the 
city  there  should  be  levied  a  tax  to  pay  an  adequate 
hydrant  rental  for  fire  protection.  From  one-quarter 
to  one-half  the  annual  interest  and  depreciation 
charges  on  a  waterworks  plant  should  ordinarily  be 
assessed  against  fire  protection.  Except  skilled  hy- 
draulic and  rate-making  engineers,  there  are  few 
men  who  realize  that  the  peak  load  on  a  water  plant, 
due  to  the  great,  though  brief,  demand  for  water  at 
time  of  a  conflagration,  is  such  as  to  make  equitable 
a  very  large  charge  for  fire  protection. 

If  every  city  would  employ  a  skilled  hydraulic 
engineer  to  plan  its  rate  schedules,  and  would  follow 
his  advice,  there  is  not  the  slightest  doubt  that  water 
now  wasted  would  be  diverted  to  the  irrigation  of 
gardens.  Direct  profit  to  water  plants  would  result, 
but  the  profit  to  the  community  would  be  manifold 
greater  through  the  increased  production  of  vege- 
tables and  fruits. 


Two  TJiousand  Dollar  Income 

from  an  Irrigated  Acre  in 

Bridgeton,  N.  J. 

In  our  last  Waterworks  and  Hydraulic  Monthly  is- 
sue, we  gave  some  striking  instances  of  the  profits 
derived  by  owners  of  small  tracts  of  land  in  the  city 
of  Bridgeton,  N.  J.,  as  a  result  of  irrigation.  The 
city  supplies  water  for  32  small  irrigating  plants  of 
less  than  an  acre  each,  the  water  being  delivered  to 
the  crops  from  overhead  pipes. 

Mr.  John  S.  Ware  last  year  sold  $2,100  worth  of 
produce  from  IVg  acres,  and  netted  a  profit  of  more 
than  $700  after  paying  for  all  labor.  The  detail 
figures  are  given  in  our  June  13  issue. 

Mr.  John  P.  Marts  last  year  made  a  profit  of  $2,000 
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from  one  acre,  not  counting  the  value  of  his  own 
time.  This  year  he  is  cultivating  three  acres  and 
expects  to  clear  $5,000.  Two  years  ago  he  was  a  glass- 
blower,  and  when  the  factory  closed,  he  turned  to 
farming  on  a  small  scale.  He  eked  out  a  living  from 
an  acre  the  first  year,  but  the  next  year  his  net  income 
was  $2,000.  His  principal  product  is  lettuce,  and  he 
raises  a  spring  and  a  fall  crop  totaling  63,000  heads 
from  an  acre.  His  success  is  attributable  to  irriga- 
tion. 

Mr.  Ware,  for  his  IVs  acres,  paid  the  city  $30  for 
water  in  1916.  The  city  charges  at  the  rate  of  2  cts. 
a  year  per  foot  of  overhead  sprinkling  pipe,  which  in- 
dicates that  he  had  1,500  ft.  of  pipe,  or  less  than  1,340 
ft.  per  acre.  (See  our  issues  of  Jan.  10  and  Feb.  14 
for  methods  and  cost  of  constructing  and  operating 
overhead  or  spray  irrigating  systems  and  the  amount 
of  water  required.) 

The  U.  S.  Dept.  of  Agriculture  states  that  with 
the  spray  system  of  irrigation,  truck  gardeners  in 
humid  districts  ordinarily  use  only  ^2  acre-foot  of 
water  per  season,  or  160,000  gals,  per  acre.  Sandy 
soil  requires  more  water  than  clayey  soil.  If  Mr. 
Ware  used  an  acre-foot,  he  paid  about  10  cts.  per 
1,000  gals,  for  water  during  1916.  Note,  however,  that 
the  value  of  his  crop  was  70  times  the  price  paid 
for  the  water.  Is  it  to  be  wondered  that  a  truck 
gardener  is  willing  to  pay  liberally  for  water  under 
such  conditions? 

The  present  high  prices  of  vegetables  yield  higher 
profits  than  can  normally  be  expected,  but  results 
such  as  those  above  cited  make  it  very  clear  that 
nearly  every  water  works  superintendent  has  been 
"asleep  at  the  switch."  The  U.  S.  Dept.  of  Agriculture 
estimates  that  there  are  2,000,000  backyard  gardens 
that  have  come  into  existence  as  a  result  of  the  war 
and  the  publicity  given  by  newspapers.  Probably 
many  of  these  gardens  will  be  failures,  for  one  or 
another  reason.  Let  water  works  superintendents  and 
engineers  teach  the  public  how  to  irrigate  and  man- 
age such  gardens,  and  there  will  be  relatively  few 
failures  next  year. 

With  the  water  bills  that  are  mailed  there  should 
be  enclosed  a  pamphlet  on  garden  irrigation  and  ad- 
vice on  the  raising  of  difi'erent  kinds  of  vegetables. 
The  Department  of  Agriculture  will  furnish  you  bul- 
letins that  can  bs  abstracted  for  this  purpose.  Start 
your  publicity  campaign  this  winter  and  make  up 
your  mind  thereby  to  increase  your  sales  of  water 
next  spring.  For  every  dollar  that  you  add  to  the 
income  of  the  waterworks  plant  there  will  be  fully 
ten  added  to  the  profits  of  those  who  use  the  water 
for  garden  irrigation. 


Does  Liquid  Chlorine  Provide 

Complete   Protection 

Against  Typhoid? 

In  our  last  Waterworks  and  Hydraulic  Monthly  is- 
sue we  published  letters  from  two  of  our  readers 
questioning  the  accuracy  of  an  editorial  in  a  previous 
issue  wherein  we  had  said  that  an  expenditure  of  2 
cts.  per  capita  per  annum  for  liquid  chlorine  insures 
immunity  from  typhoid  fever.  Our  readers  did  not 
question  the  efficacy  of  liquid  chlorine  nor  its  low 
cost  per  capita,  but  they  pointed  out  that  typhoid  is 
not  always  conveyed  through  the  water  supply.  Ty- 
phoid among  our  soldiers  in  the  Spanish  war  was 
cited  as  an  example  of  the  spread  of  the  disease 
through  the  agency  of  flies. 


Of  course  we  were  aware  of  the  fact  that  flies 
and  other  carriers  may  spread  the  germs  of  typhoid, 
and  that  milk  and  other  foods  are  occasionally  con- 
taminated; but  the  total  effect  of  all  such  causes  of 
typhoid  in  cities  is  infinitesimal  compared  with  the 
number  of  typhoid  cases  directly  traceable  to  con- 
taminated water.  This  is  strikingly  apparent  when 
the  death  rate  from  typhoid  before  treatment  of  water 
is  compared  with  that  subsequent  thereto. 

In  a  city  that  is  sewered  the  effect  of  flies  as  car- 
riers of  typhoid  is  practically  nil.  In  camps  and  in 
unsewered  places  the  danger  from  flies  is  great.  This 
leaves  only  three  important  sources  of  typhoid  fever 
in  cities — the  water,  the  milk,  and  human  "carriers." 
Some  persons  carry  the  germs  of  typhoid  in  their 
fcystems  indefinitely,  and  spread  the  disease  to  others 
by  infecting  the  food  that  they  handle.  Such  "car- 
riers" are  relatively  rare,  and  obviously  would  be- 
come almost  non-existent  if  the  primary  source  of 
infection — the  water  supply — were  purified.  Due  to 
the  action  of  state  boards  of  health,  the  danger  of 
infection  from  milk  is  already  small  and  is  steadily 
decreasing.  If  all  farm  water  used  in  washing  milk 
cans  were  treated  with  liquid  chlorine,  typhoid  danger 
from  milk  would  be  eliminated. 

While  it  was  not  our  intention  to  criticise  the  ef- 
ficacy of  typhoid  vaccination,  we  regard  it  as  un- 
necessary for  people  living  constantly  in  cities  where 
the  water  is  properly  treated.  Furthermore  we  believe 
it  can  be  made  unnecessary  for  all  Americans,  other 
than  those  living  in  camps  or  where  it  is  impractic- 
able to  protect  all  excreta  from  flies.  Certainly  it  is 
feasible  to  treat  water  in  the  smallest  town,  and 
even  on  the  farm,  with  liquid  chlorine.  The  cost  is 
nominal  and  the  insurance  against  typhoid  is  pur- 
chased at  less  cost,  to  say  nothing  of  reduced  incon- 
venience, than  by  vaccination. 
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Economy  of  Small   Earth   Reser- 
voirs as  Adjuncts  to  Pumping 
Plants  for  Irrigation 

Whether  electricity,  gasoline  or  steam  is  the  motive 
power  in  pumping  for  irrigation,  it  will  usually  be 
found  economic  to  provide  a  reservoir  even  where  the 
plant  is  small.  In  California,  where  electric  power 
from  central  stations  is  largely  used  by  farmers,  it 
was  soon  discovered  by  the  farmers  that  it  pays  them 
to  keep  down  the  size  of  their  motors,  for  electric 
rates  involve  a  minimum  monthly  charge  per  horse- 
power of  installed  capacity  plus  a  kilowatt  hour 
rate.  A  5  H.  P.  electric  motor  driving  a  small  pump 
continuously — as  it  may  if  there  is  a  reservoir — is 
far  more  economical  than  a  50  H.  P.  motor  that  works 
intermittently  to  supply  the  water  as  it  is  needed. 

While  this  fact  is  clearly  apparent  when  electricity 
is  purchased  on  a  scientific  rate  schedule,  it  is  not 
as  apparent  when  an  irrigator  develops  his  own  power. 
Nevertheless  it  can  be  readily  demonstrated  that  even 
where  gasoline  or  distillate  engines  are  used  it  ordi- 
narily pays  better  to  have  a  small  engine  that  pumps 
continuously  into  a  reservoir  than  to  have  a  large 
engine  that  pumps  directly  into  the  field. 

In  our  last  Waterworks  and  Hydraulic  Monthly, 
p.  531,  we  gave  some  very  interesting  data  relative  to 
the  construction  and  cost  of  small  earth  reservoirs, 
holding  125,000  to  750,000  gals,  and  costing  only  $125 
to  $350.  One  of  these  earth  reservoirs  holding  500,000 
gal.,  was  built  in  1916  for  $350,  and  furnishes  water 
for    110   acres,   making  the   reservoir  cost   but   little 
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more   than   $3  an   acre.       A  25   H.   P.  Westinghouse 
motor,  driving  a  4-in.  Byron  Jackson  pump,  furnished 
the  water,  so  that  the  power  is  less  than  1/4  H.  P.  per  ■ 
acre. 

In  another  instance,  a  cement  lined  reservoir  hold- 
ing 125,000  gal.  and  costing  $380,  irrigates  27  acres, 
making  the  cost  of  reservoir  nearly  $15  per  acre. 
Here  a  5  H.  P.  motor  and  2-in.  horizontal  pump  is 
used,  or  less  than  0.2  H.  P.  acre.  The  annual  expense 
of  irrigating  these  27  acres  is  $250,  or  less  than  $10 
per  acre. 

There  are  45  of  these  small  reservoirs  in  the  terri- 
tory served  by  the  Southern  Sierras  Power  Co.,  of 
Riverside,  Calif.,  which  were  built  within  the  past 
two  years. 


The  Opportunity  for  Civil  Engi- 
neers   as  Waterworks 
Superintendents 

The  rapid  spread  of  the  "city  manager"  form  of 
municipal  government  indicates  very  clearly  that  the 
American  public  is  heartily  sick  of  the  time-honored 
— or  rather  time-dishonored — methods  of  city  admin- 
istration. And  with  the  advent  of  "city  managers," 
selected  by  a  commission  instead  of  by  election,  has 
come  the  management  engineer  as  a  great  factor  in 
city  affairs.  This  movement  will  continue  to  spread, 
and  it  is  to  the  interest  of  civil  engineers  to  promote 
its  spread,  not  only  from  city  to  city  but  throughout 
all  the  technical  departments  of  every  city. 

A  water  department  is,  or  should  be,  a  technical 
department,  and  the  head  of  such  a  department  should 
be  technically  trained.  By  this  we  do  not  mean 
'hat  he  should  necessarily  be  a  graduate  of  a  tech- 
i.ical  school,  but  we  do  mean  that  he  should  at  least 
be  self-educated  in  matters  that  pertain  to  the  eco- 
nomic operation  of  a  waterworks  plant.  In  a  word, 
every  waterworks  superintendent  should  be  a  student 
of  what  other  superintendents  have  done  and  are 
doing  to  better  the  water  service  to  the  community 
and  coincidentally  to  increase  the  economy. 

Perhaps  one  waterworks  superintendent  in  three  is 
more  or  less  of  a  student  of  waterworks  problems. 
The  rest  simply  "fill"  their  positions  very  much  as 
a  knot  fills  a  knot  hole,  because  it  happens  to  be 
there.  Now,  the  "let  well  enough  alone,"  salary-suck- 
ing sort  of  a  superintendent  is  not  going  to  be  typical 
many  years  longer.  For  one,  this  journal  purposes 
conducting  a  campaign  to  assist  in  the  extermination 
of  that  type  of  city  officials. 

In  many  instances  the  present  superintendents  of 
waterworks  are  of  the  kind  that  never  will  wake  up 
and  change  their  mode  of  action,  or  rather  inaction. 
They  are  the  ones  that  civil  engineers  should  seek  to 
displace.  On  the  other  hand,  there  are  many  super- 
intendents who  will  be  aroused  by  the  increasing  pub- 
lic demand  for  more  effective  service  by  public  ser- 
vants, and  those  superintendents  stand  an  excellent 
chance  to  "make  good."  There  is  nothing  so  deeply 
technical  about  the  management  of  the  average  water- 
works that  a  man  may  not  educate  himself  to  be  an 
feflScient  superintendent,  provided  he  has  the  ability 
and  desire  to  learn.  But  here,  as  in  every  position  of 
a  technical  nature,  the  process  of  learning  should 
never  cease.  Not  a  month  passes  that  we  do  not  pub- 
lish new  information  that  will  increase  the  efficiency 
of  a  waterworks  manager,  if  he  will  only  study  it  and 
consider  its  applicability  to  his  own  problems. 


The    Need    of    Irrigation    in   the 
Humid  States 

Where  the  rainfall  exceeds,  say,  20  in.  annually  it 
is  customary  to  speak  of  the  climate  as  "humid."  It 
has  also  been  the  custom  to  regard  irrigation  as  being 
unnecessary  in  "humid"  districts,  but  within  the  last 
ten  years  there  has  been  a  slow  awakening  to  recog- 
nition of  the  fact  that  even  where  irrigation  may 
not  be  "necessary"  it  may  be  decidedly  economic. 

The  growing  season  in  our  northern  states  is  6 
months  long,  and  it  is  during  this  season  that  the 
crops  must  have  water  in  abundance  and  almost  con- 
tinuously. For  the  best  results  there  should  not  be 
a  spell  of  longer  than  about  two  weeks  without  at 
least  an  inch  of  rainfall,  and  during  this  six-month 
period  (Apr.-Sept.)  fully  18  in.,  or  II2  acre-feet  of 
water  are  needed.  While  there  is  usually  a  sufficient 
total  of  rainfall,  say  18  in.,  during  the  growing  sea- 
son, there  is  rarely  a  season  when  most  of  the  crops 
do  not  fail  to  get  the  needed  one-inch  of  rain  during 
some  stretch  of  two  weeks. 

A  few  years  ago  Mr.  Milo  B.  Williams,  Engineer 
of  the  U.  S.  Dept.  of  Agriculture,  in  charge  of  irri- 
gation investigations  in  humid  regions,  showed  that 
during  a  period  of  10  years  there  were  many  days  a 
year  when  insufficient  rain  fell  in  the  growing  season. 
The  following  is  the  average  number  of  days  when 
irrigation  was  needed  during  the  growing  season  in 
5  different  "humid"  localities: 
?"^'  Days. 

Iowa    (Ames)    19 

Wisconsin    (Oshkosh)     29 

New  Jersey   (Vineland)    35 

South  Carolina   (Columbia)    57 

Alabama    (Selma)    72 

Yet  in  none  of  these  places  was  the  average  annual 
lainfall  less  than  30  in.  (See  Engineering  and  Con- 
tracting, Aug.  28,  1912.) 

Civil  engineers  scarcely  realize  the  truly  tremen- 
dous amount  of  irrigation  work  that  awaits  their  ini- 
tiative in  this  country.  There  is  not  a  state  in  the 
Union,  from  water-logged  Florida  to  arid  Arizona, 
that   does   not    need   irrigation   this   very   summer. 

Pumping  plants,  reservoirs  and  pipe  lines  without 
iiumber  are  economic  necessities.  Yet  most  of  us  civil 
engineers  complain  that  there  are  too  many  engineers 
in  proportion  to  the  available  positions!  What  we 
have  lacked  is  imagination  and  initiative.  There  is 
work  enough  to  keep  evezy  American  civil  engineer 
busy  for  ten  years  to  come  putting  water  onto  "hu- 
mid" farms  whose  humidity  many  times  every  year 
fails  to  be  ample  at  the  right  time. 


The  air  in  water  is  undoubtedly  one  of  the  causes 
of  the  rusting  of  water  pipe.  Mr.  H.  R.  Holmes,  an 
engineer  of  Pensacola,  Fla.,  proved  that  an  excessive 
amount  of  air  in  the  water  was  the  cause  of  an  un- 
usual rapidity  of  corrosion  of  pipes.  The  corrosion  was 
so  rapid  that  it  had  been  attributed  to  electrolysis,  but 
Mr.  Holmes  not  only  showed  that  no  appreciable  elec- 
tric currents  existed  but  that  the  corrosion  of  the 
pipes  was  mostly  on  the  inside  and  at  the  top  where 
air  bubbles  were  liberated.  Water  drawn  from  a 
faucet  into  a  glass  liberated  bubbles  of  air  in  abun- 
dance. 


There  are  450  irrigation  companies  in  California, 
and  it  is  estimated  that  they  will  irrigate  a  million 
more  acres  in  1917  than  in  1916. 
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Costs  of  Preparing  Valuations  for 
Small  Water  Companies 

By  ALLEN  F.  BREWER,  JR. 

Mem.  A.  S.  M.   E.  Assistant   Engineer,   Valuation   Deparlmeni, 
Public  Utility  Commission  of  New  Jersey 

Under  present  day  methods  of  valuation  and  ap- 
praisal, among  the  many  important  questions  which 
are  constantly  arising  is  that  of  the  actual  monetary 
expense  entailed  in  performing  a  valuation  of  any 
particular  type  of  property.  From  time  to  time  well 
known  engineers  have  come  forth  with  .statements  of 
costs  to  inventory  and  appraise  a  certain  public  util- 
ity or  industrial  corporation,  derived  from  personal 
experience  and  expenses.  Elaborate  tables  of  de- 
tailed expenses  and  methods  pursued  are  nearly  al- 
ways a  part  of  such  papers,  together  with  complete 
descriptions  of  conditions  met  with,  and  conclusions 
drawn.  Such  data,  it  is  of  course  granted,  are  of  in- 
estimable value  to  the  engineering  profession  and 
particularly  to  those  who  have  to  deal  with  valuation 
work  of  any  magnitude. 

It  is  an  unfortunate  fact,  however,  that  the  engi- 
neer-authors seem  to  dwell  in  particular  on  data  rela- 
tive only  to  valuations  of  considerable  magnitude. 
This  may  probably  be  explained  by  stating  that  in  al- 
most every  instance  the  average  consulting  engineer 
who  specializes  in  valuation  work  deals  primarily 
with  corporations  of  million  dollar  capitalizations  or 
over.  As  well,  his  work  will  cover  a  wide  field  and 
afford  little  or  no  opportunity  for  comparison  of  costs 
entailed  or  methods  pursued.  For  example,  a  certain 
eminent  firm  of  engineers  deals  primarily  with  valua- 
tion work  in  the  interests  of  banking  houses  which 
intend  to  underwrite  issues  of  securities.  Such  val- 
uations are  many,  but  cover  every  conceivable  typo 
of  industrial  or  public  utility  corporation.  There- 
fore, can  fair  comparisons  result?  Can  the  costs  of 
valuations  of  gas  companies  be  compared  with  those 
for  electric  or  manufacturing  companies? 

It  is  with  the  smaller  types  of  corporations  that 
valuation  cost  data  are  particularly  needful,  and 
where  they  have  seemed  to  be  most  neglected.  Here 
let  us  consider,  for  a  moment,  the  several  purposes 
for  which  valuations  are  undertaken.  They  are:  For 
taxation  purposes;  for  rate  regulation;  for  issue  of 
securities;  for  determination  of  total  capitalization; 
for  sale  or  transfer  of  property;  and  for  establishing 
uniform  systems  of  accounts. 

By  study  of  the  above  it  is  thus  seen  how  frequently 
it  may  be  necessary  for  a  corporation  to  undertake  a 
valuation  of  its  physical  properties.  Of  course,  if  our 
corporation  in  question  be  a  public  utility,  should  any 
of  the  above  cases  arise,  in  nearly  all  states  where 
state  control  of  public  utilities  is  enforced,  the  valu- 
ation will  be  carried  out  by  the  valuation  department 
of  the  Public  Utility  Commission.  But  the  industrials 
must  still  take  care  of  themselves  or  employ  consult- 
ing engineers  to  perform  the  work.  Yet,  as  great  ac- 
curacy is  not  required  in  the  valuation  of  an  indus- 
trial or  manufacturing  plant,  as  in  that  of  a  public 
utility,  since  that  all-important  point  of  discussion, 
"Rate  Regulation,"  is  never  pertinent. 

The  rates  affixed  by  a  manufacturing  corporation 
to  its  products  are  governed  by  conditions  and  needs 
of  the  local,  national  or  world  markets.  The  public 
utility,  however,  cannot  raise  its  rates  as  it  sees  fit. 
Should  it  deem  this  to  be  essential  it  must  petition 
to  the  State  Public  Utility  Comrjiission  in  nearly  all 

instance?!    §vieh  s  petition  will  entail  valuation  by 
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the  Commission's  staff  of  engineers  before  a  decision 
can  be  handed  down  in  the  case. 

Inasmuch  as  the  author's  experience  has  been 
chiefly  with  valuation  of  public  utilities,  of  course  it 
is  along  such  lines  that  this  article  has  to  deal,  and 
in  particular  with  water  companies.  Many  times  in 
connection  with  his  professional  work  he  has  been 
questioned  by  officials  of  smaller-sized  utilities  as  to 
the  approximate  cost  of  an  inventory  and  appraisal 
of  their  properties.  As  a  result  he  has  compiled  cost 
data  of  a  number  of  recent  valuations  of  water  com- 
panies located  in  New  Jersey,  upon  which  he  has 
worked. 

It  is  frequently  the  desire  of  such  corporations,  as 
of  course  all  other  types,  to  ascertain  approximately 
the  reproduction  or  present  value  of  their  physical 
properties,  with  a  view  to  installing  additions  or  bet- 
terments, or  putting  forth  new  issues  of  securities. 
They  do  not  care,  however,  to  take  up  the  matter  with 
their  State  Public  Utility  Commission  unless  they  are 
reasonably  sure  that  they  have  ground  on  which  to 
base  their  contentions.  It  is  usually  their  belief  that 
engaging  professional  engineers  to  perform  such  a 
valuation  will  entail  expense  beyond  their  means; 
hence,  unless  their  proposed  betterments  are  really 
demanded  they  will  oftentimes  abandon  the  idea.  If 
they  do  ultimately  apply  to  the  Commission  for  an 
inventory  and  appraisal  perhaps  they  will  be  com- 
pelled to  wait  months  for  such  to  be  carried  out,  due 
to  work  preceding  theirs  before  the  valuation  depart- 
ment of  the  Commission. 

Thus,  the  patrons  of  the  particular  utility  suffer  in 
the  meantime.  On  the  other  hand,  if  the  officials  of 
our  particular  utility  could  form  an  approximate  idea 
of  the  cost  of  their  valuation  and  did  engage  valua- 
tion experts  to  carry  out  their  work,  they  would  be 
aiding  their  State  Commission  inestimably,  and,  as 
well,  would  begin  to  reap  the  additional  revenue  from 
their  betterments  far  sooner.  In  such  a  case  the  val- 
uation engineers  employed  by  the  Commission  could 
check  up  the  inventory  and  appraisal  set  before  them 
in  probably  one-tenth  the  time  that  it  would  take  to 
do  the  actual  -^ork  themselves,  and  immediately  turn 
it  over  to  the  Commission  for  discussion  and  decision. 
Therefore,  the  accompanying  cost  data  is  offered  in 
the  hope  that  it  may  encourage  officials  of  smaller 
water  companies  who  believe  that  a  valuation  means 
a  huge  expense.  In  order  to  avoid  breach  of  confi- 
dence it  has  been  deemed  best  not  to  state  the  names 
of  the  corporations  to  which  this  data  applies.  They 
are,  therefore,  designated  by  number  both  in  the  table 
and  on  the  chart. 

The  cost  of  making  a  valuation  will  be  governed  en- 
tirely by  conditions  local  to  the  corporation  under 
consideration.  Mo.st  important  will  be  the  condition 
of  the  books,  records  and  vouchers  at  the  time  of 
valuation.  If  these  have  been  kept  completely  and 
efficiently  .vear  by  year  it  will  be  a  simple  matter  for 
the  valuation  engineer  to  ascertain  original  costs  of 
all  improvements,  additions  or  extensions.  On  the  other 
hand,  if  the  records  are  incomplete  and  the  vouchers 
destroyed  it  will  be  necessary  to  estimate  cost 
data  from  previous  experience  with  similar  cases,  or 
to  make  studies  covering  a  reasonable  period  of  time 
in  order  to  obtain  fair  averages.  This,  of  course,  will 
take  more  time  on  the  part  of  the  engineer  and  will 
be  less  accurate  by  far  than  if  he  had  been  able  to 
note  costs  in  detail  from  the  records  of  work  orders  or 
authorizations.  Another  item  which  will  have  bearing 
on  the  final  valuation  cost  is  the  amount  of  field  work 
necessary,    Traveling  expenses,  hotel  bills  and  inci- 


Inlv 


i-..\(,i\i-',h:RiX(;    AXD    n  )\tra(;ti.\(; 


27 


dental  expenses  mount  at  an  alarming  rate,  therefore 
the  officials  of  the  corporation  should  make  every  ef- 
fort to  aid  the  engineers  in  such  matters  as  locating 
distribution  mains  on  a  proper  map,  scaling  lengths 
of  same,  listing  equipment,  measuring  structures  and 
many  other  items. 

Actual  inventory  can  very  often  be  most  efficiently 
performed  by  employes  who  have  to  do  with  certain 
departments  in  their  daily  work.  For  instance,  water 
meters  might  be  far  easier  inventoried  by  an  expert 
meter  man  than  by  a  professional  appraiser.  It  is 
granted  that  the  engineer  will  know  more  than  the 
meter  man,  but  the  latter  is  certainly  as  capable  of 
listing   his   meters   by   size,   make   and   type,   as   is   a 
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Chart    Showing    Fluctuation    of    Unit    Valuation    Costs    per   $1,000 
of   Cost   to   Reproduce  for   Water  Companies. 

high  salaried  expert.  If  the  company  prepares  such 
an  inventory  covering  its  entire  property,  listed  un- 
der the  proper  accounts  it  will  be  a  simple  matter  for 
the  engineer  or  appraiser  to  make  a  cursory  check  of 
this,  and  promptly  proceed  to  the  more  exacting  task 
of  pricing  the  same. 

It  is  interesting  to  note  the  effect  of  such  assistance 
on  the  part  of  the  various  water  companies  to  the 
appraisal  engineers,  in  the  accompanying  cost  figures. 
Table  1.  In  the  cases  of  Companies  No.  7  and  No.  8 
the   officials   used   every   means  at   hand   to   facilitate 
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paid  and  overworked.  Hence  the  engineers  should 
not  expect  much  if  any  assistance  in  making  their 
inventorj',  unless  it  is  possible  to  persuade  the  gang 
foreman  or  meter  man  to  work  overtime  in  listing 
tools,  meters,  hydrants,  valves  or  mains. 

The  chart  shows  the  curve  resulting  from  plotting 
the  unit  costs  and  costs  to  reproduce  tabulated  in 
Table  1.  It  will  be  seen  that  these  figures  are  fairly 
representative  of  conditions  existing  in  water  com- 
panies today,  under  or  near  a  capitalization  of  $300,- 
000,  and  the  costs  of  valuation  are  easily  within  rea- 
son, considering  the  field  conditions  met  with  by  the 
valuation  engineers.  As  well,  we  must  bear  in  mind 
that  the  above  costs  have  been  in  part  governed  by 
the  purpose  for  which  each  appraisal  was  made,  i.  e., 
an  appraisal  to  be  used  as  a  basis  for  fixing  of  rates 
would  naturally  be  made  more  carefully  than  one 
to  check  up  a  security  issue  or  to  form  a  basis  for 
opening  new  accounts.  In  Table  1,  Company  No.  6 
was  the  only  case  involving  a  rate  discussion,  and,  as 
might  be  expected,  its  unit  cost  is  the  highest.  The 
other  examples  were  all  made  for  the  purpose  of  re- 
organizations or  bond  issues,  both  of  which  purposes 
require  equal  care  in  the  performance  of  the  valua- 
tion work. 

In  conclusion,  therefore,  it  seems  fair  to  state  that 
the  accompanying  unit  costs  as  quoted  may  be  safely 
used  by  either  engineers  or  water  company  officials 
in  obtaining  a  reasonable  idea  of  what  a  proposed  val- 
uation would  cost,  provided  they  know  the  approxi- 
mate reproduction  co.st  of  the  company  in  question, 
the  purpose  of  which  the  valuation  is  to  be  made  and 
the  extent  to  which  they  can  use  cheap  labor  in  mak- 
ing the  actual  field  inventory. 

As  a  closure  it  is  interesting  to  note  the  statement 
made  by  Henry  Floy,  A.  B.,  M.  A.,  M.  E.,  in  his 
Valuation  of  Public  Utility  Properties,  page  52: 
"...  Where  there  are  many  structures  of  various 
types,  .  .  .  many  and  varied  elements,  making  the 
compilation  of  the  inventory  and  the  determination 
of  the  unit  prices  an  arduous  and  time  consuming 
task,  the  expense  of  the  appraisal  work  may  run  up 
to  a  dollar  or  more  per  thousand  dollars  of  property 
valued.     .     .     ." 


the  work  of  appraisal.  Records  were  particularly 
well  kept,  and  employes  aided  the  engineers  in  mak- 
ing their  field  inventories  and  summarizing  the  same. 
In  the  case  of  Companies  No.  1  and  No.  5  material 
assistance  was  aff'orded  by  the  officials,  but  much  of 
the  detail  of  the  inventory  work  was  performed  by  the 
engineers,  inasmuch  as  the  records  were  not  in  as 
good  condition  as  they  should  have  been.  Consider- 
ing the  four  remaining  examples,  Companies  No.  2,  3, 
4  and  6,  we  see  here  typical  cases  of  water  company 
Valuation,  where  practically  all  the  field  work  was 
done  by  the  valuation  engineers.  This  is  by  far  the 
most  common  condition  that  will  be  met  with  in  car- 
rying out  valuations  of  moderate-sized  public  utili- 
ties.    Their  employes  are  few,  and  in  general  poorly 


Artesian  Water  in  Arid  Arizona  Valley 

A  careful  and  thorough  study  of  the  artesian  and 
other  ground  waters  of  the  San  Simon  Valley  in  south- 
eastern Arizona  has  recently  been  completed  by  the 
United  States  Geological  Survey  and  the  Arizona 
Agricultural  Experiment  Station.  The  total  number 
of  flowing  wells  in  the  vicinity  of  San  Simon  in  1915 
was  127.  The  flow  of  these  wells  ranged  from  less 
than  a  gallon  to  about  300  gal.  a  minute,  and  the 
average  flow  from  116  wells  measured  in  1915  was  52 
gal.  a  minute.  The  combined  yield  of  the  127  wells,  if 
they  flowed  continuously,  would  be  about  15  second- 
feet,  or  6,700  gal.  a  minute.  Comparison  of  the  flows 
of  12  wells  measured  in  1913  and  1915  shows  that  in 
two  years  the  aggregate  yield  of  these  wells  decreased 
45  per  cent  and  that  individual  wells  showed  decreases 
in  flow  ranging  from  20  to  80  per  cent.  This  de- 
crease is  attributed  largely  to  the  filling  of  the  uncased 
wells  with  sand  and  the  caving  of  the  walls  of  these 
wells,  but  in  part  to  the  depletion  of  the  artesian 
supply.  The  Government  geologists  regard  it  of  the 
utmost  importance  to  the  future  welfare  of  the  valley 
that  all  wells  be  properly  cased  to  the  bottom  with 
heavy  casing  and  fitted  with  valves,  which  should  be 
closed  when  the  water  is  not  needed. 
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50,000,000  Gal.  Activated  Sludge 
Plant  Recommended  for  Stock- 
yards District  Chicago 

As  a  result  of  an  extended  investigation  conducted 
by  Mr.  Langdon  Pearse,  representing  the  Sanitary 
District  of  Chicago,  and  Mr.  VV.  D.  Richardson,  repre- 
senting plants  in  the  Union  Stockyards,  the  conclusion 
has  been  reached  that  the  activated  sludge  process 
offers  the  best  promise  of  a  solution  of  the  sewage 
problem  of  the  stockyards  district  of  Chicago.  In 
their  report,  made  public  recently,  Messrs.  Pearse 
and  Richardson,  present  preliminary  estimates  on  the 
cost  of  installing,  maintaining  and  operating  a  plant 
of  50,000,000-gal.  capacity,  that  would  produce  a  stable 
effluent  that  could  be  discharged  in  the  channel  of  the 
Sanitary  District.  They  recommend,  however,  that  a 
working  unit  be  constructed  at  once  and  operated  for 
at  least  6  months  before  the  definite  building  pro- 
gram is  decided  upon.  Extracts  from  their  report 
are  reprinted  below. 

In  addition  to  the  activated  sludge  process,  devices 
should  be  installed  to  catch  the  grit,  retain  grease 
and  screen  out  coarser  solids  arriving  at  the  plant 
prior  to  the  activated  sludge  treatment.  Such  com- 
munity screens  are  required  in  addition  to  the  in- 
oividual  screens  recommended  on  paunch  manure 
outlets. 

Grit  Chamber. — The  sewage  brought  to  the  plant 
should  be  carried  through  a  grit  chamber  with  a  mini- 
mum velocity  of  1  ft.  per  second,  to  settle  out  any 
mineral  matter  arriving  at  time  of  storm.  Part  of 
the  grit  chamber  may  serve  as  well  for  grease  skim- 
ming on  the  surface.  The  grit  chamber  should  be 
built  in  several  compartments  to  provide  ready  clean- 
ing. The  flow  length  has  been  made  approximately 
100  ft. 

The  amount  of  grit  retained  is  very  uncertain.  The 
results  of  the  testing  station  shows  0.02  cu.  yd.  per 
1,000,000  gal.     Probably  this  would  be  exceeded. 

Screens. — Coarse  bar  screens  should  be  provided, 
followed  by  fine  screens.  The  coarse  bar  screens 
should  have  a  clear  opening  of  about  1  in.  Should 
pumps  be  used,  the  screens  should  be  set  ahead  of 
the  pumps.  The  fine  screens  should  be  self-cleaning, 
of  a  mesh  from  20  to  30  per  inch  or  else  equivalent 
narrow  slots.  The  results  at  the  Sanitary  District 
testing  station  indicate  that  600  to  1,000  lb.  of  dry 
material  may  be  recovered  per  1,000,000  gal.  of  the 
day  flow  of  sewage.  This  material  has  a  moisture 
content  of  80  per  cent.     The  typical  analysis  follows: 

DRY    BASIS    PER    CENT. 

Fixed.  Volatile.  Nitrogen.         Ether  sol. 

•Screenings    5  9^  2. IS  9.4 

Inspection  of  this  material  shows  that  it  is  largely 
paunch  manure,  fibre,  fleshings,  guts,  etc.,  all  material 
slow  to  activate  and  troublesome  in  the  tanks.  The 
value  of  this  material  as  a  fertilizer  is  scarcely  higher 
than  barnyard  manure. 

Grease  Skimming. — Although  the  surface  of  the 
grit  chamber  will  undoubtedly  remove  a  considerable 
amount  of  grease  bearing  scum,  additional  facilities 
will  probably  be  required.  With  a  flow  of  105,000  to 
150,000  gal.  per  24-hours,  a  surface  area  of  10.25  sq. 
ft.  produced  a  removal  of  5  to  1,260  lb.  of  scum  per 
1,000,000  gal.  with  an  average  moisture  content  of 
75.6  per  cent  and  an  ether  soluble  content  on  a  dry 
basis  of  65.6  per  cent.  The  removal  of  ether  soluble 
material  varied  from  2.5  to  630  lb.  per  1,000,000  gal. 

In  addition,  considerable  data  (Table  I)  has  been 
acquired  from  the  actual  grease  skimming  basins  op 


erated  by  the  packers  at  the  outlet  of  Ashland  Ave. 
and  Center  Ave.  sewers.  The  area  of  the  basins  has 
averaged  3,196  sq!  ft.  at  Center  Ave.  and  about  1,200 
sq.  ft.  at  Ashland  Ave.,  with  a  supplementary  river 
area  at  Center  Ave.  of  9,000  sq.  ft. 

With  a  total  area  of  13,396  sq.  ft.,  therefore  approxi- 
mately 8,000  lb.  of  scum  have  been  caught  daily.  Of 
this,  roughly  3,600  lb.  may  be  ether  soluble. 

The  indications  are  that  an  area  of  3,000  to  4,000 
sq.  ft.  should  be  provided  for  grease  skimming,  with 
low  surface  velocities  and  high  bottom  velocities.  This 
would  be  ahead  of  the  activation  tanks.  The  grease 
skimming  tank  should  be  arranged  to  drain,  so  de- 
posits could  be  cleaned  out.  For  a  tryout  the  grit 
chamber  can  be  utilized,  built  to  permit  the  addition 
of  more  area  if  needed. 

Roughly  speaking,  from  the  new  plant  the  amount 
of  grease  collected  should  be  over  1,000  lb.  per  day,  or 
over  3,600  lb.  ether  soluble  material.  The  average 
collection  the  year  around  at  the  testing  station 
showed  360  lb.  "scum  per  1,000,000  gal.  or  over  47  lb. 
grease  per  1,000,000  gal.,  assuming  20  per  cent  of 
the  ether  soluble  matter  recoverable  as  grease.  Based 
on  an  average  flow  per  24  hours  of  30,000,000  gal.  the 
grease  would  be  1,410  lb. 

Aeration  Tanks. — In  accordance  with  results  ob- 
tained at  the  Sanitary  District  testing  station  on  the 
Center  Ave.  sewage,  the  estimates  have  been  made  for 
a  plant  to  produce  complete  stability  in  warm  weather 
on  the  following  assumptions: 

1.  The  aeration  of  the  screened  sewage  in  con- 
tinuous flow  tanks  using  4  cu.  ft.  of  air  per  gallon 
of  sewage,  with  an  8-hour  contact  period  of  sewage 
and  activated  sludge. 

2.  Sufficient  sludge  storage  capacity  in  the  aera- 
tion tanks  to  care  for  140  per  cent  of  the  sewage  en- 
tering the  tanks.  Approximately  40  per  cent  of  the 
incoming  flow  is  returned  from  the  settling  tanks,  as 
a  mixture  'of  sludge  and  sewage. 

3.  The  depth  of  the  tanks  has  been  fixed  at  16.5 
ft.  over  the  plates.  The  air  distribution  proposed  is 
through  filtros  plates  set  in  unit  boxes  of  cast  iron. 
The  ratio  of  the  area  of  filtros  plates  to  the  super- 
ficial area  of  the  tank  is  about  1  to  6;  1,080  sq.  ft.  of 
plate  area  are  provided  for  each  unit,  of  1,500.000  gal. 
daily,  or  720  sq.  ft.  per  1,000,000  gal.  daily. 

In  the  design  suggested,  32  units  are  proposed, 
each  of  1,500,000  gal.  daily  capacity.  Each  unit  is 
38  ft.  4  in.  wide  by  160  ft.  long,  with  16.5  ft.  water 
depth  over  the  plates.  The  tank  is  divided  by  wooden 
baffles  into  3  longitudinal  channels  in  series.  A 
covered  pipe  gallery  is  planned  between  the  batteries 
of  tanks,  in  which  the  air  and  sewage  mains  can  be 
carried.  Individual  air  and  sewage  meters  are  in- 
cluded in  each  unit,  in  addition  to  the  two  large 
meters,  which  handle  the  entire  flow  of  air  and  qf 
sewage. 

Pipe  Gallery. — The  design  contemplates  putting  the 
main  distribution  pipes  for  sewage  and  air  in  a  cov- 

T.\BLE     T.— ESTHilATED     RECOVERY     OF    GREASE     FROJI 
r.\rKINGTO-\VN    SEWER    OfTLETS. 

Actual 
Scuni.t  grease 

Lb.  per  dav  extracted. 

Location.  gross.  Ether  sol.       Lb.  per  day. 

Center    Avenue:  ,  „„„, 

Armour  2,800  1.21)0  333* 

Morris    75-D  340  67* 

Pitzpatrick    2,600  1.170  200» 

Ashland    Avenue: 

Morris   1,780  240t 

Total    7.930  S40 

tObseri-ations  made  bv  Sanitary  District  March   S!  to  27,  1915. 
■    *Data  from  Armour  &  Co.  as  of  December.  1916. 

$Dat?.  Irom  Morris  &  Co.  as  of  February  28  to  March  29.  ".ilij. 
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ered  pipe  gallery,  between  the  rows  of  aeration  tanks. 
This  gallery  will  also  contain  the  individual  meters 
for  air  and  sewage  for  each  tank.  The  design  can 
also  be  adjusted  to  pass  the  smaller  air  pipes  under 
water  to  the  pipes  connecting  with  the  filtros  plate 
boxes. 

Settling  Tanks. — After  thorough  agitation  in  the 
aeration  tanks,  the  liquid  passes  to  settling  tanks, 
in  which  the  sludge  is  settled  out.  The  settling  tanks 
proposed  are  of  the  circular  Dortmund  type,  30  ft. 
internal  diameter,  with  a  water  depth  of  33.5  ft.  The 
hopper  bottoms  have  a  slope  of  about  60'  with  the 
horizontal.  The  settling  period  is  about  1  hour.  The 
Sanitary  District  has  been  operating  such  a  tank  with 
a  period  of  40  minutes,  the  normal  vertical  velocity 
being  10.4  ft.  per  hour. 

Air  Supply. — Where  filtros  plates  are  used  for  air 
distribution,  experience  shows  that  clean  air  is  de- 
sirable, in  order  to  avoid  the  clogging  of  the  under 
surface.  Oil,  soot,  particles  of  dust  and  other  foreign 
material  should  be  removed.  Therefore,  air  washers 
preliminary  to  the  compressors  have  been  included  in 
the  estimates. 

TABLE  II.— PRESSING  SLUDGE:     COST  OF  SUPPLIES.   ETC.. 

PER  DAY.  BASED  ON  96  TONS  OF  DRY  MATERIAL. 

Supplies:  „    ,    .. 

75    liti.    vd.    120    in.    wide    No.    S    duck    (a     Sl.i-^ 

per  iin  yd $132.00 

Oil,  waste,  etc  —  .,  ,„ 

2  gral.    oil   @   50c $100 

5  lb.  waste   @  10c 


Lamp  renewals 

Repairs  and  renewals- 
Racks.  1  daily  at. 
Packing  


l.SO 
.50 


10. sn 

Contingencies    10.50 


Xiabor: 

Foremen— %  time  ®  $3,600  per  1  300  year $    6.00 

Laborers— 1/300  of  $31,140 ■   103.00 

T*ower: 

Lighting   21  H.  P. 

Pumps  -'■>'>  H-  i,- 

Conveyor   , M  H.  P. 


:232  K.  W.  Hr.     (51  $0,007 


311  H 
Interest: 

Interest  on    •$752,600  @  5% 

Depreciation   on    615,200  ©  v% 

137,400  @  4% 


per  h 

,  =  $: 


630 
30,760 
•196 


$73,886  X  1/300=  246.29 


Total     J549.M 

Estimated  cost  per  dry   ten 5./- 

*This  figure  represents  the  co.^t  of  presses,  foundations,  tracli. 
piping,    pumps    and    motors,    and    building.      Also    is    included    15 
per  cent   for  contingencies   and   7%    per  cent    for    interest   during 
construction. 
TABLE    in.— DRYING    SLUDGE:    COST    OF    SUPPLIES,    ETC., 

PER  DAY,   BASED  ON  96   TONS  OF  DRY  MATERIAL. 
Supplies: 

Coal — 37  tons  (5)    $1.75  f.   o.   b.  cars $64.76 

Oil.    waste,    etc 1.00 

Lamp  renewals  • 25 

Repairs  and  renewals — 

Miscellaneous    $14.00 

Contingencies   15.00 

29.00 


95.00 


Liabor; 

Foremen— !<.   time   (H   $3,600  for  1/300  year $  6.00 

Laborers— Crew  of  11  men  @  $7,920  for  1/300  year  26.40 

Power : 

Lightii:g    10  H.  P. 

Motor-,    200  H.  P. 

210  H.  P. 
.10    per    hr. 


210    H.    P.  =157    K.    W.    Hr.    @    $1.00 

for  24  hrs 

"Interest: 

Interest  on    .... 
Depreciation   on 


$217,100  (ffi  5%  =  $10,S55 

l.=,fl.S22  W  7%  =    10.558 

29.191  (a)  5%  =      1.460 

37,087  @  4%  =      1,48:5 


$24,356  X  1/300  =     SI. 19 


Total   $234.99 

Estimated  cost  per  dry  ton 2.45 

*This  figure  represents  cost  of  dryers,  foundations,  hoppers, 
conveyors,  buildings,  etc.  Also  included  is  15  per  cent  for  con- 
tingencies and  7V.  per  cent  tor  interest  during  construction 


The  estimates  are  based  on  the  use  of  electrically 
driven  centrifugal  compressors  of  the  type  made  by 
the  De  Laval  Steam  Turbine  Co.,  or  General  Electric 
Co.  These  can  be  built  to  operate  against  any  head, 
in  ordinary  service,  whereas  the  rotary  blower  of  the 
Connersville  type  is  usually  considered  limited  to 
pressures  not  exceeding  10  lb.  per  sq.  in. 

Air  Distribution. — At  the  present  time  filtros  plates 
offer  the  most  satisfactory  air  distribution.  Although 
the  cost  of  maintenance  may  be  somewhat  higher 
than  the  perforated  pipe  grids,  the  distribution  is 
better  and  the  size  of  air  bubbles  is  much  smaller, 
with  consequent  increase  in  efliciency.  The  basswood 
plates,  now  being  tested  in  Milwaukee,  produce  a 
remarkably  fine  bubble,  insuring  a  considerable  re- 
duction in  the  use  of  air.  The  life  of  basswood  plates 
is  at  present  very  uncertain,  because  of  possible 
decay. 

Power. — For  the  operation  of  air  compressors, 
pumps,  sludge  presses,  dryers,  crane,  electric 
lights  and  miscellaneous  uses,  approximately  a  maxi- 
mum of  12,000-H.  P.  is  required  with  an  average  use 
in  1920  of  7,500  H.  P.  during  the  day  runs  and  at  night 
as  low  as  4,200  H.  P.  The  estimate  is  based  on  the 
price  of  electric  power  furnished  by  the  Common- 
wealth Edison  Co. 

Sludge  Handling. — The  experience  of  the  Sanitary 
District  is  similar  to  that  at  Cleveland,  indicating 
that  normal  activated  sludge  will  not  dry  as  quickly 
or  readily  as  Imhoff  tank  sludge.  This  appears  to  be 
an  inherent  difficulty  in  colloidal  sludge.  When  ap- 
plied to  a  sand  bed,  part  of  the  sludge  sinks,  part 
floats,  and  the  water  separating  out  is  between. 

From  the  standpoint  of  recovery  of  material  of 
value,  the  only  way  demonstrated  at  present  is  by 
filter  pressing  and  heat  drying.  Possibly  the  yeast 
fermentation  method  developed  at  Dublin  may  afford 
a  suitable  alternative  for  filter  pressing.  So  far  it 
has  not  been  tested  on  activated  sludge. 

A  preliminary  concentration  appears  necessary  to 
reduce  the  excess  water  as  much  as  possible.  The 
experiments  of  the  Sanitary  District  indicate  that 
the  sludge  can  be  concentrated  in  volume  on  an  aver- 
age of  50  per  cent  in  two  to  three  hours  quiescent 
settling.  The  depth  of  tank  seems  to  have  very  slight 
influence  on  the  moisture  content  of  the  concentrated 
sludge,  depths  of  10  and  20  ft.  being  apparently 
equally  effective. 

Filter  Pressing. — The  indications  are  that  the 
sludge  can  be  filter  pressed,  both  by  the  older  styles 
of  filter  press,  where  specially  designed,  and  the  novel 
platen  press  or  the  Berrigan  type.  As  the  latter  press 
has  been  operated  on  a  larger  scale  and  proved  some- 
what more  successful  in  producing  a  cake  of  uniform 
m.oisture  content,  the  estimates  are  based  on 
Berrigan  presses,  with  leaves  in  size  6  by  9  ft.,  taking 
the  24-hour  capacity  of  a  unit  press  at  8,000  lb.  of 
press-cake  containing  75  per  cent  moisture.  The 
press  at  Milwaukee  actually  handled  6,000  lb.  of  cake, 
using  8  sacks.     Ten  sacks  can  readily  be  used. 

Sludge  Pressing. — One  important  factor  in  the  cost 
of  operating  the  sludge  presses  is  the  renewal  of  the 
press  cloths.  The  best  available  data  is  furnished 
by  Mr.  Matthew  Gault,  Superintendent  of  Sewers, 
Worcester,  Mass.  In  Worcester  from  6,000  to  10,000 
yd.  of  duck,  40  in.  wide,  are  used  in  a  year,  approxi- 
mately 2.2  yd.  per  ton  of  dry  .solids,  the  figures 
fluctuating  from  1.56  to  3.5.  On  the  40-in.  width,  this 
averages  2.44  sq.  yd.  per  ton.  To  be  safe  2.5  sq.  yd. 
has    been    estimated    per   dry   ton.      The   figures    are 
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based  on  the  use  of  the  No.  8  duck,  120  in.  wide,  the 
price  being  taken  on  January  10,  1917. 

The  charges  are  based  on  handling  96  tons  of  dry 
material  per  day.  The  cost  of  supplies  will  vary  ap- 
proximately with  the  number  of  tons  actually  handled. 
The  labor  cost,  however,  will  not  be  so  flexible,  as  a 
working  crew  would  be  required  at  all  times.  The 
summary  of  pressing  and  drying  includes  the  cost  of 
the  building  (Table  IV).  Table  II  gives  the  estimated 
daily  cost  on  the  basis  of  96  tons  of  dry  material  per 
day. 

Drying. — The  sludge  on  leaving  the  filter  press  is 
assumed  to  average  75  per  cent  moisture  content. 
This  can  be  readily  dried  in  direct  or  direct-indirect 
heat  dryers  of  several  types,  to  a  moisture  content  of 

10  per  cent.  Sewage  sludge  has  been  successfully 
handled  in  this  manner  in  England.  The  estimates 
are  based  on  direct  heat  dryers  of  the  Ruggles-Coles 

TABLE  IV.— SUMMARY  OF  CONSTRUCTION  COST  OF  ACTI- 
VATED SLUDGE  PLANT  AT   THE  FORKS  EL.EC- 
TRICALLY    DRIVEN,    JANTJARY,    1917. 
Items.  Amount. 

Aeration  tanks— 32  units   $    778,140.00 

Settling  tanl<s— 32  units   122,090.00 

Sludge  tanks— 8   units   30,880.00 

Skimming  basin — 1  unit  13,000.00 

^'P'lr        160.920.00 

Sewage 46,700.00 

Sludge 2.5,700.00 

Drainage  57,050.00 

Water  and  flushing  pipes 5,000.00 

Screen  and  pump  house 120.2C0.00 

Compressors,  mechanical  equipment,  house,  etc 564.080.00 

Sludge  press  and  drying  house 784,340.00 

Laboratorv    7.500.00 

Meter  vault  5,920.00 

Effluent   conduits   11,350.00 

Grading  and  grounds   59,300.00 

Cofferdam  and  dock   94,000.00 

Operating  gallery  23,730.00 

Intercepting  sewer    124,650.00 

$3,034,610.00 
Contingencies — omissions  and  engineering — 15  per  cent      456,190.00 

Total    $3,489,800.00 

TABLE    v.— LABOR     SCHEDULE    OF    ACTIVATED  SLUDGE 

PLANT,  BASED  ON   3  W.\TCHES  OF  8  HOURS 

EACH,    .TANUART,    1917. 

, Men ,                                                                  Rate  Total 

No.         Title.                                                                 per  year.  per  year. 

1     Superintendent    $2,500  $  2,500 

3     Assistant  superintendent  1.800  5.400 

3     Tank    foremen    1,200  3,600 

3     Press    foremen    1.200  3,600 

3     Engineers    1.200  3,600 

6     Oilers    900  5,400 

3     Firemen    900  2,700 

9     Press  operators    900  8.100 

1     Electrician    1,500  1.500 

1     Machinist  1.200  1,200 

1     Steamfitter   1,500  1,500 

1  Steamfitter  helper 1.000  1 .000 

2  Seamstresses    720  1,440 

Laborers: 

3  Skimmers    720  2,160 

11  Aeration  and  settling  720  7,920 

30     Pressing   720  21,600 

11     Drying    720  7.920 

3  Miscellaneous    720  2,160 

1  Chemist    i.  2,000  2,000 

1  Assistant  chemist   1,500  1,500 

1  Daboratoi-y    helper    900  900 

TABLE   VI.— SUMMARY    OF    CONSTRUCTION    AND    ANNUAL 
COST   ELECTRICALLY  DRIVEN  ACTIVATED 
SLUDE   PLANT 
First   cost: 

Construction  cost    $3,489,800 

Interest  during  construction   2ol,735 

$3,751,535 
Annual   cost: 
Operating — ■ 

Salaries,  superintendence,  etc $     7,900 

Labor  pay  roll 75,400 

Power   270,000 

Supplies  and  repairs   98,000 

$455,700 

Depreciation — 

Filtros — 20  per  cent  on  $70,000 $  14,000 

Screens — 10  per  cent  on  $20.000 2,000 

Dryers,   etc. — 7  per  cent  on   $350.000 24.500 

Boilers,  etc. — 5  per  cent  on  $570.600 28,530 

Structures — 4  per  cent  on  $2,740,935 109,640 

178,670 

Interest — ■ 

5  per  cent  on  $3,751,535 187,577 

Total  $821,947 


type  or  equal.  The  equipment  provided  includes  an 
air-washing  chamber  to  condense  the  vapors  derived 
from  the  moisture  driven  off.  The  evaporation  in 
the  drj'ers  has  been  taken  at  eight  pounds  of  water 
for  each  pound  of  coal.  Undoubtedly  Illinois  screen- 
ings would  be  used.  The  cost  of  coal  has  been  taken 
at  $1.75  per  ton,  f.  o.  b.  cars.  This  is  low  under  pres- 
ent abnormal  condition.  Table  III  gives  the  estimated 
daily  cost  on  the  basis  of  96  tons  of  dry  material  per 
day. 

Plant. — The  estimates  (Table  IV)  are  based  on  the 
use  of  reinforced  concrete  throughout  the  grit  cham- 
bers, grease  skimmer,  screen  chamber,  aeration  and 
settling  tanks;  on  mass  concrete  on  all  foundations 
for  buildings,  machinery,  etc.;  on  neat  brick  build- 
ings, with  face  brick  outside  and  common  brick  in- 
side, covered  with  fireproof  roofs,  supported  on  steel 
trusses.  The  machinery  prices  are  based  on  a  first- 
class  grade  of  machinery  throughout.  All  prices  are 
based  on  current  prices  in  December,  1916,  so  far 
as  they  could  be  obtained,  and  consequently  are  higher 
than  normal  for  all  machinery,  steel  work,  cast-iron 
pipe  and  other  steel  or  cast-iron  manufactured  prod- 
ucts. 

Operating  Cost. — There  is  practically  no  available 
data  on  the  cost  of  operation  of  an  activated  sludge 
plant  of  the  size  recommended  herein,  even  on  do- 
mestic sewage.  Moreover,  the  character  of  the 
Stockyards  sewage  is  such  that  the  data  on  munici- 
pal practice  cannot  be  directly  applied,  even  where 
available.  The  operating  figures  from  plants  like 
Worcester  and  Providence  have  been  helpful.  The 
figures  are  estimated  for  this  particular  case. 

In  operating  such  a  plant,  the  crews  should  be 
handled  on  an  8-hour  basis,  dividing  the  24  hours  of 
the  day  into  3  watches.  The  rates  of  pay  are  given 
in  Table  V. 

Annual  Cost. — The  annual  cost  is  summarized  in 
Table  VI,  showing  the  estimated  amount  required  for 
maintenance  and  operation,  interest  and  depreciation. 
This  cost  may  be  reduced  somewhat  if  the  amount  of 
solids  recovered  by  drying  and  pressing  is  only  50  tons 
per  day.  The  saving  might  amount  to  $65,000  more  or 
less.  The  summary  indicates  that  the  power  cost  is  one 
of  the  large  items.  This  cost  may  be  increased  on 
account  of  heavier  use  of  air  during  storms,  by  an 
amount  possibly  averaging  $30,000  a  year  additional. 


Bids  Asked  on  18-Mile  Tunnel  for  San 
Francisco 

The  Board  of  Public  Works  of  San  Francisco,  Cal., 
is  now  calling  for  bids  for  constructing  18  miles  of 
tunnel  aqueduct  in  the  Mountain  Division  of  the 
Hetch  Hetchy  Water  Supply  Project.  The  tunnel  is 
to  be  of  horseshoe  section,  lined  with  concrete,  10  ft. 
3  in.  height  and  width  inside  of  lining.  The  estimated 
cost  of  work  is  about  $2,000,000,  and  it  is  divided  into 
three  sections. 


Shandahen  Tunnel  Letting  Postponed 

The  Board  of  Water  Supply  of  New  York  City  has 
extended  the  date  for  opening  bids  for  the  construc- 
tion of  Shandahen  Tunnel  to  Sept.  11.  As  originally 
advertised  the  proposals  were  to  be  in  by  July  17.  This 
tunnel  will  be  18  miles  in  length  and  will  connect  the 
Schoharie  reservoir  with  Escopus  Creek.  It  will  be 
11^2  ft.  high  by  101,4  ft.  wide  and  will  be  lined  with 
concrete. 
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Aeration  of  "Sulphur"   Water  in 
Florida 

By  GEORGE  W.  SIMONS,  JR. 

Chief   Engineer,   Bureau  of  Sanitary   Engineering,   State   Board 
of  Health 

The  underground  water  of  Florida  is  very  gener- 
ally impregnated  with  hydrogen  sulphide  (H;S)  and 
consequently  is  widely  termed  as  "sulphur  water." 
In  regions  of  artesian  flow  the  sulphur  taste  and  odor 
is  most  perceptible,  for  instance  at  Jacksonville, 
Pablo  Beach,  Kissimmee,  Fort  Myers  and  many  east 
coast  points. 

The  disagreeable  hydrogen  sulphide  has  its  origin 
in  one  of  several  ways:  (1)  by  decay  of  organic  mat- 
ter containing  sulphur,  (2)  reduction  of  sulphates, 
(3)  partial  oxidation  of  sulphides,  and  other  ways. 

Mr.  E.  H.  Sellards  of  the  State  Geological  Survey 
claims  that  the  sulphur  in  Florida's  underground  wa- 
ter obviously  comes  from  the  decay  of  organic  matter, 
inasmuch  as  the  soils  of  the  state  possess  some  sul- 
phur content  shown  by  chemical  analysis;  it  also  is  in- 


Aerator    Used    by    Jacksonville,    Fla.,    Hotel. 

variably  present  in  muck  soils.  Sulphur,  moreover,  in 
dried  Florida  peat  varies  from  1  to  over  4  per  cent. 

As  is  well  known,  the  amount  of  gas  a  water  is 
capable  of  retaining  in  solution  varie.s  directly  with 
the  pressure — the  law  of  the  solubility  of  gases  in 
liquids  being  applicable.  Water  at  a  great  depth  un- 
der a  great  pressure  is  capable  of  holding  a  large 
quantity  of  hydrogen  sulphide  gas  in  solution,  but 
which  upon  reaching  the  surface,  the  pressure  being 
relieved,  escapes. 

Water  containing  hydrogen  sulphide  can  be  freed 
from  it  by  the  simple  process  of  aeration,  allow- 
ing the  water  full  benefit  of  the  surrounding  air.  Re- 
cently, several  aerators  similar  to  the  one  illustrated 
have  been  placed  in  use  with  the  result  that  all  the 
sulphur  gas  has  been  released  leaving  a  tasteless, 
odorless  water  for  use.  The  aerator  pictured  is  lo- 
cated on  the  property  of  a  large  hotel  in  Jacksonville. 
The  well  is  free  flowing,  the  overflow  being  inter- 
cepted by  two  circular  galvanized  iron  disks  placed 
as  shown.  These  disks  cause  the  water  to  overflow 
in  very  thin  sheets  allowing  the  air  full  access  to  the 
supply. 

At  first,  when  this  aerator  was  placed  in  opera- 
tion only  one  diverting  disk  was  installed  with  the 
result  that  just  a  portion  of  the  gas  was  removed  and 
in  the  retaining  reservoir  a  growth  of  sulphur  organ- 
isms (Beggiatoa  Alba)  began  to  appear.  These  organ- 
isms grew  rapidly  with  the  favorable  temperature  fill- 


ing the  reservoir  and  covering  the  walls  with  a 
stringy  characteristic  growth.  After  the  addition  of 
the  second  diverting  disk  the  troublesome  growths 
were  removed  entirely,  indicating  that  there  was  be- 
ing affected  an  almost  total  removal  of  the  gas. 


A  Logarithmic   Diagram  for  Find- 
ing  Brake  Horse  Power 

The  accompanying  diagram,  constructed  by  Louis 
Mitchell,  Associate  Professor  of  Civil  Engineering  at 
Syracuse  University,  for  use  in  his  work  in  the  hy- 
draulic laboratory  at  the  University,  will  be  found 
useful    for    quickly    solving   the    equation    for   brake 


horsepower,  BHP  ^ 
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The  diagram  is  used  as  follows: 
BHP  =  brake  horsepower. 
N  =  revolutions  per  minute. 
W  =  net  weight  on  the  scales,  pounds. 
R  =;  brake  arm  in  feet. 
Given  N.  W  and  R,  to  find  BHP. 
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Logarithmic    Diagram   for   Finding    Brake    Horse    Power. 

Lay  a  straight  edge  across  the  three  vertical  lines 
to  intersect  the  given  values  of  N  and  W  and  hold 
the  point  of  intersection  on  the  reference  line  with  a 
pencil  or  pin.  Swing  the  straight  edge  about  this  lat- 
ter point  until  it  intersects  the  given  value  of  R,  and 
in  this  position  it  will  also  intersect  the  correct  value 
of  the  brake   horsepower. 
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Drainage  Methods  for  Irrigated 
Shale  Land 

Drainage  is  now  recognized  as  one  of  the  most  im- 
portant problems  confronting  the  farmers  of  irrigated 
lands.  Drainage  methods  in  the  arid  regions  differ 
from  those  in  the  humid  sections,  and  even  with  re- 
spect to  arid  lands  different  methods  must  be  used  for 
different  types  of  land.  One  of  the  frequently  oc- 
curring types  that  requires  special  treatment  is  those 
lands  that  are  immediately  underlain  by  shale  which 
may  or  may  not  outcrop.  Areas  of  this  type 
occur  in  ail  of  the  Rocky  Mountain  States  and  in 
some  of  those  immediately  adjoining.  Drainage 
methods  in  the  shale  lands  of  the  Rocky  Mountain 
States  are  described  in  a  recently  issued  bulletin  of 
the  Department  of  Agriculture,  prepared  by  Dalton 
G.  Miller,  Senior  Drainage  Engineer,  and  L.  J.  Jessup, 
Junior  Drainage  Engineer,  U.  S.  Office  of  Public 
Roads  and  Rural  Engineering.  The  following  notes 
are  taken  from  this  Bulletin. 

Design  Features. 

Preliminary  Examinations. — Effective  drainage  of 
shale  lands  depends  upon  the  location  and  depth  of 
the  drains  and  upon  the  proper  installation  of  relief 
wells.  To  locate  the  drains  properly  is  a  slow  and 
laborious  process,  for  it  requires  the  mapping — or  at 
least  the  gaining  of  a  correct  idea  of  the  surface  topo- 
graphy— of  the  underlying  shale.  This  necessitates 
a  large  number  of  borings  and  very  careful  subsoil 
examinations,  owing  to  the  sudden  changes  and  ex- 
treme irregularity  in  the  shale  topography.  On  some 
tracts  the  surface  of  the  underlying  shale  is  fairly 
regular  and  not  a  great,  many  subsurface  examina- 
tions are  required,  but  in  many  instances  the  shale 
has  been  eroded  into  bad-land  topography.  The  auger 
at  one  point  may  strike  the  top  of  a  shale  knoll,  dome, 
or  point  immediately  underlying  the  covering  of  soil, 
while  20  ft.  away  in  any  direction  it  will  not  encounter 
shale  at  a  depth  of  10  to  20  ft.  Very  narrow  ridges 
often  are  found,  the  tops  of  which  are  near  the 
ground  surface,  but  a  short  distance  on  either  sids 
the  shale  is  too  deep  to  be  reached  by  tile  drains.  A 
common  occurrence  in  the  shale  formation  is  a  very 
deep  and  quite  wide  arroyo  running  through  a  rather 
smooth  area  of  shale,  but  with  no  indication  of  this 
deep  depression,  owing  to  the  covering  of  soil. 

Where  only  small  areas  are  affected  the  shale 
knoll,  or  point,  contributing  the  seepage  water  may  be 
located  sometimes  by  ascertaining  from  the  landowner 
the  spot  where  seepage  first  made  its  appearance.  The 
damaging  features  of  the  underlying  shale  topog- 
raphy often  can  be  quickly  ascertained  by  a  line  of 
borings  closely  spaced  along  the  upper  edge  of  the 
affected  area.  Where  large  areas  are  affected,  and 
where  an  idea  must  be  gained  of  the  topography  of 
the  shale  underlying  the  entire  district,  perhaps  the 
most  rapid  method  is  to  begin  with  a  boring  at  each 
of  the  extreme  corners  of  the  tract,  then  to  subdivide 
the  distances  between  these  holes,  continuing  the 
process  until  a  sufficient  number  of  borings  have 
been  made  to  determine  the  general  features,  after 
which  those  spots  or  localities  which  seem  to  overlie 
points  or  ridges  can  be  more  carefully  examined.  In 
cases  where  the  conditions  are  very  complex,  and  it 
is  desired  to  map  the  underlying  shale,  it  is  best  to 
space  the  majority  of  the  holes  regularly  over  the  area 
in  Question. 

The  topography  of  the  underlying  shale  usually  re- 
sembles   the   present   surface   topography   in    a   very 


general  way.  In  the  bottom  or  older  portions  of  a 
valley  that  are  more  or  less  even  and  uniform,  the 
underlying  shale  usually  is  also  fairly  smooth.  On  the 
slopes  the  more  pronounced  ridges  are  often  under- 
lain by  shale  ridges  which  represent  the  general 
trend  of  the  system  of  shale  topography.  Frequently 
outcroppings  of  shale  will  give  an  idea  of  the  under- 
lying features.  In  some  cases  large  underlying  shale 
draws  can  be  located  by  noting  the  gaps  and  open- 
ings in  hills  forming  the  rim  of  the  valley.  A  knowl- 
edge of  the  kind  of  shale  being  dealt  with  and  its 
characteristic  topographic  features  is  of  value  in 
gaining  a  general  idea  of  its  surface. 

In  making  the  examinations  a  small  stake  should 
be  driven  at  each  hole  and  the  stakes  numbered  con- 
secutively. If  a  map  is  to  be  made,  the  depth  to  shale 
should  be  kept  in  a  note  book.  Otherwise  the  depth 
to  shale  should  be  marked  on  each  stake  in  order  to 
facilitate  locating  the  drains  along  the  ridges  and 
other  higher  portions  of  shale. 

The  weathered,  flakelike  covering  of  the  shale 
ridges,  mixed  with  soil,  frequently  makes  it  difficult 
to  determine  the  true  depth  to  the  solid  shale  forma- 
tion, as  pockets  of  coarse  shalelike  material  occur  in 
the  soil  and  may  be  far  from  any  shale  formation; 
consequently  examinations  of  borings  from  small 
auger  holes  frequently  are  misleading.  Where  there 
is  any  doubt,  holes  should  be  continued  for  some 
depth  after  encountering  the  shale  to  make  sure  that 
it  is  the  solid  formation.  Occasionally,  where  the 
exact  depth  to  shale  seems  uncertain,  it  can  be  as- 
certained best  by  excavating  a  pit. 

Location  of  Drains. — Attempts  to  accomplish 
drainage  by  running  tile  lines  across  and  along  the 
upper  edge  of  the  affected  area  thereby  cutting  into 
a  number  of  shale  ridges  and  points  contributing 
water,  have  proved  unsatisfactory:  (1)  because  of 
the  absence  of  an  impervious  stratum  that  can  be 
reached  by  the  tile,  the  lack  of  which  permits  some 
of  the  water  to  pass  freely  below  the  tile  to  a  point 
farther  down  the  slope;  (2)  these  ridges  do  not  dis- 
charge water  at  their  points  alone,  but  frequently 
along  the  sides  also.  This  is  due  to  the  fact  that 
pressure  exists  and  the  water  is  supplied  at  various 
points  from  the  continuous  shale  formation  beneath 
the  shale  ridge. 

These  complex  conditions  existing  in  the  shale 
make  it  imperative  that  the  drainage  lines  should 
follow  as  nearly  as  possible  along  the  backbone  of 
the  shale  ridges  or  cut  through  the  knolls  and  other 
high  portions.  Usually  the  lines  should  extend  for 
some  distance  up  the  ridge  or  other  formation  above 
the  affected  area.  Not  only  is  it  necessary  to  run 
the  tile  lines  along  the  shale  ridges  to  secure  the 
best  results,  but  trenching  in  the  shale  is  far  easier 
than  in  wet  adobe  soils.  Where  quite  broad  shale 
ridges  are  encountered,  one  line  will  be  insufficient: 
on  such  ridges  a  tile  line  should  extend  along  each 
side. 

Where  a  number  of  shale  ridges  that  are  supplying 
the  seepage  water  are  encountered  the  main  line 
should,  if  possible,  run  along  the  points  of  these 
ridges,  with  a  branch  following  up  each  ridge.  As 
not  all  shale  ridges,  or  points,  furnish  seepage  water, 
a  number  of. deep  holes  should  be  put  down  into  the 
shale,  noting  the  degree  of  hardness,  whether  or  not 
soft  layers  are  encountered,  the  amount  of  water 
found,  and  whether  or  not  pressure  conditions  exist. 
It  is  very  important  that  none  of  these  shale  points 
that  contribute  water  be  missed,  for,  although  the 
system  may  develop  a  considerable  quantity  of  water 
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from  the  points  tapped,  any  remaining  one  will  fur- 
nish enough  water  to  these  retentive  adobe  soils  to 
prevent  complete  reclamation. 

In  the  drainage  of  those  lands  underlain  by  shale 
that  has  no  distinctive  topographic  features,  but 
which  is  smooth  and  at  a  fairly  uniform  depth  below 
the  surface  of  the  soil,  a  system  should  be  employed 
which  has  branches  spaced  at  regular  intervals  and 
extending  up  the  slope.  However,  the  determination 
of  the  interval  required  for  the  branch  lines  necessi- 
tates a  careful  e.xamination  of  the  shale.  Experience 
in  drilling  often  will  enable  one  to  determine  whether 
or  not  the  shale  is  traversed  by  systems  of  small 
crevices;  the  drill  takes  hold  with  more  difficulty  in 
shale  that  does  not  contain  them  than  in  shale  that 
does.  The  nature  of  the  borings  brought  out  on  the 
auger  is  indicative  also  of  the  presence  or  absence  of 
such  crevices.  If  the  borings  are  fine-grained  and 
more  or  less  compact,  few  or  no  crevices  are  prob- 
able; but  flakey,  mealy  borings  indicate  the  contrary. 
By  those  unfamiliar  with  the  mode  of  occurrence  of 
water  in  shale  those  zones  containing  water  often 
will  be  overlooked,  for  the  small  lumps  and  layers  of 
shale  between  the  cracks  are  impervious  in  them- 
selves, and  the  auger,  passing  through  these,  will 
bring  up  fragments  of  perfectly  dry  shale,  while  the 
free  water  frequently  found  between  these  dry  borings 
will  be  thought  to  have  collected  there  in  pulling  the 
auger  out  through  the  upper  wet  portions  of  soil. 

The  existence  of  pressure  often  can  be  detected 
after  having  struck  cracks  in  the  shale  containing 
water,  by  placing  the  ear  near  the  hole;  a  hissing 
sound  caused  by  the  escape  of  the  water  from  the 
small  crevice  into  the  larger  opening  is  an  almost 
certain  indication  of  pressure  conditions.  The  in- 
tensity of  the  pressure  can  be  estimated  by  the  rapid- 
ity and  height  of  rise  of  the  water  in  the  well.  Often 
the  water  will  rise  several  feet  within  a  few  minutes, 
and  again  it  may  require  a  day  or  tw-o  for  it  to  attain 
its  maximum  height.  Where  the  water  rises  only  a 
few  inches,  and  that  very  slowly,  the  pressure  is 
slight  or  negligible.  High  pressure  is  indicated  by 
a  rapid  and  high  rise  of  the  water.  Of  course,  the 
height  and  rapidity  of  rise  depend  somewhat  on  the 
season,  there  being  generally  a  seasonal  fluctuation 
of  the  water  table.  In  seasons  of  high  water  table, 
pressure  strong  enough  to  cause  these  wells  to  flow 
on  the  surface  is  encountered  frequently. 

The  borings  will  indicate  certain  spots  and  streaks 
where  the  pressure  seems  high  and  the  water  free ; 
drainage  lines  should  be  located  to  tap  these  areas. 
In  the  location  of  drains  in  those  lands  underlain  by 
hard  and  practically  impervious  shale  interception 
methods  can  be  used,  provided  the  shale  surface  is 
even  and  sufficiently  near  the  ground  surface  to  be 
reached  by  a  tile  drain  throughout  the  entire  length 
of  the  line;  otherwise  this  method  can  not  be  used, 
and  the  overlying  soil  must  be  drained  by  a  relief 
system. 

Depth  of  Drains. — The  tendency  in  the  arid  West 
has  been  toward  increasing  the  depth  of  drainage; 
this  has  been  true  especially  with  regard  to  shale 
lands.  The  distance  through  which  capillarity  takes 
place  is  one  of  the  important  factors  regulating  the 
minimum.  Water  passing  upward  through  the  soil  by 
capillary  action  carries  salts  in  solution  and  by 
evaporation  deposits  them  on  the  surface  of  the 
ground.  The  height  to  which  capillary  water  will 
rise  depends  on  the  type  of  soil,  its  wetness  and  tem- 
perature, and,  to  some  extent,  on  the  kind  of  salts. 
High    temperatures    and    certain    salts    increase    the 


range  of  capillarity.  In  loose,  sandy  soils  the  rise  is 
not  great;  in  average  soils  of  the  arid  West  it  prob- 
ably ranges  from  2  to  4  ft.,  and  in  clayey  soils  more 
than  this.  Of  all  the  types  of  soils,  the  adobes  en- 
countered in  the  drainage  of  shale  lands  are  perhaps 
most  conducive  to  a  high  range  of  capillarity;  thus 
the  necessity  for  deep  drainage. 

One  of  the  greatest  advantages  of  deep  drainage 
in  this  type  of  land  is  the  increase  of  flow  of  the 
relief  wells  thus  obtained.  However,  there  is  a  prac- 
tical limit  to  the  maximum  depth,  and  it  is  believed 
that  in  the  design  of  a  drainage  system  the  depth 
should  be  fixed  with  reference  to  that  limit  rather 
than  by  setting  a  minimum  limit  determined  by  capil- 
larity, depth  of  root  zone,  etc.  The  practical  limit  of 
depth,  of  course,  would  vary  somewhat  as  between 
hand  work  and  machine  work.  It  would  depend  also 
upon  the  nature  of  the  ground  encountered.  In  the 
presence  of  these  variable  factors  it  becomes  im- 
possible to  fix  a  maximum  depth,  but  the  minimum 
should  be  not  less  than  6  ft.  and  in  many  cases  should 
be  7  or  8  it. 

Relief  Wells. — In  the  drainage  of  many  types  of 
shale  land  the  installation  of  relief  wells  is  abso- 
lutely necessary  for  the  success  of  the  drainage  sys- 
tem. A  relief  well  is  nothing  more  nor  less  than  an 
artesian  well.  Its  purpose  is  to  connect  the  tile  line 
with  the  deeper  strata  which  are  the  sources  of  the 
seepage  water  and  thus,  by  permitting  the  water  to 
pass  out  freely,  to  relieve  the  pressure.  While  no 
rigid  rule  can  be  given  for  the  spacing  and  location 
of  wells,  experience  has  shown  that  from  two  to  six 
for  each  100-ft.  length  of  trench  will  be  necessary 
ordinarily.  Whei'e  the  conditions  in  the  trench  are 
uniform,  the  wells  should  be  spaced  regularly  if  the 
resulting  flows  are  uniform;  but  if,  after  putting 
down  a  hole  or  two,  very  little  or  no  flow  results,  it  is 
advisable  to  space  them  farther  apart  until  an  area 
is  encountered  where  more  water  is  developed.  The 
proper  depth  for  relief  wells  is  a  matter  for  experi- 
ment in  different  localities.  The  maximum  depth, 
however,  usually  is  about  20  ft.  below  the  bottom  of 
the  drains.  In  beginning  work  on  a  new  project  it  al- 
ways is  advisable  to  drill  the  first  two  or  three  wells 
deep  to  determine  where  the  flow  is  most  apt  to  be 
encountered.  While  water  will  not  be  encountered  at 
uniform  depths,  yet  certain  limits  within  which  it  is 
likely  to  occur  will  be  determined.  In  nearly  all 
cases  observed  2-in.  wells  have  been  of  sufficient  size 
to  care  for  the  water  developed. 

Construction. 

Construction  of  drainage  systems  in  shale  lands 
has  varied  greatly  in  respect  to  difficulty  of  installa- 
tion and  cost.  Much  of  the  shale  is  quite  hard,  or 
contains  hard  concretions,  which  makes  necessary 
the  use  of  picks.  Trenches  where  the  greater  depths 
are  in  solid  shale  stand  well  and  need  little  or  no 
bracing  if  the  work  is  handled  properly.  Shale  makes 
a  very  good  foundation  for  laying  tile,  and  the  coarse, 
broken  shale  is  good  material  for  blinding  the  tile. 

Generally  speaking,  the  work  in  shale  is  not  diffi- 
cult but  trenching  in  the  saturated  adobe  soil  is  a  real 
problem.  Outlet  lines  usually  have  to  pass  for  con- 
siderable distances  through  soil  not  immediately  un- 
derlain by  shale,  and  in  many  lines  the  upper  several 
feet  of  the  trench  must  be  excavated  through  the 
soil  before  the  shale  is  reached.  With  the  exception 
of  saturated  fine  sand  or  quicksand,  no  class  of  ma- 
terial is  more  difficult  to  handle  than  adobe.  When 
partly  saturated  it  becomes  sticky  and  adheres  to  the 
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materials  and  tools  with  a  tenacity  that  makes  prog- 
ress difficult  and  tedious.  The  skeleton  spade  is  the 
only  tool  that  will  handle  it  with  any  degree  of  suc- 
cess. The  ordinary  shovel  will  not  scour.  When  this 
soil  becomes  completely  saturated  it  often  assumes 
a  semifluid  state  that  makes  the  use  of  tight  sheet- 
ing necessary;  frequently,  not  only  must  the  sides  of 
the  trench  be  sheeted,  but  also  the  face. 

The  most  successful  cribbing  in  such  material 
consists  of  two  heavy  timbers,  held  apart  by  trench 
jacks,  behind  which  is  driven  the  vertical  lumber 
sheeting.  The  boards  should  fit  tightly;  they  may  be 
driven  with  a  heavy  maul  and  removed  with  a  light 
derrick  or  grabhook.  Where  the  sheeting  is  driven 
and  pulled  by  hand,  planed  2  by  6-in.  planks  have  been 
found  the  most  satisfactory.  Sizes  larger  than  this 
are  driven  and  pulled  with  difficulty.  The  bottom 
end  of  each  of  these  planks  should  have  a  long  bevel 
on  one  side,  so  that  it  will  drive  readily  and  straight. 
The  tops  of  the  planks  should  be  beveled  slightly,  or 
a  cap  used  to  prevent  "brooming"  while  being  driven, 
and  the  planks  should  be  long  enough  to  extend  be- 
low the  grade  line.  As  the  material  is  excavated,  two 
more  heavy  planks  should  be  placed  near  the  bottom 
and  held  apart  by  trench  jacks  to  prevent  the  weight 
of  the  material  from  displacing  the  bottom  of  the 
sheeting.  These  can  be  used  also  for  the  workmen 
to  stand  on  when  the  bottom  of  the  trench  becomes 
too  soft.  In  the  latter  event  it  becomes  necessary  to 
place  boards  under  the  tile  in  order  to  hold  them  on 
the  grade  and  prevent  them  from  sinking.  When 
large-sized  tile  are  used  a  cradle  must  be  placed  un- 
der them.  This  cradle  resembles  a  ladder,  the  strips 
running  lengthwise  being  of  2-in.  material  and  spaced 
so  that  the  sides  of  the  tile  will  rest  against  them  as 
well  as  on  the  crosspieces  of  broad  1-in.  lumber. 
The  tile  should  be  covered  by  some  material  such  as 
cinders,  gravel,  or  broken  shale.  Hay  and  straw  have 
been  used  with  success.  The  tile  should  be  well 
blinded  and  weighted  down  before  removing  the 
sheeting,  which  should  be  pulled  slowly  and  carefully 
to  prevent  the  soft  material  that  sloughs  in  from  the 
sides  from  pushing  the  tile  off  grade.  Trenching  ma- 
chines especially  built  with  shields  for  soft  material 
would  handle  some  of  these  soils  satisfactorily. 

The  excavation  of  ditches  should  begin  at  their 
outlets  or  at  their  junctions  with  other  drains  and 
proceed  toward  the  upper  end.  Trenching  should  be 
done  as  neatly  as  possible  and  should  follow  closely 
the  line  of  stakes;  where  the  drain  changes  direction 
the  turn  should  be  made  by  a  neat  curve.  If  possible, 
the  top  soil  should  be  throwTi  out  on  one  side  of  the 
ditch  and  the  shale  on  the  other,  and  in  back-filling 
the  shale  should  be  put  in  first. 

No  attempt  should  be  made  to  grade  the  tile  by  the 
water  in  the  ditch.  Grades  for  the  drains  always 
should  be  established  by  surveys,  and  the  ditch  should 
be  dug  accurately  to  the  depths  specified;  these  depths 
Should  be  measured  from  the  grade  stakes  set  for 
that  purpose,  and  the  ditch  graded  evenly  on  the  bot- 
tom by  means  of  the  "line  and  gage"  method  or  by 
any  other  equally  accurate  device  for  obtaining  an 
even  and  true  bottom  upon  which  to  lay  the  tile. 

The  tile  should  be  laid  as  close  as  possible,  begin- 
ning at  the  lower  end  and  proceeding  upstream.  They 
should  be  turned  about  until  their  upper  edges  close. 
If  there  is  silt  or  other  fine  material  that  is  likely 
to  run  into  the  tile,  the  lower  edges  must  be  laid  close 
and  the  joint  surrounded  by  cinders,  gravel,  or  other 
suitable  material.  If,  in  making  turns  or  by  reason 
of  an  irregularly  shaped  tile,  a  crack  14  in.  or  more 


is  left,  it  must  be  covered  securely  by  broken  tile.  All 
junctions  at  manholes  and  branches  should  be  made 
securely.  Care  must  be  exercised  to  prevent  sediment 
from  washing  into  the  tile,  and  when  each  drain  is 
complete  it  should  be  free  from  sand,  mud,  or  other 
obstructions. 

The  tile  should  be  hauled  and  distributed  along 
the  line  of  trench  all  in  one  operation.  They  should 
be  hard-burned  clay  tile  of  good  quality,  preferably 
in  2-ft.  lengths.  They  should  have  smooth  interior 
surfaces  and  should  be  hard  burned  entirely  through, 
of  uniform  texture,  and  free  from  lime  or  other  im- 
purities. No  piece  should  vary  from  a  straight  line 
more  than  V2  in.  for  a  2-ft.  length.  No  tile  should  be 
used  that  has  a  piece  broken  from  either  end  deeper 
than  1^2  in.  After  the  tile  are  laid  they  should  be 
covered  carefully  to  a  depth  of  at  least  6  in.  with 
broken  shale,  gravel,  or  coarse  cinders. 

Relief  wells  can  be  installed  with  a  2-in.  auger,  or 
where  hard  strata  are  encountered  a  churn  drill  can 
be  used.  Each  well  should  be  located  so  that  it  will 
come  near  the  end  of  a  tile;  it  is  then  connected  with 
the  line  by  chipping  out  one  end  of  the  tile  with  a 
wrench,  so  as  to  leave  a  hole  about  2  in.  in  diameter 
over  the  well.  All  wells  must  be  connected,  regard- 
less of  whether  they  flow  or  not,  for  they  may  flow 
later. 

Where  the  banks  of  the  trench  stand  up  well,  the 
tile  where  wells  are  desired  should  be  left  with  but 
little  blinding  over  them;  after  the  line  is  completed 
a  tile  can  be  taken  up  at  each  of  these  places  and  the 
well  installed.  In  this  case  the  wells  can  be  placed 
directly  beneath  the  tile.  In  trenches  where  the 
banks  will  not  stand,  it  becomes  necessary  to  drill 
the  wells  as  the  tile  laying  progresses,  and  they 
should  be  placed  a  few  inches  to  one  side  and  con- 
nected with  the  opening  in  the  tile  by  placing  a  half 
tile  over  the  well.  They  should  not  be  placed  directly 
beneath  the  tile,  for  the  sediment  washing  down  from 
the  construction  work  above  is  apt  to  fill  up  the  weak 
or  non-flowing  wells. 

Cost  Data. 

It  is  believed  that  the  tracts  from  which  the  fol- 
lowing data  were  obtained  are  fairly  representative 
of  conditions  as  ordinarily  encountered  in  this  type 
of  drainage;  consequently  the  unit  costs  may  be  as- 
sumed to  indicate  fairly  what  may  be  expected  in  ex- 
cavating in  this  sort  of  material  by  hand  labor. 

With  labor  at  $0.25  per  hour,  actual  unit  costs  for 
excavating,  laying  tile  and  back-filling  trenches  in 
shale  ranging  from  6  to  7  ft.  in  depth  averaged  $.12 
per  linear  foot  on  four  small  projects  aggregating  a 
total  of  4.430  ft.  of  trench.  A  contract  job  of  2.768 
ft.  of  7-ft.  trench  was  let  for  $0.20  per  linear  foot, 
while  another  job  of  5,600  ft.,  running  6  ft.  in  depth, 
was  let  so  as  to  average  about  $0.11^^2  per  linear  foot. 
These  figures  do  not  include  the  cost  of  boring  relief 
wells  in  the  bottoms  of  the  trenches.  However,  tak- 
ing the  work  as  a  whole,  this  need  not  increase  the 
cost  by  more  than  an  average  of  $0.02  per  foot,  as 
there  are  nearly  always  some  portions  of  trench  on 
any  job  in  which  the  relief  wells  are  not  essential. 
The  cost  of  boring  the  relief  wells  probably  averages 
about  $0.05  per  linear  foot  of  well  where  the  depth 
below  the  bottom  of  the  trench  runs  from  8  to  16  ft. 
Where  the  depths  vary  from  16  to  25  ft.  the  cost  per 
foot  of  well  may  run  as  high  as  $0.10  per  lineal  foot, 
especially  if  much  sand  rock,  lime  rock,  or  other  hard 
material  be  encountered  that  renders  necessary  the 
use  of  a  drill. 
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Deterioration  of  Carrying  Capac- 
ity of  Cast  Iron  Pipe 

Interesting  information  on  tlie  incrustation  of  water 
mains  was  given  by  Mr.  Burt  B.  Hodgman,  Chief  En- 
gineer, National  Water  Main  Cleaning  Co.,  New  York 
City,  in  a  paper  presented  at  the  recent  convention 
of  the  American  Waterworks  Association.  Extracts 
from  the  paper  follow. 

About  two  years  ago  a  series  of  questions  was 
sent  out  to  water  works  superintendents  and  engineers 
all  over  the  United  States,  asking  for  their  experience 
with  various  kinds  of  water  mains.  Answers  were 
received  covering  users  of  more  than  15,000  miles  of 
cast  iron  pipe.  These  answers  came  from  nearly 
every  State  in  the  Union  and  almost  without  excep- 
tion the  answers  stated  that  the  outside  surface  of 
the  iron  was  in  excellent  condition.  There  were  some 
exceptions,  but  where  those  exceptions  occurred 
there  was  some  special  condition  covering  them.  This 
of  course  does  not  cover  the  question  of  electrolysis, 
but  that  should  be  considered  a  special  condition 
the  same  as  pitting  on  the  outside  v.-hich  occurs  in 
cast  iron  mains  laid  in  peat  bogs  or  laid  in  cinders, 
"hut  with  the  interior  surface  it  is  a  different  thing. 

Incrustation  or  scale  results  from  several  different 
causes.  Probably  the  principal  cause  is  iron  cor- 
rosion due  to  the  soft  waters  which  are  impregnated 
with  free  carbonic  acid,  crenothrix,  or  some  kindred 
source  of  trouble  such  as  the  presence  of  manganese, 
sulphur,  organic  acids  or  mineral  acids,  all  of  which 
will  greatly  accelerate  the  incrustation  of  these  mains. 
Also  it  should  be  noted  that  greater  corrosion  takes 
place  in  pipes  which  have  free  iron  exposed  as  in  the 
case  where  the  line  is  frequently  tapped.  This  may 
be  due  to  galvanic  action.  It  is,  nevertheless,  a  fact 
that  the  same  water  passing  through  a  tar  coated  line 
which  has  not  been  tapped  will  affect  that  pipe  less 
rapidly  than  will  the  same  kind  of  water  where  cor- 
poration cocks  have  been  placed  at  frequent  intervals. 
There  are,  of  course,  other  incrustants,  such  as  pipe 
sponge,  pipe  moss,  etc. 

]?esides  the  iron  corrosion,  we  have  various  de- 
posits found  in  mains  due  either  to  sedimentation  or 
the  settling  of  lime  in  the  water  after  treatment  for 
softening  or  the  deposit  of  lime  stone  such  as  is  found 
in  Salt  Lake  City,  Utah,  or  the  deposit  of  mud,  also 
the  deposit  of  red  mud  due  to  the  presence  of  free 
iron   in   some   waters,   particularly     ground     waters. 


These  deposits  take  place  in  many  different  forms. 
The  red  mud  deposits  all  around  the  pipe  in  a  wavy 
surface  which  retards  the  flow  very  much.  Then 
there  is  a  clay  deposit  such  as  that  found  from  the 
Big  Muddy  River  in  Southern  Illinois,  where  the  clay 
mud  deposits  all  around  the  pipe  concentrically,  in 
one  case  to  the  extent  of  cutting  an  8-in.  pipe  to  an 
open  area  of  5-in.  and  the  surface  of  this  also  was 
wavy,  further  reducing  the  carrying  capacity  of  that 
pipe.  Then  there  are  the  waters  which  deposit  mud 
in  the  bottom  of  the  pipe,  sometimes  filling  mains  to 
more  than  one-half  their  diameter.  This  form  of 
sedimentation  is  found  in  almost  every  part  of  the 
United  States  where  turbid  waters  are  pumped. 

A  list  of  tests  is  submitted  herewith  (Table  D 
showing  the  approximate  number  of  years  pipes  in 
various  localities  have  been  down,  the  kinds  of  water 
passing  through  them  and  the  percentage  of  carrying 
capacity  lost,  due  to  this  corrosion.  These  tests, 
while  not  numerous  enough  to  form  the  basis  for 
definite  conclusions,  still  may  perhaps  be  of  use  to 
the  superintendent  in  determining  what  his  condi- 
tions and  his  troubles  may  come  from. 

Many  of  the  tables  on  the  flow  of  water  in  cast 
iron  pipes  give  a  coeflicient  to  use  for  pipe  a  certain 
number  of  years  old.  These  coefficients  are  so  vari- 
able that  it  seems  better  to  find  out  what  the  local 
conditions  are  for  each  particular  place  before  de- 
ciding what  a  pipe  will  carry  after  being  a  certain 
number  of  years  in  service.  Some  comparatively 
hard  waters  such  as  that  of  the  Great  Lakes,  for  in- 
stance, may  flow  through  cast  iron  pipe  for  20  years 
without  seriously  affecting  the  carrying  capacity, 
while  the  waters  of  the  Ohio  River  almost  invariably 
destroy  the  carrying  capacity  to  a  very  large  extent 
in  that  length  of  time.  In  New  England  the  surface 
waters  in  general  will  probably  reduce  the  carrying 
capacity  of  small  mains  from  25  per  cent  to  40  per 
cent  in  20  years.  Some  of  the  snow  waters  of  the 
Pacific  Coast  have  destroyed  the  carrying  capacity  of 
cast  iron  pipe  to  the  extent  of  50  per  cent  in  20 
years.  Some  of  the  Southern  surface  waters  which 
are  very  soft  and  in  cases  contain  organic  acids  have 
been  known  to  destroy  75  per  cent  to  80  per  cent  of 
the  carrying  capacity  of  small  mains  in  a  period  of 
20  years.  The  upper  Mississippi,  which  at  times  runs 
very  high  in  hardness,  seems  to  affect  pipe  but  very 
slightly,  excepting  where  the  water  has  been  soft- 
ened, thereby  causing  a  heavy  rough  deposit  of  lime. 


TABLE  I.— AGE  OF  PIPES  AND  CARRTING  CAPACITY  LOST  DUE  TO  CORROSION*. 

Age  of     Capacity 


Kind  of  water 


Size. 


Locality. 

South  Milwaultee,  VFis Lake  Michigan   10 

Chicago,   111 Lake  Michigan    6 

Rochester.  N.  T Lake  fed  by  springs 4 

New  Jersey Grounfl    e, 

Missouri    Mississippi  anj  Missouri  Rivers....  20 

Rochester,  N.  Y Genesee  River 12 

Lockport.  N.  Y Erie  Canal   6 

Salt  .Lake  City,  Utah Mountain  water (?-16 

Camden.  N.  J Ground  water   8 

Philadelphia,  Pa Surface  water 6 

Cumberland.  Md Potomac  River 6 

California Mountain    snows    16 

Meridian.   Miss Surface    and   spring 16 

Madison,    Ind Ohio  River   6 

New  York   Surface  

Kansas   Missouri  River    10 

Kansas   ^lissouri  River    24 

Mt.   Vernon,  111 Surface  water  6 

Arkansas   Arkansas  River    6 

Missouri    Ground  water   4 

Philadelphia.  Pa Surface  water 6 

Huntington,  W.  Va Ohio  River   6 

Wheeling,  W.  Va Ohio  River    6 

Illinois  Surface  water  6 

Long  Island   Grcimd  water   12 

Boston,  Mass Surface  ^\■ater IB 

St.   Louis,   Mo River  water   6 

Meriden.  Conn Surface  water 12 

Connecticut    Surface  water 36 


Special    conditions. 
Hardness  lSO-200. 
Hardness  lSO-200. 
Spring  water. 
Iron  deposit. 

Lime    and    iron   treatment 
Surface  water. 
Polluted  with  sewage. 
Hardness  \'ery  high. 

Hardness  180  parts  per  million. 

Hardness  100-120. 

Very  soft. 

Soft:    sometimes    acid. 

Soft    and    sediment. 

Soft  water. 

Treated   with   lime:    hardness   300-450   parts. 

Manganese  present. 

Hisrh  in   salt  and  hardness. 

Sulphur  End  other  minerals. 

Hardness  ISO   parts  per  million. 

Soft,   with   mineral  acids. 

Soft,   with   mineral  acids. 

Soft  water. 

Soft. 

Soft  water. 

Treated  water. 

Soft. 

Soft.  . 
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This  is  more  or  less  true  also  of  the  Missouri  River 
or  Central  Plains  waters.  Then  there  is  the  Arkansas 
River  water  which  runs  very  high  in  salt  as  well  as 
alkalinity,  and  in  the  small  pipes  supplied  from  this 
water  we  frequently  find  50  per  cent  to  60  per  cent  of 
the  carrying  capacity  destroyed  in  a  period  of  20 
years. 

To  give  the  superintendent  an  idea  of  the  effect 
of  corrosion  on  small  pipe  (6-in  to  12-in.")  so  that  he 
may  .iudge  of  his  local  conditions  by  noting  the  in- 
terior of  his  mains  when  cuts  are  made,  the  following 
estimates  are  given : 

Tubercules  from  I's  in.  to  H  in.  in  depth,  occurring 
principally  at  the  bottom  of  the  interior  surface  of 
the  pipe,  will  cut  the  carrying  capacity  from  15  per 
cent  to  20  per  cent. 

Tubercules  from  Vs-in.  to  ^s-in.  in  depth,  covering 
practically  the  entire  inner  surface  of  the  pipe,  will 
cut  the  carrying  capacity  from  35  per  cent  to  40  per 
cent. 

Tubercules  from  i4-in.  to  la-in.  in  depth,  covering 
the  entire  inner  surface  of  the  pipe,  will  cut  the  car- 
rying capacity  from  45  per  cent  to  50  per  cent. 

Tubercules  from  1/2-in.  to  1-in.  in  depth  all  around 
the  inner  surface  of  the  pipe  will  cut  the  carrying  ca- 
pacity down  from  70  per  cent  to  75  per  cent. 

To  determine  the  effect  of  this  corrosion  on  the 
pipe  some  25  samples  altogether  have  been  analyzed 
to  determine  the  exact  amount  of  the  iron  from  the 
pipe  which  has  been  destroyed,  and  we  find  in  the 
worst  samples  examined  that  the  rate  of  destruction 
is  only  about  1/10  of  1  per  cent  per  year,  or  10  per 
cent  of  the  iron  in  100  years.  We  find  in  some  isolated 
cases  that  underneath  these  tubercules  there  is  a 
slight  pitting,  but  even  though  the  pipes  are  scraped, 
some  scale  is  left  covering  this  pitting  and  forms 
more  or  less  of  a  protective  coating  to  the  iron  at 
that  point,  and  as  a  very  large  factor  of  safety  is  used 
in  the  designing  of  cast  iron  pipe  this  pitting  could 
be  many  times  as  bad  as  it  grows,  or  as  it  has  been 
in  any  place  so  far  observed  without  seriously  en- 
dangering the  strength  of  the  pipe. 

The  percentage  of  carrying  capacity  lost  in  large 
pipes  is  not  as  great  as  that  in  small  pipes,  due 
principally  to  the  fact  the  percentage  of  area  filled 
by  corrosion  in  the  large  pipes  is  not  as  great  as  that 
in  the  small  pipes. 


Extinguishing  a  $4,500,000  Gas  Well    Fire 

A  gas  well  fire,  17  miles  west  of  Monroe,  La.,  was 
extinguished  by  means  of  water  from  hose  lines.  The 
well  had  a  flow  of  44,000,000  cu.  ft.  per  day  under  a 
head  pressure  of  1,500  lb.  The  fire  started  on  June 
16  and  was  put  out  on  June  22  after  it  had  been  burn- 
ing for  5^2  days.  At  the  suggestion  of  William  Guerin, 
former  deputy  chief  of  the  New  York  fire  department, 
two  hose  lines  working  under  very  high  pressure  were 
led  up  to  the  well  as  close  as  possible  and  the  water 
turned  on.  After  cooling  the  ground  and  what  re- 
mained of  the  pipe  the  two  lines  of  hose,  opposed  to 
each  other,  were  gradually  raised.  Meeting  as  they 
did  in  the  column  of  gas,  as  soon  as  the  stream 
reached  the  base  of  the  flame  the  water  was  turned 
into  steam  which  formed  a  curtain,  shutting  off  the 
gas  from  the  blaze  above  in  such  a  way  that  the  fire 
was  extinguished. 


Method  of  Laying  14,000  Ft.  Sub- 
merged Universal  Pipe  Line 

Universal  pipe  was  used  in  the  construction  last 
year  of  a  14,000-ft.  submerged  pipe  line  at  Puerto 
Barrios,  Gautemala.  The  8-in.  submerged  section  is 
a  portion  of  a  5^  o-mile  line  that  will  bring  a  water 
supply  to  the  city  from  a  mountain  stream.  The  pipe 
was  laid  across  an  arm  of  the  bay,  the  maximum 
depth  of  the  water  being  24  ft. ;  the  bottom  was  ooze. 
Universal  pipe  also  was  used  for  the  land  portion  of 
the  line.  The  methods  employed  in  the  laying  of  the 
submerged  line  were  described  by  Mr.  T.  Howard 
Barnes,  in  a  paper  presented  before  the  Richmond 
Convention  of  the  American  Water  Works  Associa- 
tion, from  which  the  following  is  abstracted: 

The  method  of  laying  was  as  follows :  Two  small 
deck  lighters  or  floats  were  strapped  side  by  side  with 
about  6  ft.  clear  space,  forming  a  catamaran.  A 
trussed  trough  tailing  into  a  pair  of  long  planks,  and 
having  a  sliding  way  for  paying  off  the  pipe  was  sus- 
pended near  its  upper  end  from  a  light  framed  der- 
rick on  one  of  the  lighters.  To  the  cradle  were  at- 
tached sufficient  barrel  floats  to  make  it  nearly 
buoyant  when  supporting  the  pipe. 

The  length  of  the  cradle  with  its  tail  planks  was- 


Catamaran   Employed   in   Laying  Submerged  Pipe  Line. 

finally  made  100  ft.,  suflicient  to  reach  the  bottom  at 
a  slope  of  about  14°.  This  length  was  at  first  not  so 
great,  but  later  was  made  so. 

The  pipes  lay  net  6  ft.  For  submerged  use  they 
were  tested  again  on  the  ground,  eliminating  about  40 
pieces  out  of  the  2,400  laid  under  the  water,  or  1  in 
60.  The  joints  were  smeared  with  red  lead.  The 
ears,  of  course,  were  kept  in  a  horizontal  position,  so 
as  to  permit  vertical  deflection  in  the  pipe.  The  bolts 
were  enveloped  in  a  mixture  of  crude  oil  and  cement 
held  in  place  by  muslin. 

The  use  of  red  lead  was  adopted  on  the  joints  for 
subaqueous  work.  It  has  been  found  that  red  lead 
adheres  better  than  white  for  wet  work.  For  earth 
trenches  white  lead  was  used.  The  bolts  on  land  were 
protected  by  lean  cement-sand  mortar  and  bound  in 
muslin.  This  was  because  the  trenches  were  shallow 
and  organic  material  was  likelj'  to  rust  the  bolts 
rapidly. 

The  position  of  the  catamaran  was  manipulated  and 
maintained  by  six  lines,  two  each  forward,  aft  and 
abreast,  while  alignment  was  maintained  by  tall 
ranges  on  shore.  Progress  was  quite  rapid  as  a  rule. 
To  guard  against  accident  from  squalls,  the  cradle 
and  pipe  were  lowered  each  night  and  noon,  whenever 
the  work  was  suspended.    Work  began  Aug.  24,  1916> 
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and  the  last  pipe  was  laid  Oct.  19,  1916.  The  number 
of  working  days  was  47  in  laying  14,400  ft.  of  pipe. 
The  average  per  day  was  306  ft.  The  biggest  day's 
work  was  600  ft.,  and  for  one  week  2,982  ft. 

At  intervals  of  about  100  pieces,  a  water  test  was 
applied  by  means  of  a  hand  pump.  When  about  7,000 
ft.  had  been  laid  the  test  failed  to  show  a  pressure  on 
the  gauge.  Air  was  then  applied  and  two  or  three 
issues  located.  Work  was  not  arrested,  but  a  diver 
was  sent  for  to  make  an  e.xamination.  While  waiting 
for  the  arrival  of  the  diver,  the  pipe  laying  was  fin- 
ished. 

The  air  issues  indicated  accurately  the  situation  of 
the  broken  pipes.  There  proved  to  be  seven  in  all. 
Of  these  two  were  in  pipe  split  lengthwise  and  five 
where  there  were  annular  cracks  at  the  shoulder  of 
the  toolwork  against  the  rough  iron.  These  fractures 
were  probably  due  to  too  much  deflection  in  tailing 
off  from  the  cradle  to  the  bottom  in  the  case  of  pipe 
laid  before  the  cradle  was  lengthened.  It  is  also 
probable  that  the  sea  chop  at  times  produced  a  com- 
pression on  the  side  of  some  joints  at  the  tail  of  the 
cradle. 

It  was  demonstrated  in  the  repairs  that  single  pipes 
were  easily  removed.    The  oil  cement  mortar  for  pro- 


Pipe  on  the  Ways  of  the  Catamaran. 

tecting  the  bolts  against  rusting  rendered  the  re- 
moval easy  and  lifting  two  pieces  each  way  from  the 
defective  one  sufficed  to  liberate  the  latter  and  admit 
the  new  pipe. 

The  experience  recounted  of  the  use  of  this  joint 
indicates  a  possibility  in  laying  submerged  lines  with 
greater  economy  than  has  been  thought  possible  for 
similar  situations.  It  is  believed  that  it  is  possible 
to  lay  this  pipe  in  certain  submerged  situations  up 
to  the  limit  of  the  sizes  where  only  a  single  pair  of 
ears  are  required. 

Attention  should  be  called  to  the  favorable  cir- 
cumstances obtaining  as  to  bedding  of  the  pipe  in  this 
Instance.  The  sea  bottom  is  a  pure  bed  of  ooze  into 
which  the  pipe  sank  for  nearly  its  full  diameter  in 
the  process  of  laying.  The  bed  is,  therefore,  one 
ideally  prepared  by  nature.  The  lightness  of  the  pipe 
lengths  for  transporting  was  an  important  factor. 
The  facility  for  jointing  in  this  region  of  crude  help 
and  adverse  weather  was  also  a  favorable  circum- 
stance. This  feature  was  likewise  appreciated  in  the 
land  portions,  where  swamp  and  declivity  presented 
difficulties  in  handling  heavy  pieces. 

The  final  air  test  was  60  lb.,  initial  pressure,  which 
in  24  hours  reduced  to  40  lb. 


The  cost  of  the  labor  on  the  14,400-ft.  submerged 
portion  of  the  work  was  about  as  follows: 

Cost 

^.                                                                                            Cost.  per  toot> 

Fipe   testing,    handling   and   Ipving $1600.00  $0.1111 

Hire   of    launch 320  00  0222 

Building    cradle    100.00  .0069' 

Repairs   and    preparation    of   catamaran 150.00  .0104' 

Storing  of  plant   after   finishing   job 150.00  .0104 

Replacing  defective  pipe,  line  tests,  etc.  (in- 
cludes about  $350  expenses  for  diver  and 
helper  sent  from  the   United  States  but  not 

retained;      900.00  .062a- 

Total    $3,220.00  $0.2235 


Use   of   Automobiles   for  Survey 
Work  for  Irrigation  Project 

The  advantages  of  automobiles  for  transporting 
field  parties  between  camp  and  work  are  out- 
lined in  the  June  Reclamation  Record  by  Mr.  0.  T. 
Reedy,  Construction  Engineer,  U.  S.  Reclamation 
Service.    The  article,  practically  in  full,  follows. 

The  Fort  Laramie  unit  of  the  North  Platte  project 
is  now  operating  four  automobiles.  The  first  was  re- 
ceived in  February,  1916,  and  was  used  by  the  con- 
struction engineer  and  his  principal  assistant  for  su- 
pervising construction  work.  As  the  season  opened 
up  one  machine  was  found  to  be  inadequate  for  this 
purpose,  and  another  was  purchased  in  April,  so  that 
each  of  the  engineers  last  mentioned  was  assigned* 
the  use  of  a  car.  In  the  same  month  a  camp  was  or- 
ganized about  25  miles  down  the  valley  and  placed 
in  charge  of  an  assistant  engineer  who  had  consid- 
erable territory  to  cover,  and  a  car  was  purchased 
for  his  use.  It  is  to  be  noted  that  the  primary  use  to 
which  these  three  cars  were  put  is  that  of  supervisorv 
work.  The  work  under  consideration  consisted  prin- 
cipally of  the  construction  of  42  miles  of  main  canal, 
involving  the  handling  of  4,500,000  cu.  yd.  of  mate- 
rial, and  the  advance  location  and  cross-sectioning  of 
an  additional  20  miles. 

While  the  primary  use  of  these  cars  has  been  that 
of  supervisory  work,  all  of  them  have  been  in  use 
more  or  less  on  survey  work.  In  November,  1916,  it 
was  found  advisable  to  assign  one  of  these  cars  to  a 
field  party  for  the  sole  use  of  survey  and  construc- 
tion engineering  work,  and  a  new  car  was  purchased 
for  the  use  of  the  construction  engineer.  The  party 
using  this  car  is  in  charge  of  Mr.  H.  J.  Woodman, 
junior  engineer,  and  is  assigned  the  care  of  about  11 
miles  of  heavy  canal  construction  (in  fact,  the  heav- 
iest on  the  unit  with  the  exception  of  the  Springer 
Cut  at  mile  60),  including  four  of  the  largest  struc- 
tures on  the  unit.  These  structures  consist  of  tun- 
nel No.  1,  2,700  ft  long;  tunnel  No.  2,  2,150  ft  long; 
Laramie  River  and  Deer  Creek  siphons. 

The  work  required  of  this  party  has  been  increas- 
ing to  such  an  e.xtent  that  it  was  seen  that  the  neces- 
sity would  soon  arise' for  putting  on  another  party. 
The  men  were  so  rushed  that  on  many  occasions  they 
had  to  do  their  surface  work  in  the  daytime  and  a 
considerable  portion  of  the  tunnel  work  at  night.  A 
careful  analysis  was  made  of  the  time  spent  each  day 
and  it  was  found  that  between  30  and  50  per  cent  of 
the  time  was  used  up  on  the  road  going  from  one  job 
to  another,  and  the  party  chief  presented  evidence  to 
the  eff'ect  that  one  party  could  handle  all  this  work  if 
they  were  supplied  with  a  car  in  order  to  reduce  the 
travel  time.  This  was  done  and  the  experiment  has 
proved  to  be  more  than  satisfactory. 

The  cost  of  a  machine  laid  down  at  this  station  is 
$408.05.  The  cost  of  a  suitable  team,  spring  wagon, 
and  harness  is  about  $450  more.     An  outright  sav- 
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ing-  in  equipment  through  this  arrangement  was  about  than  the  team  cost  for  any  corral  on  the  unit.     The 

$497,  since  the  team  equipment  already  in  use  could  camp  whose  teamwork  is  more  nearly  comparable  in 

be  transferred  to  construction  work,  and  the  one  car,  character  with  that  of  automobile  "G"   is  Box  Elder 

therefore,  took    the    place   of  two   team   outfits.     In  camp,  which  has  an  average  monthly  cost  of  $36.60, 

addition  to  this  there  is  a  saving  of  the  salaries  of  or  30   per  cent   more  than  that    of    the   automobile. 

one  engineering  party   amounting  to   a  minimum  of  However,  this  camp  has  been  established  only  three 

$230  per  month.  months,  and  it  is  reasonable  to  suppose  that  later  the 

The    accompanying   tabulation    gives     comparative  corral    cost   will   be   somewhat   reduced,   probably   to 

cost  records  covering  the  operation  of  the  four  auto-  somewhere    in    the  neighborhood  of  that  shown   for 

mobiles  in  use  on  this  unit,  and  the  team  costs  for  Cherry  Creek  camp,  or  $30.12,  which  is  a  little  less 

the  four  corrals  on  the  unit.  than   7   per   cent  more  than   that  of  the  outomobile. 

Average  When  these  figures  are  considered  in  connection  with 

Period     main-    „,        ^       ,       ,  the  fact  that  the  capacity  of 'the  survey  party,  espe- 

cost        tenance  Character  of  work  requir-  .    ,,               ,,                   ..."             ...                     i    ^             ,-r> 

record       per                ingr  vehicle.  cially  on  the  Construction  work,  is  increased  from  50 

Automobiles.             months,    month.                                        ^  to  80  per  cent,  and  that  the  cost  of  camp  installation 

■T"    11           $25.50     95  per  cent  supervision;  5  ,'^.              '.                                tijjji. 

per  cent  survev.  and  equipfnent  IS  correspondingly  decreased,  due  to 

"G"   9         28.20    eo^^per^cent^  supervision:  fg^,^^  camps  required,  the  argument  in  favor  of  the 

"H"  9          19.75    SS'  per  cent  supervision;  automobile  is  almost  without  Opposition. 

15  per  cent  survey. 

"L"   1          10.69    100  per  cent  supervision  Since  becoming  convinced  of  the  economy   of  op- 
Team.                                                      ""    ""'  ^^  '  erating  automobiles  in  place  of  team  and  wagon  out- 
Port  Laramie  corral....    16          29.34    ^"^P^J '^^^Jt^^^/^^^.^J^^™  P„^^  fits   for  Survey   operation  we  are   intending  to   work 

general.  into  this  svstem  exclusivelv  as  fast  as  new  equipment 

Cherry  Creek   corral 8  30.12     70  per  cent  survey;  30  per        .  .       j        „-  .,    .*        ,  „„„„    „.  ^„  i 

cent  general.    '        '^  IS  required.    Of  course  it  IS  always  necessary  to  have 

Ix)ndon   flats  corral 13             46.26     60  per  cent  survey:  40  per  ^^    ig^g)-    ^j^g   (-eam    in    each    large    Camp,   but   Onlv   inci- 

cent     construction     and  ,,       ..                                              ,         .            ..    ,                       j.          j 

general.  deiitallv  for  any  survev  work,  since  it  has  been  found 

Box  Elder  corral 4             36.60     SO^per  c^nt^^urvey ;  10  per  ^^  ^^^  '^^^^  ^^  ^^^^  ^^^^   disCUSSing  that   during  the 

The    actual    monthly  expense  for  the  three  months  months   of  November    December,  and  January  fhere 

that  car  "G"  has  been   used   exclusively    on    survey  ^^re  only  two  days  that  the  car  could  not  make  its 

work  is  $37.55.     The  detail  costs  are  shown  in  the  ^^^"'^r  runs  on  account  of  the  weather,  and  on  these 

accompanying  tabulation.  two   days   the   weather  was   so   severe  that  the   men 

elected  to  walk  to  the  tunnel  work  rather  than  to  try 

r- ^LTnit  cost  per  mile.— --,  ^      j^^^,         j             ^^^^  ^^^^  ^  ^^^^ 

Gaso-    Lubri-     Re-       Suo-     Total      Total 

Month.              Miles,    line,    cation,   pairs,    phes.    unit,  monthly.  Qf  course  the  Conditions  which  are  most  unfavor- 

November    466    $0,031    $0,005    $0,010    $0,042    $o.os8    $41.00  able  for  the  use  of  the  automobile  in  survey  work 

^"iTiV:''"'  *"       ••"'       ""'       ■*''       ■''"       •°"'     ''•"  are  those  of  a  new  country,  where  the  roads  are  not 

January  550       .033       .002       .014       .032       .081     44.55  opened   up.     Circumstances   recently  arose,  however. 

Average  $37.55  in  which  we  were  compelled  to  adopt  this  method  of 

It  should  be  noted  that  the  tabulation  covers  three  transportation   in   work  across   undeveloped  country, 

■winter  months,  which  in  itself  is  sufficient  reason  for  Orders  were  received  to  rush  with  all  possible  haste 

a  considerable  increase  in  the  monthly  cost.     While  certain    advance    location    surveys,  the  results    from 

it  is  possible  to  some  extent  to  select  the  milder  days  which  were  urgently  needed.    This  was  in  the  middle 

upon  which  the  road  conditions  are  easier  to  do  the  of  the   winter,   and   on   account   of  the   weather   and 

■work  of  supervision,  it  is  imperative  that  the  survey  the  lack  of  temporary  camping  facilities  it  was  neces- 

car  be   on   the   road   day   after  dav   practicallv  irre-  sary  to  carry  on  this  work  from  such  camps  as  were 

spective  of  roads  and  weather,  on  account  of  the  re-  already  established.     To  do  this  by  means  of  teams 

quirements  for  lines  and  grades  in  the  several  tunnel  would  be  out  of  the   question,  as  even   at  the  start 

headings.  50   per  cent   of  the   working   day  would   be   required 

Another  factor  that  has  increased  the  cost  of  op-  on  the  road,  and  it  would  not  be  very  long  before 
erating  the  survev  car  during  the  last  three  months  there  would  be  no  time  to  work  at  all,  as  the  men 
is  that  during  that  time  it  has  traveled  over  the  most  would  have  to  immediately  turn  around  and  return 
difliicult  roads,  aside  from  the  incident  of  their  being  home  as  soon  as  they  reached  the  field, 
made  so  by  the  winter  weather,  of  any  on  the  unit.  The  principal  assistant  to  the  construction  engineer 
While  the  cars  whose  use  has  been  practically  only  took  charge  of  this  work  personally  and  used  the 
for  supervision  work  have  also  been  required  to  travel  automobile  assigned  to  him  as  well  as  the  one  as- 
over  these  heavy  roads  they  have  had  a  considerable  signed  to  the  construction  engineer  and  ,h1so  that  of 
amount  of  travel  in  longer  trips  over  fairly  good  the  assistant  engineer  at  Cherry  Creek  Camp.  In 
roads  to  bring  down  the  average.  The  soil  at  the  up-  this  way  the  work  was  pushed  very  rapidly,  notwith- 
per  end  of  the  project  is  very  sandy  and  roads  are  standing  the  adverse  conditions,  and  it  has  been 
exceedingly  heavy  for  at  least  75  per  cent  of  the  year,  found  that  even  under  such  circumstances  the  auto- 
During  the  infrequent  wet  spells  they  are  in  very  fair  mobile  is  more  advantageous  and  at  least  as  econom- 
condition,  but  this  is  so  seldom  that  most  of  the  time  ical  as  the  use  of  the  team  outfits. 
one  forgets  that  there  is  any  such  thing  as  good  roads  It  is  our  practice  as  soon  as  the  canal  is  located  to 
on  this  corner  of  the  project.  attach  a  riding  plow  behind  a  heavy  wagon  and  plow 

It  is  the  opinion  of  the  writer  that  the  costs  shown  two  furrows,  whose  distance  apart  is  that  of  the  auto- 

for  atuomobile  "G"  covering  the  full  9-month  period  mobile  track,  on  the  lower  side  of  the  located  canal, 

in  which  it  was  used  both  for  supervision  and  survey  and  in  this  way  a  road  which  reaches  to  any  part  of 

work   will    be   about   the   average   cost   for   an   auto-  the  work  is  secured  at  very  little  expense.     Of  course 

mobile    used    exclusively    on    survey    work  the    year  these  furrows  can  not  be  plowed  when  the  ground  is 

round  and  on  the  average  roads  of  the  unit.     Atten-  frozen,  a  condition  which  operated  to  subtract  from 

tion  is  called  to  the  fact  that  while  this  is  the  highest  the  efficiency  of  the  automobile  in  the  advance  survey 

monthlv  cost  of  any  automobile  on  the  unit  it  is  lower  work  just  discussed. 
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A  Page  from  Recent  Water  Works 
Reports 

Cost  of  Furnishing  Ice  for  Drinking  Fountains.— 

During  1915  the  Water  Board  of  Cambridge,  Mass., 
maintained  eight  ice  water  drinlting  fountains.  This 
practice  was  started  in  1904.  The  cost  of  furnishing 
the  fountains  with  ice  during  the  summer  months  for 
the  past  12  years  has  been  as  follows : 

Average 
cost  per 

Total  cost  day  per 

Number.       per  >'ear.  fountain. 

4                  $480.35  $1.20 

4                    514.1S  .94 

5                    795.64  1.57 

6                    655.49  1.09 

6                   705.99  1.04 

6                    823.48  1.15 

5                   712.65  1.24 

5                    734.20  1.34 

7                    918.75  1.25 

7                    970.81  .97 

7                     747.68  .78 

S                    719.83  .74 


Tear. 

1904 « 

1905 

»190t; 

1907 

1908 

1909 

191U 

1911 

1912 

§1913 

tl914 

tl915 

•Prices  of  ice   in   1906    were  25   ct.   ar.d   40   ct.    per  100   lb.;    in 
other  years  12^4  ct.   and  15  ct.  per  100  lb. 

§-Again,  in  1913.  the  price  of  ice  was  25c  per  100  lb. 
t.\  verj'  cool  summer. 


Leaks  in  Distributing  System  of  Cambridge,  Mass. 

— The  number  of  leaks  per  mile  of  the  distributing 
system  of  Cambridge,  Mass.,  for  the  year  April  1, 
1915-March  31,  1916,  was  1.40.  In  all  187  leaks  were 
reported  and  repaired  by  the  Water  Department. 
These  were  distributed  as  follows:  139  on  supplies, 
8  on  hydrants,  10  on  main  pipe  joints,  10  on  gates,  2 
on  blow-offs,  2  on  standpipes  (street  watering),  1  on 
service  box,  3  on  4-in.  main  pipes,  5  on  6-in.  main 
pipes,  1  on  8-in.  main  pipe,  1  in  12-in.  main  pipe,  1  on 
24-in.  main  pipe,  1  on  30-in.  main  pipe,  2  on  40-in. 
steel  main,  1  on  63-in.  conduit.  Five  leaks  on  sup- 
plies in  street,  one  on  6-in.  main  and  one  on  40-in. 
main  were  caused  by  electrolvsis. 


Operation  of  Filter  Plant  at  Bangor,  Me. — The  new 

filter  plant  of  Bangor,  Me.,  was  placed  in  operation 
Feb.  6,  1911.  It  consisted  of  six  units.  In  1912  the 
plant  was  increased  in  capacity  by  the  equipment  of 
two  blank  units,  so  that  at  the  present  time  this  plant 
consists  of  eight  units  with  a  total  sand  area  of  3,407 
sq.  ft.  The  minimum  capacity  of  this  plant  is  8,000,- 
000  gal.  per  day,  but  this  rate  can  be  greatly  ex- 
ceeded for  short  periods.  The  sand  in  the  filters  has 
an  effective  size  of  .55  to  .59  mm.  and  a  uniformity 
coefficient  of  1.25  to  1.74.  At  times  of  extreme  cold 
weather  ice  has  formed  in  the  rear  of  the  beds,  under 
the  concrete  decks,  but  this  has  been  overcome  by  re- 
ducing the  head  of  the  water  on  the  sand  beds,  so  that 
air  may  circulate  under  the  filter  decks.  In  operat- 
ing the  filters  during  the  cold  weather,  it  is  necessary 
to  wash  them  every  eight  hours  otherwise  they  be- 
come "air  bound"  and  permit  undesirable  water  to 
pass.  The  "air  bound"  conditions  commence  when 
the  temperature  of  the  water  is  below  45'  F.  When 
the  water  is  warmer  it  is  possible  to  operate  the 
filters  from  16  to  24  hours  between  washings.  The 
average  amount  of  water  treated  during  the  munici- 
pal year  1915-1916  was  about  3,710,000  gal.  per  day. 
During  the  year  4.029  filters  were  washed,  an  average 
of  11  per  day.  This  is  a  decrease  of  3.6  per  cent  in 
the  number  of  filter  washings.  The  average  amount 
of  water  used  in  washing  one  filter  was  about  22,000 
gal.,  the  filter  being  out  of  service  about  6  minutes. 


is  now  using  wrought  iron  galvanized  pipe  for  serv- 
ices. The  department  lines  the  pipe  with  cement. 
The  cost  of  the  new  service  pipe  is  approximately  50 
per  cent  of  that  of  the  former  pipe.  Malleable  iron 
counter  sunk  fittings  lined  with  lead  are  used  with 
the  new  service. 


Notes  on  Maintenance  of  Wachusetts  Aqueduct. — 

The  following  notes  from  the  report  of  the  Metropoli- 
tan Water  and  Sewerage  Board,  Boston,  Mass.,  relate 
to  maintenance  work  in  connection  with  the  Wachu- 
setts Aqueduct:  The  usual  care  has  been  taken  of 
the  aqueduct  lands  and  structures  and  the  brush, 
grass  and  weeds  have  been  cut.  The  mowing  covered 
a  length  of  10  miles  and  cost  about  $87  per  mile. 
Wheelock  No.  65  wire  fence  was  constructed  along 
the  aqueduct  land  for  a  length  of  13,383  ft.,  at  a  cost 
of  15  ct.  per  linear  foot  including  16  iron  gates  each 
10  ft.  in  length.  This  fence  replaces  a  spruce  board 
fence  which  was  erected  in  1897.  About  e^i  acres 
of  aqueduct  embankment  in  Berlin  and  Northborough 
were  regraded,  dressed  with  fertilizer  and  sown  with 
grass  seed  at  a  cost  of  $77  per  acre.  The  upper  7 
fhiles  of  the  aqueduct  was  thoroughly  scrubbed  on  the 
inside  with  stiff  brooms  and  clean  water  in  August, 
at  a  cost  of  $43  per  mile.  This  work  included  the 
application  of  a  wash  of  two  coats  of  Portland  cement 
grout  containing  2  per  cent  Medusa  waterproofing 
compound  to  a  length  of  25  ft.  of  the  aqueduct,  in 
continuation  of  the  work  done  last  year,  to  check  a 
slight  leakage  which  continued  at  this  place.  Early 
in  the  summer  the  portion  of  the  open  channel  from 
the  terminal  chamber  of  the  masonry  aqueduct  down 
to  the  upper  dam  was  improved  along  the  shore  line 
by  removing  bunch  grass  and  other  vegetation  and 
regrading  the  slopes  with  the  fine  material  washed 
down  b.v  the  flowing  water  and  facing  them  with 
heavy  gravel  found  along  the  shores.  The  cost  of 
the  work  was  3.2  ct.  per  linear  foot  of  shore  line, 
which  is  equivalent  to  a  maintenance  cost  of  less  than 
$11  per  mile  of  shore  line'per  year. 


Notes  on  Operation  of  Filter  Plant  of  Erie,  Pa. — 

The  rapid  sand  filtration  plant  of  Erie,  Pa.,  filtered 
6.881,170,000  gal.  of  water  in  1916.  Compared  with 
1915  this  is  an  increase  of  1,066,600,000  gal.  or 
18.34  per  cent.  At  times,  especially  during  the 
months  of  July  and  August,  the  plant  was  operated 
as  high  as  35  per  cent  above  its  normal  capacity. 
While  operating  above  normal  capacity  no  decrease 
was  noted  in  the  high  efficiency  obtained  while  op- 
erating at  normal  rates.  It  required  304.631  lb.  of 
aluminum  sulphate  to  treat  all  the  water  filtered;  ex- 
pressed in  grains  per  gallon  is  equal  to  .31.  This  is 
an  increase  of  50  per  cent  over  the  amount  required 
per  gallon  in  1915.  The  increased  turbidity  of  the 
water  treated  made  the  increase  in  coagulant  neces- 
sary. Total  hypochlorite  of  calcium  used  27,138  lb. 
or  .3.9  lb.  per  1,000,000  gal.  treated.  In  washing  the 
filters,  129,100,000  gal.  of  filtered  water  were  used. 
This  is  1.88  per  cent  of  the  total  filtered.  The  cost 
of  operation  and  maintenance  for  1916  was  $13,868; 
cost  per  1,000,000  gal.  filtered  $2.02.  Cost  of  opera- 
tion and  maintenance  is  divided  as  follows: 

Labor    and    supenision     $6.3."9.20 

\lum     4,658.89 

Hypo     1.045.71 

Wash     water 1,050.40 

Maintenance    of    plant    and    laboratories 573.77 


Cement    Lined    Wrought    Iron    Galvanized    Service 
Pipe. — The  Water  Works  Department  of  Lynn,  Mass., 
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♦Does   not   include  low   duty   pumping,   light,   heat   or  pressure 
water. 
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Creosoted  Wood  Stave  Pipe  Line 
for  Irrigation  Project 

A  creosoted  wood  stave  pipe  line  has  been  con- 
structed recently  by  the  Wenatchee  Reclamation  Dis- 
trict of  Wenatchee,  Wash.,  replacing  ordinary  wood 
pipe  that  had  outlved  its  period  of  usefulness.  The 
pipe  line  carries  irrigation  water  for  the  main  por- 
tion of  the  Wenatchee  Valley,  comprising  a  total  of 
some  12,000  acres,  7,500  acres  of  which  are  in  Che- 
lan County  (immediately  surrounding  the  city  of 
Wenatchee)  and  the  remainder  in  Douglas  County, 
across  the  Columbia  River.  The  creosoted  section  is 
l^o  miles  long,  is  63  in.  in  diameter  for  a  portion  of 
its  length,  reducing  to  60  in.  with  an  increased  head. 


on  the  treatment  to  see  that  the  wood  received  the 
oil  without  harm  to  itself. 

In  the  creosoting  it  was  necessary  to  devise  a 
method  whereby  a  proper  treatment  of  the  staves 
could  be  accomplished  without  in  any  way  affecting 
the   size,   shape   or  physical   characteristics. 

In  order  to  make  a  satisfactory  pipe,  the  treated 
staves  necessarily  should  be  able  to  withstand  as 
great  band  pressure  as  the  untreated  wood  stave.  A 
series  of  tests  conducted  on  treated  and  untreated 
staves  showed  that  the  treated  stave  had  a  slightly 
greater  resistance  to  band  pressure  than  did  the 
untreated  stave — the  test  being  made  on  both  speci- 
mens after  they  had  been  soaked  in  water  for  a 
period  of  30  days.     This  is  a  very  important  point. 


Fig.    1 — 63-in.   Creosoted    Wood    Stave   Pipe    Line   in    Place. 

Figure  1  shows  the  63-in.  creosoted  wood  stave 
pine  in  place.  Fig.  2  is  a  view  showing  one  leg  of  an 
inverted  siphon,  which  is  66  in.  in  diameter.  This 
one  section  is  190  ft.  long  and  rises  to  an  elevation 
of  115  ft.  in  that  distance.  Fig.  3  shows  the  pipe  line 
on  bridge  crossing  the  Wenatchee  River.  Three  large 
gate  valves  are  placed  in  the  pipe  line  on  this  bridge 
by  means  of  which  the  line  is  drained. 

The  staves  used  in  this  pipe  had  a  net  thickness 
of  2  in.  They  were  properly  kiln  dried  and  milled 
before  receiving  the  creosote  treatment,  which  con- 
sisted of  approximately  8  lb.  of  creosote  oil  to  the 
cubic  foot  of  timber,  or  -■>  lb.  to  the  board  foot.  This 
quantity  of  oil,  it  is  stated,  has  been  found  quite 
sufficient  for  the  proper  treatment  of  this  class  of 
material.     It  is  very  necessary,  however,  in  carrying 


Fig.   2— Inverted   Sipiion    190  ft.    Long    Rising    115   ft. 

for  in  assembling  this  large  pipe  in  the  field,  the 
question  at  once  arises  as  to  how  tight  the  bands 
should  be  cinched  in  order  to  allow  for  subsequent 
expansion  due  to  the  absorption  of  moisture  by  the 
staves.  It  was  found  that  the  staves  when  properly 
treated  did  not  swell  nearly  as  much  as  the  untreated 
stave,  but  did  swell  sufficiently  to  make  a  tight  pipe. 
Up  to  the  present  time,  specifications  for  Douglas 
Fir  pipe  staves  have  specified  heartwood,  per- 
mitting sap  on  the  inside  of  the  stave  and  allowing 
no  great  depth  of  the  same — usually  not  to  exceed  ^2 
of  the  thickness  of  the  stave.  In  examining  the  treat- 
ed staves  it  was  found  that  sapwood  portion  was 
thoroughly  impregnated  with  creosote  oil  and  conse- 
quently a  sapwood  pipe  stave,  when  treated,  should 
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be  as  satisfactory  as  heartwood,  from  the  standpoint 
of  decay.  The  question  of  whether  or  not  the  sap- 
wood  staves  would  stand  the  band  pressure  was  im- 
mediately brought  up.  The  test  referred  to  above, 
covered  both  heartwood  and  sapwood  staves  and  the 


Fig.   3 — Pipe    Line   Crossing   Wenatchee   River;   Gate   Valve    Open 
to   Drain    Line. 

results   indicate  that  the  treated   sapwood  stave   re- 
sisted the  band  pressure  very  satisfactorily. 

The  creosoted  staves  were  supplied  by  the  Pacific 
Creosoting  Co.,  Seattle,  Wash. 


Metering  Accessories  of  Manitoba 
Hydrometric  Survey 

In  connection  with  its  investigations  in  the  Prov- 
ince of  Manitoba,  the  Manitoba  Hydrometric  Survey 
has  developed  several  devices  for  use  in  gathering 
stream  flow  data.  These  accessories  are  described  in 
a  recently  issued  progress  report  of  the  Survey,  from 
which  the  following  notes  are  taken: 

Cable  for  Suspending  Meter. — A  number  of  the 
metering  stations  operated  are  on  large  streams 
where  depths  up  to  75  ft.  are  encountered.  Piano 
wire  has  been  used  for  suspending  the  meter,  a  small 
insulated  wire  forming  the  second  side  of  the  circuit. 
Lately  a  special  steel  cable  of  small  diameter  with  an 
insulated  copper  core  has  been  experimented  with  and 


Method  of  Forcing  Pipe  Through 
Embankment 

In  connection  with  the  construction  last  year  of  a 
sewerage  system  for  the  town  of  Wellesley,  Mass.,  it 
was  necessary  to  lay  a  12-in.  sewer  under  the  Cochi- 
tuate  Aqueduct  of  the  Metropolitan  Water  and  Sew- 
erage Board.  The  aqueduct  at  this  place  is  built  in 
quite  a  high  embankment  and  to  guard  against  possi- 
ble injury  to  the  aqueduct  from  settlement,  the  con- 
tractor who  was  laying  the  sewer  for  the  town  was 
not  allowed  to  carry  the  trench  excavation  into  the 
slopes  of  the  embankment  beyond  the  point  where 
the  material  supporting  the  aqueduct  would  stand 
at  the  angle  of  repose,  and  he  was  required  to  se- 
curely sheet  and  brace  the  excavation.  A  pipe  24 
in.  in  diameter  and  20  ft.  in  length,  made  of  steel 
plates  ^s  in.  in  thickness,  was  then  forced  under  the 
aqueduct  by  using  a  .35-ton  hydraulic  jack  and  ex- 
cavating the  material  from  the  end  of  the  pipe  as  it 
was  pushed  ahead.  To  keep  the  pipe  on  line  and 
grade  the  portion  projecting  beyond  the  embankment 
was  securely  held  in  a  timber  cradle  constructed  for 
the  purpose.  The  time  required  to  force  the  pipe 
under  the  aqueduct  was  six  days,  the  daily  progress 
varying  from  1^2  ft.  to  4^2  ft.  The  material  exca- 
vated was  fine  sand  for  the  lower  two-thirds,  with 
gravel  filling  for  the  upper  one-third.  After  the  24- 
in.  pipe  was  forced  through  a  12-in.  cast-iron  sewer 
pipe  was  laid  inside  of  it  and  the  space  between  the 
pipes  was  filled  solid  with  cement  grout  under  pres- 
sure. 


Drum. 

Suspension    cable. 
Handle  of  drum. 
Automatic  depth   register. 
Battery. 

Telephone  sounder. 
Connection  plug. 

Metering   Board  for  Boat  Station. 

has  given  good  results,  the  advantage  over  piano  wire 
being  less  liability  to  break  through  kinking  and  the 
elimination  of  the  second  wire.  Where  either  method 
of  suspension  is  adopted,  a  reel  is  necessary,  so  that 
all  the  stations  where  considerable  depths  are  en- 
countered are  equipped  with  reels,  a  special  equip- 
ment being  used  for  metering  at  boat  stations. 

Counting  Device  for  Use  with  Reels. — A  counting 
device  for  use  with  the  reels  is  now  in  use.  The 
counting  part  of  the  device  is  similar  to  that  used  in 
gas  meters.  It  is  connected  to  the  spindle  of  the  reel 
by  a  train  of  gears,  the  counter  and  gears  being  en- 


Detalls   of   C 


Cjii/e  Carrier  Insfallai-ion 
ible   Carrier   Station. 


closed  in  a  metal  case.  Through  the  connection,  each 
revolution  or  part  of  a  revolution  of  the  reel  or  drum 
is  recorded  on  the  dial  of  the  counter.  By  turning 
in  one  direction  the  revolutions  are  added  and  by  re- 
versing the  direction  they  are  subtracted.  The 
counter  may  readily  be  thrown  out  of  gear  and  the 
dial  reading  brought  to  zero.  By  using  a  reel  exactly 
1  ft.  in  circumference  and  setting  the  dial  to  read 
zero  when,  the  meter  is  at  the  surface  of  the  water 
any  position  with  reference  to  the  surface  of  the 
water  is  automatically  registered  on  the  dial.     The 
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counting  device  may  be  detached  from  the  reel  by 
loosening  three  thumb  screws;  they  are  interchange- 
able so  that  one  may  be  carried  by  each  field  engineer 
and  used  with  any  reel. 

Metering  Board. — The  Nelson  and  the  Saskatche- 
wan are  two  of  the  largest  rivers  metered;  on  each 
of  these  there  are  boat  stations.  The  velocities  being 
high,  it  has  been  found  that  a  canoe  does  not  afford 
a  steady  enough  working  platform.  The  method  now 
employed  is  to  secure  two  canoes  together  parallel  to 
one  another  by  means  of  three  pieces  of  oak  laid 
across  the  gunwhales  and  bolted  to  the  thwarts  at 
each  end,  thus  forming  a  kind  of  catamaran;  a  bridle 
is  then  fastened  to  the  bows  of  the  canoes  and  a  line 
led  from  the  center  of  this  bridle  to  the  tag  line 
stretched  across  the  river.  The  meter  may  be  sus- 
pended between  the  canoes  or  over  either  side  by 
means  of  the  metering  board  used  on  boat  sections. 
The  board  has  been  modified  to  permit  of  its  use  with 
the  counting  device,  described  in  the  previous  para- 
graph. This  modified  form  of  the  metering  board  is 
illustrated. 

In  making  soundings  at  stations  where  consider- 
able depths  are  encountered,  much  difliculty  is  always 
experienced  in  determining  within  close  limits  when 
the  bottom  is  reached  by  the  sounding  weights.  An 
attachment  has  been  devised  for  use  with  the  meter 
bar  in  sounding,  the  meter  being  removed  in  such 
case.  By  means  of  the  device  an  electrical  contact  is 
made  when  the  weight  reaches  the  bottom,  the  con- 
tact being  announced  in  the  ear  piece  the  same  as 
when  metering.  The  installation  is  shown  in  the 
illustration  of  the  metering  board.  Good  results 
have  been  obtained  with  this  device,  especially  when 
used  in  sounding  the  larger  streams,  and  also  at  the 
cable  carrier  stations  where  the  sag  in  the  cable  span 
formerly  influenced   the   results. 

Cable  Carrier  Stations. — The  accompanying  draw- 
ing shows  some  details  of  the  new  cable  carrier  sta- 
tions installed  by  the  Survey. 


Standardized  Top  for  Meter  Housings 

A  cover  and  locking  device  for  a  meter  box  or 
housing,  embodying  a  number  of  practical  features, 
has  been  placed  in  production  by  the  Modern  Iron 
Works,  Quincy,  111.  The  top  has  a  rectangular  throat. 
It  is  equipped  with  an  automatic  quick  opening  lock. 
The  top  part  of  the  locking  device  is  galvanized 
malleable  iron  and  the  bottom  part  which  comes  in 


Modern    Top   for   Meter    Housings. 

contact  with  the  iron  casing  is  bronze.  To  unlock 
the  key  is  given  a  one-half  turn  and  the  cover  raises 
about  Vii  in.,  and  stays  open  until  relocked.  With  a 
view  to  increasing  the  efficiency  of  meter  installations 
as  well  as  to  reduce  the  manufacturing  costs  the 
Modern  Iron  Works  has  stanardized  upon  one  size 
of  cover,  made  to  fit  a  tile  measuring  18  in.  in  inside 
diameter. 


Educating  the  Public  on  Reducing  Water 
Waste 

The  Water  Department  of  Waltham,  Mass.,  employs 
the  cards  illustrated  below  as  a  means  for  educating 
the  water  users  in  reducing  waste.  The  card  is  sent 
to  consumers  when  their  meter  readings  show  exces- 
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^SKTHEIlVATER  OCmfTTMCHr  roR  ADVICE 
Postal    Card    Used    by   Waltham,    Mass.,    Water    Departn 

sive  consumption.     The  front  half  of  the  card  bears 
the  following  notice: 

WALTHAM   M'ATER    DEPARTMENT. 

.191. 


-Vt     St.,    the    meter    shows    an    excessive 

consumption  of  water.  As  we  are  compelled  to  charge  for  all 
water  registered  by  the  meter,  this  ought  to  have  your  imme- 
diate attention.  This  notice  is  not  obligatory  on  our  part,  but 
indicates  a  desire  to  co-operate  with  you  in  stopping  an  ap- 
parently   needless    expense. 

Supt. 

Bertram  Brewer  is  Superintencent  of  Water  Works 
of  Waltham. 


Contractors  for  16  National  Cantonments 

Contracts  for  the  16  cantonments  to  be  erected  for 
the  new  National  army  have  now  been  awarded.  This 
work,  involving  an  expenditure  of  nearly  $100,000,000, 
provides  for  the  construction  of  16  cities  each  having 
housing  and  sanitary  facilities  for  approximately 
40,000  men.  The  location  of  the  contonments  and 
names  of  the  contractor  follow: 

Location  of  Cantonment  and  Ccntraclor. 
Little  Rock.  Ark. — James  Stewart  &  Co.,  New  York. 
Atlanta.   Ga. — Arthur   Tufts,   Atlanta. 

Rockford.  III. — Bates  &  Rogers,  Construction  Co.,   Chicago. 
Des  Moines,   la. — Charles  Weitz  &   Sons,   Des  Moines. 
Fort  Riley,   Kan.— Geo.  A.   Fuller,   New  York. 
Louisville,  Ky. — Mason  &  Hanger,  Lexington,  Ky. 
Annapolis  Junction,   Md. — Smith,  Hauser  &  Maclsaac,  New  York. 
Ayer,  Mass. — Fred   T.   Ley   &   Co.,   Springfield,   Mass. 
Battle  Creek,  Mich. — Porter  Bros.,  Portland,  Ore. 
Wrightstown,    N.   J, — Irwin   &   Leighton,    Philadelphia. 
Y'aphank.    N.   Y. — Thompson-Starritt   Co.,   New   York. 
Chillicothe.  O.— A.   Bentley  Sons  Co.,  Toledo,   O. 
Columbia,    S.   C. — Hardaway  Contracting    Co.,   Columbus.  Ga. 
Fort    Sam   Houston,   Tex. — Stone   &   Webster  Eng.    Corp.,    Boston,. 

Mass. 
Petersburg,   Va. — Rinehart  &   Dennis.   Charlottesville,   Va. 
American  Lake,  Wash. — Hurley  &   Mason,   Tacomia,  Wash. 


Personals 
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E.  R.  Gray  has  been  appointed  city  engineer  of  Hamilton^ 
Ont. 

W.  H.  Schwartz  has  been  appointed  city  engineer  of  Van- 
couver. Wash. 

John  P.  Kelly,  formerly  of  Kelly  &  Wheeler,  contractors^ 
Buffalo,  N.  T..  has  org-anized  the  Kelly  Engineering  Corporation^ 
with  headquarters  at  Buffalo. 

William  M.  Kinney,  engineer  of  the  promotion  bureau  and  in- 
specting engineer  of  the  inspection  bureau  of  the  Universal  Port- 
land Cement  Co.,  Chicago,  has  been  elected  to  the  executive 
committee  of  the  American  Society  for  Testing  Materials. 

M.  A.  Berns,  publicity  representative,  Universal  Portland 
Cement  Co..  Chicago,  has  been  commissioned  a  captain  in  the 
Engineers'  Section  of  the  Officers'  Reserve  Corps  and  expects 
soon  to  be  ordered  to  the  second  training  camp.  Mr.  Berns  \s 
a  civil  engineering  .graduate  of  the  University  of  Illinois. 

H.  G.  McCormick,  for  the  past  five  years  in  charge  of  lock 
and  dam  construction  on  the  Kentucky  River  for  the  Federal' 
Government,  has  resigned  as  U.  S.  Assistant  Engineer  and  has 
entered  the  contracting  business  under  the  firm  name  of  Shipp- 
lett-McCormick  Co.,  Inc.  The  firm  will  specialize  in  heavy  con- 
crete  work. 
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When  Will  Railway  Presidents 

Learn  How  to  Handle  a  Rate 

Case 

Again  a  great  railway  rate  case  has  been  lost.  "The 
captains  and  kings  depart,"  but  "the  tumult  and 
shouting"  do  not  "die,"  in  fact  the  noise  has  only 
fairly  begun,  for  it  has  come  to  be  characteristic  of 
railway  officials  to  damn  the  decisions  and  berate  the 
deciders. 

Will  railway  presidents  ever  learn?  Will  some  of 
them,  some  day,  go  to  the  presidents  of  electric  and 
telephone  companies  to  inquire  why  it  is  that  they 
win  rate  cases  fully  as  often  as  they  lose  them? 
When  they  do,  there  may  come  a  turn  in  the  tide  of 
railway  prosperity. 

Prof.  Pupin,  of  Columbia,  recently  said  in  a  speech 
that  he  believed  the  two  most  efficient  organizations 
on  earth  are  the  British  navy  and  the  American  Tele- 
phone and  Telegraph  Co. — the  parent  of  the  Bell  tele- 
phone system.  Has  anyone  ever  heard  of  President 
Vail  of  the  A.  T.  &  T.  utter  such  sentiments  as  those 
that  have  characterized  President  Loree  of  the  D.  & 
H.  R.  R.  Co.?  Why  not?  Ts  it  because  the  telephone 
companies  usually  win  their  cases  and  are  prosper- 
ous, whereas  the  railway  companies  almost  invariably 
lose  and  are  not  so  prosperous?  Read  the  following 
letter  to  the  Philadelphia  Public  Ledger: 

To  the  Editor  of  Public  Ledger; 

One-third  of  the  productive  investment  capital  of  the  country 
is  invested  in  steam  transportation,  traction  lines,  express  com- 
panies, electric  light  and  power,  gas  and  water  companies  and 
other  utilities  subject  to  public  service  commissions.  Federal  and 
State.  These  commissions  all  have  repressive  but  not  regulatory 
powers.  In  a  condition  of  unexampled  prosperity  these  utility 
corporations   are    poverty   stricken. 

This  condition  constitutes  an  indictment  against  the  commis- 
sion form  of  government  that  it  seems  to  me  will  take  a  lot  of 
explaining  by   the  commissions. 

Does  not  the  lack  of  visit  n  indicated  by  the  Interstate  Com- 
merce Commission  in  this  rate  case  point  to  underlying  defects 
of  commission  government?  L.  F.  LOREE, 

President  Delaware   &   Hudson   Railroad  Company. 

New  York,  July  2. 

Mr.  Loree  calls  the  public  service  commissions 
"repressive  but  not  regulatory."  He  might  profit  by 
studying  Theodore  Vail's  annual  reports  in  which  he 
regards  the  regulatory  powers  of  commission  as  salu- 
tory  and  necessary.  And  if  Mr.  Loree  would  look 
carefully  through  one  of  the  recent  reports  on  the 
Bell  telephone  system,  he  would  perhaps  be  struck 
by  two  facts:  First,  that  appraisals  of  all  Bell  tele- 
phone property  have  been  made  and  that  they  show 
an  appraised  value  of  physical  property  in  excess  of 
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the  stock  and  bonds.  Second,  that  a  large  deprecia- 
tion reserve  has  been  built  up  out  of  earnings. 

When  a  Bell  telephone  company  "goes  to  the  mat" 
in  a  rate  case,  it  does  so  in  quite  a  different  fashion 
from  that  hitherto  seen  in  every  great  railway  rate 
case.  First,  it  proves  the  cost  of  reproducing  its 
property.  Ne,xt  it  shows  that  past  experience,  based 
on  actual  records  and  not  on  mere  opinions,  dem- 
onstrates the  necessity  of  providing  a  depreciation 
annuity  of  about  6  per  cent  on  the  plant  cost,  in  addi- 
tion to  more  than  4  per  cent  for  "current  mainte- 
nance." Contrast  this  procedure  with  that  in  every 
great  railway  rate  case.  Appraisals  by  disinterested 
engineers  are  never  presented  by  the  railways.  If 
any  appraisals  are  presented,  they  are  by  engineers 
regularly  in  the  employ  of  the  railways;  but  usually 
there  is  no  appraisal  presented.  As  typified  in  the 
recent  case,  the  comjnission  is  deluged  with  a  testi- 
monial lava  of  mingled  fact  and  fancy.  Figures  there 
are  till  you  can't  see  through  them,  but  not  a  single 
set  of  figures  to  establish  the  basic  fact,  the  fact  that 
every  rate  commission  seeks  first,  namely,  the  actual 
investment  in  the  physical  property,  or,  in  lack  of 
that,  its  cost  of  reproduction. 

Samuel  Rhea,  president  of  the  Pennsylvania  Rail- 
road, also  has  just  written  to  a  daily  paper,  and  he 
says: 

I  would  like  to  ask  if  there  is  any  more  important  interest 
in  the  great  State  of  Pennsylvania  than  its  railroads,  and  if  you 
think  any  other  interest  could  live  under  the  present  intolerable 
and  agglomerated  regulation  and  price  fixing  to  which  it  must 
submit?  All  suggestions  of  taking  over  coal  mines,  shipyards, 
etc.,  by  the  Government  or  the  output  of  same,  on  any  per- 
centage contract,  seem  to  agree  in  allowing  the  owners  at  least 
6  per  cent  on  the  cash  invested  in  the  property,  the  cost  of 
depreciation,  depletion  in  case  of  mines,  etc.,  and  a  profit.  And 
yet  the  commission  seems  to  regard  as  sufficient  its  estimate, 
for  the  year  ending  June  30,  1917,  of  a  return  of  4.S9  per  cent 
on  road  and  equipment  provided  for  public  use  by  the  eastern 
railroads,  cut  of  which  they  must  pay  their  interest  on  borrowed 
money,  dividends  on  money  invested  by  holders  of  stock,  provide 
a  margin   for  lean   years   and   buttress  their   credit. 

And  other  railway  presidents  are  appealing  to  the 
public  on  the  same  ground,  namely,  that  the  Inter- 
state Commerce  Commission  has  "conceded"  that  the 
railways  are  earning  less  than  5  per  cent  on  their 
"investment."  Yet,  as  a  matter  of  fact,  the  commis- 
sion used  quite  another  term  than  "investment,"  and 
it  means  quite  a  different  thing.  The  term  the  com- 
mission used  in  its  recent  decision  is  "book  value." 
The  book  or  ledger  value  of  railway  property  is  us- 
ually not  the  investment  cost.  Commissions  regard 
"book  values"  with  great  suspicion,  particularly  when 
not  given  in  such  detail  that  each  item  in  the  books 
can  be  at  least  roughly  checked  against  an  existing 
nhysical  thing.     In  short,  a  commission  believes  that 
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"book  values"  usually  contain  "intangible  values" 
which  may  or  may  not  be  justified,  and  they  properly 
put  the  burden  of  proof  on  the  company.  Railway 
companies  have  notoriously  avoided  proving  either 
the  actual  cost  of  their  plant  or  its  cost  of  reproduc- 
tion; and  in  this  last  rate  case  they  made  no  pretence 
of  proving  either.  Instead,  they  dwelt  mainly  on  the 
rising  costs  of  operating  their  roads,  and  so  laid 
themselves  wide  open  to  the  very  "comeback"  that 
the  commission  used  in  its  decision  when  it  pointed 
out  that  the  rising  income  nearly  offsets  the  rising 
expenses. 

Had  the  railways  followed  closely  the  methods  of 
the  most  successful  telephone  and  electric  companies 
in  presenting  their  cases,  there  would  have  been  a 
different  result.  Instead  of  dwaddling  along  with  the 
appraisals  of  their  properties,  the  railways  would 
have  rushed  through  an  appraisal,  which  could  have 
been  finished  long  ago.  A  good  appraisal  can  be 
made  in  18  months  for  the  biggest  utility  or  railway 
plan  that  exists.  For  example,  with  a  staff  of  about 
600  men,  an  appraisal  of  more  than  $200,000,000  of 
telephone  plant  was  made  in  a  little  more  than  a  year. 
Also  an  appraisal  of  an  even  greater  amount  of  rail- 
way property  was  made  in  a  year.  The  writer  is  now 
speaking  from  his  own  experience.  But,  on  the  other 
hand,  by  employing  a  relatively  small  staff  and  by 
infinite  hairsplitting,  it  is  possible  to  prolong  an  ap- 
praisal job  for  five  or  ten  years,  which  is  substantially 
what  the  railways  are  now  doing. 

We  suggest  that  some  of  the  railway  presidents 
who  are  talking  the  loudest  would  find  it  more  ad- 
vantageous to  study  what  other  utility  companies 
have  done  to  expedite  inventorying  and  valuing  their 
plants.  Likewise  they  may  profit  from  a  careful  study 
of  the  depreciation  annuities  that  many  public  utility 
companies,  other  than  railways,  set  aside. 

It  was  only  a  few  years  ago  that  a  test  case  had  to 
be  fought  to  compel  a  railway  company  to  abide  by  a 
ruling  of  the  I.  C.  C.  as  to  depreciation  reserves  for 
rolling  stock.  Instead  of  seizing  that  first  life  pre- 
server that  the  commission  threw  to  them,  the  rail- 
ways contemptuously  kicked  it  away,  and  have  kept 
on  kicking  it  away.  Those  who  are  now  so  loudly  de- 
nouncing the  commission  had  better  not  be  so  sure 
that  they  are  the  injured  innocents. 

It  is  the  writer's  belief  that  half  of  the  15  per  cent 
advance  in  freight  rates  that  was  sought  could  have 
been  justified  as  necessary  to  provide  an  adequate  de- 
preciation fund.  But  the  mere  opinion  of  the  oldest 
of  railway  men  will  not  suffice  to  establish  such  a 
fact.  There  is  needed  a  sort  of  engineering  analysis 
of  this  problem  that  has  never  yet  been  presented  to 
any  commission  in  a  railway  case,  although  the  same 
sort  of  analysis  has  frequently  appeared  in  telephone 
and  electric  cases. 

Rate  cases  are  not  to  be  won  by  the  testimony  of 
presidents  of  railway  companies,  nor  by  the  skilled 
arguments  of  attorneys,  but  by  cost  analyses  made 
by  unbiased  engineers  who,  having  mastered  both  the 
accounting  and  the  engineering  details,  present  in- 
controvertible evidence  from  the  records  of  the  rail- 
ways themselves. 

When  will  some  railway  president  depart  from 
precedent  and  go  to  the  presidents  of  a  few  success- 
ful telephone  and  electric  companies  for  counsel? 
Judging  from  the  uniformity  with  which  railway  rate 
cases  are  botched,  it  would  seem  that  advice  is  sorely 
needed  from  some  external  source.  Doubtless,  how- 
ever, the  official  "inbreeding"  of  which  railway  presi- 
dents  have    so   long   boasted   will    continue   to   make 


them  believe  that  no  one  can  ever  enlighten  a  rail- 
way man  in  the  management  of  railway  affairs.  And 
doubtless  each  successive  defeat  in  a  rate  battle  will 
not  prompt  any  introspection,  but  will  merely 
strengthen  the  conviction  of  railway  officials  that 
every  railroad  commission  either  "lacks  vision"  or  is 
"playing  politics." 


Wasted  Waterpower  and  Why 

Seci-etary  Lane  recently  stated  that  there  are  35,- 
000,000  horsepower  of  undeveloped  water  power  in 
America.  Hence  one-third  of  a  horsepower  per  cap- 
ita is  being  wasted.  Why?  Is  it  because  it  is  cheaper 
to  develop  power  by  steam?  The  writer  has  appraised 
more  than  a  score  of  hydro-electric  properties,  and, 
with  only  one  exception,  the  hydro-electric  plants  were 
more  economic  than  steam,  even  when  fuel  was  much 
less  expensive  than  it  now  is.  There  are  unquestion- 
ably hundi-eds  of  large  water  powers  that  can  be 
economically  developed,  but  capitalists  hesitate  to  put 
their  money  into  them.    Why? 

About  15  years  ago  a  small  group  of  self-styled 
patriots — Pinchot,  La  Follette,  and  others — set  up  the 
cry  that  capitalists  were  seizing  all  available  water 
power  sites,  and  that  if  the  government  did  not  put  a 
stop  to  this  exploitation  the  public  would  be  com- 
pelled to  pay  tribute  forever.  As  a  result,  the  federal 
government,  acting  through  its  forestry  bureau,  began 
to  withhold  permits  for  water  power  developments, 
except  under  conditions  that  business  men  hesitated 
to  accept.  Then  came  the  decisions  of  several  state 
public  service  commissions  in  which  only  8  per  cent 
"fair  return"  was  allowed  on  the  actual  investment 
in  hydro-electric  plans.  The  courts  have  frequently 
ruled  that  water  rights  have  a  value  in  addition  to 
the  value  of  the  water  power  plants,  but  the  public 
service  commissions  have  managed,  one  way  or  an- 
other, to  give  little  or  no  recognition  to  any  such 
value  in  excess  of  the  actual  cost  of  acquiring  the 
water  rights. 

As  a  result  of  the  acts  of  the  federal  government 
and  the  decisions  of  state  public  service  commissions, 
there  is  a  condition  that  investors  in  water  power 
properties  regard  as  unattractive.  They  feel  that  if 
a  water  power  project  becomes  a  financial  success, 
they  will  be  limited  to  8  per  cent  on  the  investment, 
whereas  if  it  turns  out  to  be  an  economic  failure  they 
themselves  will  have  to  stand  the  entire  loss. 

The  risks  incident  to  the  development  of  a  hydro- 
electric property  are  evidently  regarded  by  public 
service  commissions  as  being  much  smaller  than  in- 
vestors believe  them  to  be.  Perhaps  the  commissions 
are  right,  but  we  do  not  recall  ever  reading  a  com- 
mission decision  that  indicated  that  a  painstakingly 
thorough  study  had  been  made  of  this  element  of 
risk  in  relation  to  water  power  development.  Even 
granting  that  the  commissions  are  right,  they  seem  to 
forget  that  the  investor,  if  unconvinced,  is  like  the 
horse  led  to  the  watering  trough  from  which  he 
refuses  to  drink. 

In  a  recent  article  in  the  Electrical  World,  Mr. 
Hugh  L.  Cooper  estimates  that  if  the  wasted  35,000,- 
000  horsepower  of  water  power  were  developed  the 
country  would  be  $1,241,600,000  the  gainer  every  year, 
or  nearly  $36  per  horsepower.  Mr.  Cooper  has  made  a 
serious  error  in  his  assumptions,  for  if  we  capitalize 
the  $36  at  10  per  cent  we  get  $360  as  the  value  of  each 
horse-power  of  water  rights,  which  is  certainly  from 
four  to  ten  times  too  great.  Nevertheless,  it  is  incon- 
testable that  a  vast  sum  is  annually  going  to  waste 
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because  of  injudicious  government  action,  both  state 
and  federal,  the  latter  through  a  restrictive  and  nar- 
row policy  of  so-called  "conservation,"  the  former 
through  failure  to  be  liberal  enough  in  the  rate-mak- 
ing policies. 

There  are  many  well  meaning  political  office  hold- 
ers who,  in  their  zeal  to  save  a  dime  for  their  great 
grandchildren,  deprive  their  children  of  a  dollar.  They 
are  the  kind  of  "economists"  who  throw  the  spotlight 
on  the  debit  .side  of  the  public  ledger,  and  look  on  the 
credit  side  only  by  star-light. 


The  Decision  of  the  I.  C.  C.  in  the 
Freight  Rate  Case 

The  Interstate  Commerce  Commission  has  rendered 
a  decision  in  the  rate  case  in  which  all  the  railways 
had  asked  a  15  per  cent  increase  in  freight  rates.  The 
western  railways  are  denied  any  .increase.  The  south- 
ern roads  are  given  higher  rates  on  coal  and  iron 
ore.  The  eastern  railways  are  granted  increased  class 
rates  only,  which  may  prove  to  be  equivalent  to  an 
iiverage  8  per  cent  increase  in  all  freight  income. 

This  rate  case  was  the  outgrowth  of  the  8-hour  day 
for  train  operators,  which  was  forced  upon  the  rail- 
ways by  Congress  last  fall.  Judging  by  the  editorial 
comment  of  the  great  majority  of  newspapers,  the 
public  favored  granting  an  increase  in  freight  rates 
to  all  railways,  but  Commissioner  Harlan  was  the  only 
one  of  the  six  commissioners  who  favored  giving  the 
railways  substantially  what  they  asked. 

The  other  commissioners  held  that  since  the  net 
earnings  for  1917  seem  likely  to  be  a  larger  percent- 
age on  the  "book  value"  of  the  railway  properties  than 
in  any  recent  year  except  1916,  the  railways  have  lit- 
tle to  complain  about,  even  though  wages  f>nd  prices 
have  risen  considerably;  but  that,  since  the  eastern 
railways  seem  to  have  suffered  most  from  increased 
operating  expenses,  and  may  suffer  still  more,  some 
relief  should  be  given  to  them. 

Commissioner  Harlan,  however,  regards  this  atti- 
tude of  his  associates  as  regrettable.  He  contends 
that  for  many  years  there  has  been  insufficient  capital 
invested  in  railways,  mainly  because  the  investing 
Iiublic  is  dissatisfied  with  the  returns  from  their  rail- 
way investments.  Commissioner  Harlan  has  diag- 
nosed the  case  correctly.  The  real  question  is  not 
whether  the  year  1917  will  show  a  percentage  of  net 
earnings  in  excess,  say,  of  the  average  of  the  five  pre- 
ceding years,  but  whether  the  investing  public  will 
buy  the  new  stocks  of  railways  that  propose  to  en- 
large their  terminals,  double  track  their  lines  and 
build  new  branches.  To  this  feature  of  the  case, 
which  outstrips  every  other  feature  in  importance, 
the  five  other  commissioners  apparently  gave  scant 
consideration. 

The  "book  value"  of  the  railways  is  $74,500  per 
mile,  and  upon  this  value  the  commission  estimates 
that  the  net  earnings  for  the  first  four  months  of  1917 
were  1.939  per  cent,  at  which  rate  the  calendar  year 
cf  1917  will  show  5.817  per  cent.  The  following  are 
the  corresponding  percentages  for  the  nine  preceding 
years : 

im:  s.siT 

191(i  6.400 

Iflin  ■ 5.240 

1914  4.091 

1913  4.683 

1912  5.300 

1911  S.OTO 

1910  5.519 

1909  5..';66 

1908  4.941 

It  will  be  noted  that  the  average  percentage  for  the 
8  years  prior  to  1916  is  less  than  5.1  per  cent  on  the 
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"book  value."  Unfortunately,  the  "book  value,"  or 
"ledger  value,"  does  not  mean  the  actual  investment 
in  the  railway  plant.  What  the  investment  really  is 
no  one  knows.  The  appraisals  now  in  progress  are 
intended  to  throw  light  on  this  matter.  Commission- 
ers are  inclined  to  regard  "book  values"  as  being  con- 
siderably in  excess  of  actual  investments,  whereas 
railway  officials  contend  that  the  reverse  is  true. 
Hence  the  percentages  above  tabulated  mean  nothing 
save  for  purposes  of  comparing  one  year  with  another. 

It  is  generally  conceded  that  for  the  last  10  years 
railway  construction  has  not  kept  pace  with  the 
growth  of  the  country,  and  that  this  is  attributable  to 
the  small  return  on  railway  investments.  Obviously, 
then,  the  present  (1917)  rate  of  return  will  scarcely 
attract  capital,  for  it  is  higher  than  normal  solely 
as  a  result  of  a  war  that  may  end  any  day. 

As  stated  in  another  editorial,  we  believe  the  rail- 
ways botched  their  case,  because  they  based  it  on 
increased  operating  expenses  due  to  the  war  and  to 
the  8-hour  law,  thus  virtually  challenging  the  com- 
mission to  look  at  the  other  side  of  the  ledger  where 
it  was  only  too  evident  that  earnings  had  risen  faster 
than  expenses.  The  real  rate  case  remains  to  be 
fought  out  along  the  lines  indicated  in  the  accom- 
panying editorial. 


The  Increasing  Use  of  Large  Drills 
Mounted  on  a  Wagon  or  Car 

In  the  1916  edition  of  Gillette's  "Handbook  of  Rock 
Excavation,"  comment  is  made  upon  the  growing  ten- 
dency to  use  very  large  drills  where  the  surface  of 
the  rock  is  comparatively  level  and  the  holes  compar- 
atively deep.  A  level  surface  permits  mounting  the 
drilling  outfit  on  wheels,  enabling  the  drill  to  be 
moved  speedily  from  hole  to  hole. 

It  has  not  been  regarded  as  economic  to  use  large 
drills  (with  5-in.  cylinders,  such  as  are  designed  for 
subaqueous  drilling)  in  drilling  shallow  holes  or 
where  the  surface  of  the  rock  is  very  irregular.  But 
the  recent  economic  success  of  such  drills  in  deepen- 
ing the  channel  of  the  Mississippi  at  Le  Clair,  Iowa, 
known  as  the  Le  Clair  Canal,  seems  to  warrant  serious 
consideration  of  large  drills  even  for  shallow  holes 
and  where  the  rock  surface  is  rough.  This  work  in- 
volves making  a  rock  cut  nowhere  more  than  5  ft. 
deep,  in  an  unusually  "spongy"  limestone  full  of  holes 
and  having  an  uneven  surface.  Air  hammer  drills 
(Jackhamers)  were  tried  at  first,  but  crumbling  rock 
clogged  the  bits,  even  when  water  jets  were  used,  to 
such  an  extent  that  they  were  abandoned. 

The  problem  was  solved  by  mounting  two  Ingersoll- 
Rand  slab-back  drills  on  a  flat  car.  The  mounting  is 
somewhat  similar  to  that  on  a  drill  boat.  Each  drill 
is  mounted  in  a  sort  of  pile-driver  frame,  so  that  it 
can  be  raised  and  lowered  with  a  hoisting  engine,  and 
the  frame  can  be  moved  laterally  along  a  runway,  this 
being  30  ft.  long  for  the  two  drills.  The  flat  car  that 
carries  the  drills,  boilers,  etc.,  travels  on  track  sec- 
tions, 10  ft.  long,  like  a  steam  shovel.  Each  drill  has 
averaged  110  ft.  per  8-hour  shift.  A  water  jet  was 
used  to  good  advantage. 

The  solving  of  this  problem  of  drilling  economically 
in  a  very  bad  rock  is  highly  creditable  to  the  engi- 
neers in  charge — Maj.  G.  M.  Hoffman,  Corps  of  Engi- 
neers, U.  S.  A.,  J.  B.  Bassett  and  H.  E.  Reeves,  assist- 
ant engineers.  The  question  that  we  now  raise  is 
whether  a  drill-car  outfit  of  this  kind  is  not  adapted 
for  shallow  drilling  even  where  the  rock  is  sound.  If 
110  ft.  per  drill  can  be  daily  averaged  under  bad  con- 
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ditions,  it  is  evident  that  considerably  more  can  be 
averaged  under  ordinary  conditions.  Probably  in 
solid  rock  and  for  shallow  holes  a  smaller  size  of  drill 
would  serve,  and  in  that  case,  it  might  be  feasible  to 
use  runways  longer  than  30  ft.,  and  perhaps  provide 
a  runway  at  each  end  of  the  drill  car  so  that  four  or 
maybe  si.x  drills  could  work  simultaneously. 


Goethals  Adopts  "Cost  Plus"  Con- 
tract for  Ship  Yards 

Gen.  Goethals,  who  is  in  charge  of  the  federal  ship 
building,  has  just  announced  that  contracts  will  be  let 
this  week  for  two  ship  building  plants  to  produce  400 
steel  ships  within  the  next  18  months.  The  ships  will 
average  about  6,250  tons  each.    He  says: 

For  the  building-  of  these  two  yards  and  the  construction  of 
ships  in  Uiem  I  shall  offer  compensation  to  the  agents  who 
undertake  the  work,  a  fee  of  approximately  6  per  cent  of  the 
total  cost  of  the  work,  with  rewards  for  savings  on  cost  and 
for  speed  in  delivery.  Provision  will  be  made  for  decreasing 
the  fee  to  prevent  unnecessary  cost.  The  contracts  will  give 
the  Government  the  benefit  of  Government  fixed  commodity 
prices  and  will  provide  for  cessation  of  work  at  any  time  so 
that  the  appropriation  may  not  be  exceeded.  Options  will  be 
given  to  the  contractors  to  purchase  the  plants  at  arbitrated, 
values  on  the  completion  of  the  work. 

The  design  of  the  ship  is  ready,  the  plans  of  the  yards  are 
ready,  the  disti'ibution  of  the  work  of  furnishing  the  material 
and    of    fabrication    is    arranged. 

To  civil  engineers  and  contractors  generally  there 
is  more  than  ordinary  significance  in  this  decision  to 
adopt  a  cost  plus  a  contingency  fee  contract  for  gov- 
ernment work.  We  have  repeatedly  urged  the  advis- 
ability of  making  the  contractor's  fee  dependent  in 
large  measure  upon  the  economy  with  which  he 
handles  the  work.  We  are  now  glad  to  see  that  this 
form  of  contract  is  to  be  used  on  government  work 
on  a  large  scale. 


The  Nomadic  "Hobo:"  Can  He  Be 
Made  to  "Stay  Put?" 

The  "hobo"  laborer  has  long  been  the  despair  of 
all  those  in  charge  of  construction  work  in  the  west. 
The  "hobo's"  main  object  in  life  is  to  secure  a  suffi- 
cient "stake"  to  enable  him  to  go  on  a  spree  of  about 
a  week's  duration.  If  his  "stake"  will  not  sustain  so 
long  a  stretch  of  elysian  delight,  then  he  contents 
himself  with  a  three-day  "jag"  instead  of  a  seven-day 
"jamboree." 

Usually  this  type  of  laborer  is  quite  intelligent  and 
often  a  very  hard  worker — while  at  work — but  he  will 
not  "stay  put."  His  fancy  paints  a  picture  that  soon 
lures  him  away  from  his  industry,  and  then  he  asks 
for  his  "time."  If  this  is  refused,  he  soon  manages  to 
get  "fired"  for  carelessness  or  inaction,  and  he  goes 
off  happy  in  the  prospect  of  a  change  that  will  speed- 
ily leave  him  with  no  "change."  Such  is  the  kingdom 
of  "hoboism." 

It  has  been  suggested  by  certain  contractors  that  if 
railway  companies  would  exercise  more  vigilance  as 
to  the  passengers  who  use  the  "side-door  pullmans" 
and  the  no-door  brake-beams,  the  life  of  the  "hobo" 
when  on  the  road  could  be  made  so  irksome  that  he 
would  sooner  work  than  travel.  Beside  the  difficulty 
of  teaching  countless  trainmen  not  to  "graft" — for 
even  a  "hobo"  pays  to  jump  a  freight — thei'e  is  the 
much  greater  difficulty  of  changing  the  taste  of  these 
nomads  of  the  tie  and  rail. 

We  are  reasonably  sure  that  a  Victrola  and  a  truck 
load  of  "ukes,"  "rags,"  "Sousas,"  and  "gold  seals" 
■will  not  keep  the  "hobo"  in  camp,  for  we  have  tried 


it,  and  the  canned  music  seemed  rather  to  whet  his 
appetite  for  the  fresh  stuff  downtown.  At  any  rate, 
the  average  stay  of  five  days  in  our  Hotel  de  Beau 
suddenly  dropped  to  three  days  after  we  bought  the 
phonograph  and  turned  it  loose  among  the  guests  of 
our  hotel.  The  boys  expressed  great  satisfaction  over 
the  entertainment  each  evening,  but  came  around  in 
growing  numbers  every  morning  after  breakfast  com- 
plaining of  severe  pains,  shooting  pains  that  shifted 
their  entrenchments  rapidly,  so  rapidly  in  fact  that 
the  "hobo"  whose  "stomach  was  on  the  blink"  at  6:45 
a.  m.  had  acquired  a  "sprained  ankle"  at  7:30  and 
wanted  to  ride  to  town  in  the  engineer's  Ford. 

No,  we  shall  remain  skeptical  as  to  every  proposed 
agency  for  changing  a  "hobo's"  tastes,  save  that  of 
the  stark  recruiting  officer  with  the  scythe  who  enlists 
him  at  last  in  those  horizontal  ranks  whence  none 
desert. 


What  Does  It  Cost  to  Educate  an 
Engineer? 

When  Columbia  University  had  a  four-year  course 
in  mining  engineering,  it  cost  the  university  $2,700  to 
train  each  student,  exclusive  of  interest  on  the  build- 
ings and  plant,  and  exclusive  of  the  student's  board 
and  other  living  expenses  which  probably  averaged 
about  $2,400  for  the  four-year  course.  Now  that  the 
course  is  six  years  long  the  university  expends  about 
$5,400  per  student,  or  double  what  it  did  formerly; 
the  higher  cost  per  student  being  as  much  due  to  the 
falling  off  in  number  of  students  as  to  the  lengthening 
of  the  course. 

It  would  be  very  interesting  to  know  what  are  the 
costs  of  training  engineers  at  college,  inclusive  of  in- 
terest and  depreciation  on  the  educational  plant.  If, 
for  example,  such  a  cost  were  shown  to  be  $5,000,  and 
if  the  student  is  required  to  pay  less  than  $1,000  for 
his  tuition,  each  graduate  owes  a  debt  of  $4,000  to 
society  for  his  engineering  training. 

The  freshman  class  at  Annapolis  will  be  800  this 
fall,  it  is  said,  which  indicates  that  the  free  naval  en- 
gineering training  offered  by  Uncle  Sam  is  becoming 
increasingly  popular.  Perhaps  if  more  young  men 
realized  the  extent  to  which  civil  engineering  students 
are  public  beneficiaries  there  would  be  a  more  general 
eagerness  to  study  engineering.  And,  speaking  of  this, 
what  are  the  engineering  colleges  doing  to  secure  a 
normal  attendance  next  year? 


Noiseless  Blasting 

Although  Maxim  has  not  yet  invented  a  "silencer" 
for  use  by  those  engaged  in  blasting  rock,  it  is  pos- 
sible to  split  rocks  noiselessly.  This  can  be  done  in 
several  ways,  one  of  which  was  described  in  our  issue 
of  June  20,  whereby  an  oil  burning  torch  was  used  to 
crack  Ifoulders.  Another  method  consists  in  drilling 
holes  about  21-2  or  3  ins.  in  diameter,  and  filling  them 
with  small  lumps  of  freshly  slaked  lime.  The  drill 
hole  is  filled  a  foot  at  a  time  and  water  poured  in  to 
fill  the  voids,  then  another  foot  of  lime  and  more 
water,  and  so  on  up  to  within  the  upper  sixth  of  the 
hole.  The  top  part  of  the  hole  is  then  filled  with 
tamping,  well  rammed.  In  less  than  a  quarter  of  an 
hour  the  rock  begins  to  crack. 

The  holes  must  be  speedily  loaded  and  workmen 
must  remain  away  from  them,  for  the  tamping  is 
occasionally  blown  out  with  a  great  deal  of  force. 

Building  and  machinery  foundations  may  be  re- 
moved in  this  manner  without  endangering  nearby 
structures. 
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Construction  Methods  and  Machin- 
ery for  Headwater  Diversion 
System  of  Little  River 
Drainage  District 

By  B.  F.  BURNS 

Offi:e  Engineer  Little  River  Drainage  District. 

The  task  of  moving  8,000,000  cu.  yd.  of  earth  and 
clearing  3,900  acres  of  heavily  timbered  land,  in  ex- 
cavating the  48  miles  of  large  canals  and  borrow  pits 


the  next  consideration.  On  the  main  work  Bucyrus 
drag  line  excavators  are  being  used  exclusively  and 
on  the  Ramsey  Creek  Diversion  Channel  a  Monighan 
drag  line  and  a  small  Lidgerwood  machine  are  being 
used.  In  addition  to  the  main  excavating  machines 
small  Bucyrus  caterpillar  tractors  for  striping  and 
digging  muck  ditches  are  used. 

All  of  the  main  Bucyrus  machines,  with  one  excep- 
tion, are  operated  by  electricity.  A  high  tension  line 
carrying  13,200  volts  is  strung  along  the  channel.  This 
current  is  generated  at  Cape  Girardeau  and  is  stepped 
down  to  440  volts  by  transformers  at  the  machines.  On 


Construction    Views    on     Headwater    Diversion    System    of    Little  River   Drainage   District,   Cape   Girardeau,   IVlo. 

(1)  Clearing  for  Channel  and  Levee;  Stump  Puller  in  Background.  (2)  Showing  Stripping  and  Muck  Ditch  Excavation 
Spoiled  Along  Levee  Toe  Line,  (.i)  Levee  Base  Preparation  and  Muck  Ditch.  (4)  Stump  Fuller  in  Operation.  (5)  Caterpillar  and 
Two  Electrically  Operated  Main  Machines  Close  Together  After  Making  Railroad  Crossing.  (0)  Transformer  Barge,  (i)  fahowing 
Method   of   Excavation   and   With   Second   Machine   Making   Final    Cut. 


and  constructing  43  miles  of  huge  levees  and  preparing 
the  great  floodway  for  the  Headwater  Diversion  Sys- 
tem of  the  Little  River  Drainage  District  of  Cape 
Girardeau,  Mo.,  to  carry  the  headwaters  into  the  Mis- 
sissippi River,  was  the  job  that  confronted  the  con- 
tractors upon  signing  the  contracts  for  that  work. 

The  work  is  divided  into  two  contracts,  Contract 
"A"  including  that  part  from  AUenville  west  and 
Contract  "B"  that  part  east  of  AUenville. 

After  deciding  to  begin  at  the  east  end  of  each  con- 
tract and  work  westward,  the  matter  of  plant   was 


the  work  east  of  AUenville  the  transformers  are  lo- 
cated on  barges  floating  in  the  channel.  This  facili- 
tates their  movement  as  the  work  progresses. 

For  the  main  diversion  channel  and  levee  a  strip 
is  cleared  approximately  400  ft.  wide.  From  this,  all 
brush,  logs  and  debris  have  to  be  removed.  The  stumps 
on  the  berms  must  be  cut  to  24  in.  above  the  ground, 
but  elsewhere  they  can  be  cut  to  such  height  as  will 
enable  them  to  be  removed  with  stump  pullers,  stump 
pullers  and  skidders  being  a  necessary  part  of  the 
contractor's  equipment.     As  the  work  goes  forward 


(5) 


48 


ENGINEERING  AND   CONTRACTING 


Vol.  48,  No.  3. 


the  floodway  strip,  900  ft.  in  width,  is  cleared  and, 
before  the  final  completion  of  the  system,  all  logs, 
brush  and  debris  will  be  removed  from  it  so  as  to 
permit  of  the  free  movement  of  the  flood  water  over  it. 

Following  the  clearing  of  the  channel  and  levee 
base  area  the  stumps  are  broken  witji  dynamite  and 
removed'  and  the  roots  grubbed  out  so  that  the  ma- 
terial will  be  practically  free  from  fibrous  matter  when 
excavated  from  the  channel  and  placed  in  the  levee. 

The  operation  of  stripping  and  digging  muck  ditch 
is  next  in  order.  On  Contract  "B,"  this  is  done  by 
one  of  the  caterpillar  tractors  having  a  boom  length 


Movement  of   Excavating    Machines  in   Constructing    Levees. 


of  70  ft.  and  a  bucket  capacity  of  l^^  yd.  The  ma- 
chine works  over  the  channel  area  for  a  stretch  of  ap- 
proximately 2,000  ft.,  removing  the  surface  material 
for  a  depth  of  6  in.  or  more,  and  depositing  the  same 
on  the  levee  area  at  the  limit  of  its  boom  reach.  It 
then  tracks  back  and  begins  stripping  the  levee  base 
area,  removing  the  surface  material  to  about  the 
same  depth  as  on  the  channel,  and  placing  the  strip- 
ping outside  of  the  levee  base  area  and  also  removing 
that  taken  from  the  channel,  which  it  places  with  the 
levee  stripping.  As  the  machine  moves  over  the  levee 
base  area  it  excavates  the  muck  ditch,  6  ft.  wide  and 
8  ft.  deep,  and  places  that  material  along  the  outer 
toe  line  of  the  levee.  As  the  levee  is  finished,  the 
stripping,  which  is  quite  free  from  roots  and  other 
material  objectionable  for  levee  construction,  will  be 


Riprap  Slope   Paving,  Crooked  Creek  Improvement. 

shaped  into  a  banquette  of  such  height  and  with  such 
crown  as  the  material  will  make. 

An  experiment  in  the  use  of  dynamite  for  the  ex- 
cavation of  muck  ditches  was  made  soon  after  the 
construction  started.  The  muck  ditch  at  that  point 
was  but  3  ft.  by  4  ft.  The  experiment  was  not  suc- 
cessful as  the  ditch  was  unsatisfactory. 

The  character  of  the  soil  under  the  levees  was  de- 
termined by  borings  made  to  a  depth  of  11  ft.,  along 
the  center  line,  at  intervals  of  300  ft.  These  borings 
indicated  that  at  one  point  the  soil  was  such  that  an 
ordinary  muck  ditch  would  not  effectually  cut  oflF 
seepage.  Further  investigation  showed  the  extent  of 
that  condition  to  but  little  more  than  100  ft.,  along 
the  center  line  of  the  levee,  and,  in  lieu  of  a  muck 
ditch,  a  wall  of  Wakefield  sheet  piling  was  driven. 
These  were  driven  to  a  penetration  below  the  sandy 
strata  and  allowed  to  protrude  4  ft.  above  the  surface, 
penetrating  the  levee  to  that  extent. 


Two  machines  are  required  to  excavate  the  main 
diversion  channel. 

On  Contract  "B,"  the  first  machine  is  a  Bucyrus  drag 
line,  having  a  125-ft.  boom  and  a  3ii.-yd.  bucket.  This 
machine  tracks  along  the  channel  near  the  center  line 
and  excavates  approximately  65  per  cent  of  the  ma- 
terial. This  it  places  over  the  levee  area  in  layers 
about  8  ft.  in  depth,  making  two  lifts.  In  depositing 
the  material  for  the  first  lift,  the  movement  is  clock- 
wise and  in  placing  the  second  lift  it  moves  in  the  op- 
posite direction.  The  earth  is  compacted  bv  dropping 
at  least  8  ft. 

The  second  machine,  a  Bucyrus  drag  line,  100  ft. 
boom,  4-yd.  bucket,  tracks  along  the  berm  and  re- 
moves the  remainder  of  the  material  in  the  channel. 
It  likewise  deposits  the  material  in  two  lifts  and  op- 
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Details  of   Bank   and    Levee   Protection    Work. 

erates  in  the  same  manner  as  machine  1.  Usually  ma- 
chines 1  and  2  are  at  least  2,000  ft.  apart.  Machine  2 
carries  the  levee  to  its  shrinkage  grade  and  section. 

The  operations  on  Contract  "A"  are  similar  to  those 
on  Contract  "B,"  with  the  exception  that  the  stripping 
is  removed  and  muck  ditch  excavation  is  made  by  the 
pilot  machine,  which  also  excavates  about  30  per  cent 
of  the  channel.  Two  Bucyrus  drag  lines,  100-ft. 
booms,  3V2-yd.  buckets,  are  in  use  on  this  contract. 

The  material  handles  more  easily  if  there  is  some 
water  in  the  channel,  but,  if  there  is  too  much,  it 
makes  the  material  unstable  for  levee  building  and 
slides  result.  Except  during  periods  of  heavy  rain, 
the  stage  in  the  channel  is  controlled  by  pumping, 
dams  being  left  in  the  channel  at  intervals  and  the 
water  pumped  from  the  sections  where  operations  are 
in  progress. 

The  crew  of  a  drag  line  excavator,  electrically  op- 
erated, consists  of  the  runners,-  who  work  in  8-hour 
fhifts,  a  foreman,  three  laborers,  a  helper  and  a  spot- 
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ter,  who  work  12  hours.     The  machines  operate  dur- 
ing the  entire  24-hour  period. 

The  following  statement  covering  the  operations 
of  the  contractor  for  one  year  is  of  interest: 

Total    yardage,    four    electric    machines 2,682,330   cu   yd. 

Totai  vardage,   three  steam  machines,  including 

stripping  and  muck  ditch   980,750  cu.  yd. 

Current    consumed    during    year 1,952,240   K.  W.  H. 

Coal   consumed   during   year 4,350  tons 

Grubbing  during  year 155  acres 

Dynamite  used  during  year 133.000  lbs. 

Average    number   of  men   employed,    contract    ".\."    102    men. 
Average  number  of  men   employed,  contract   "B,''    187   men. 

The  above  indicates  that  under  similar  operating 
conditions  it  requires  0.756  K.W.H.  per  cubic  yard  to 
move  dirt  and  that  0.9  lb.  of  coal  is  required  for  the 
same  purpose. 

At  all  points  where  the  channel  slope  or  levee  face 
may  be  subject  to  attack  by  current  or  eddies  they 
will  be  protected. 

On  the  Crooked  Creek  Improvement,  just  east  of 
the  east  end  of  the  West  Basin,  channel  paving  is  in 
progress.  Rip-rap  is  being  used,  the  stones  weighing 
between  50  and  150  lb.  each.  The  entire  slope  is 
paved  and  the  paving  extends  into  the  channel  5  ft. 
from  the  toe  of  each  slope.  The  paving  is  done  en- 
tirely by  hand. 

On  the  work  east  of  Allenville  there  are  several 
points  where  paving  is  required  and  there  reinforced 
concrete  is  being  used  for  facing  the  levee  and  for  the 
channel  slope,  above  mean  low  water.  Below  mean 
low  water,  a  wooden  facine  mattress,  weighted  with 
heavy  stone,  will  be  used. 

The  estimated  cost  of  the  entire  Headwater  Di- 
version System  is  $1,345,000,  for  construction  alone. 
The  work  is  under  the  direction  of  Mr.  Wm.  A. 
O'Brien,  chief  engineer,  and  Mr.  Isham  Randolph, 
Chicago,  111.,  is  consulting  engineer. 


Movable  Incline  for  Wagon  Dumping 

The  movable  incline  illustrated  below  has  been  used 
with  good  results  in  depositing  the  surplus  excava- 
tion from  the  Evanston  intercepting  sewer  of  the 
Sanitary  District  of  Chicago.  This  excavation,  amount- 
ing to  over  75,000  cu.  yd.,  is  being  placed  along  the 
lake  front  at  Evanston,  inside  the  proposed  shore  line 
of  a  park.  The  teams  are  driven  up  the  incline,  a 
snatch  team  assisting  up  the  12  per  cent  grade,  and 


Traveling    Incline   for   Depositing   Waste   Earth. 

the  waste  earth  dumped  through  a  trap  door  at  the 
top.  An  inclined  chute  leads  from  this  trap  door  to- 
wards the  lake.  The  material  is  deposited  very  uni- 
formly. The  entire  incline  is  mounted  on  house  roll- 
ers and  is  moved  in  either  direction  by  a  winch  located 
en  the  lower  frame  of  the  incline  and  having  a  ware 
cable  attached  to  a  dead  man. 


Dragline    Solves    Problem  of 

Digging  Gravel  from 

Wet  Pit 

A  useful  application  of  the  dragline  cableway 
method  in  further  developing  a  pit  from  which  all 
the  material  above  the  water-line  had  previously  been 
excavated,  is  found  at  the  sand  and  gravel  washery 
of  the  Dayton  Gravel  &  Sand  Co.  at  Dayton,  0. 

Operation  of  a  steam  shovel  for  two  seasons  had 
practically  exhausted  the  company's  pit  to  the  water- 
line  and  when  work  was  commenced  this  season  the 
company  had  to  choose  between  two  propositions: 
To  lease  surrounding  farm  lands  at  considerable  ex- 
pense and  continue  to  operate  with  a  steam  shovel 
or  to  install  equipment  for  digging  material  from  the 
wet  pit. 

Test  holes  showed  that  gravel  extended  to  a  depth 


Sand   and    Gravel   Washery   of   Dayton   Gravel   &   Sand    Co. 

of  30-ft.  under  water;  in  fact,  approximately  25  per 
cent  more  material  lay  under  water  than  had  been 
above.  It  was  found  that  a  dragline  cableway  ex- 
cavator could  be  installed  to  operate  over  a  span  of 
700  ft.  and  would  dig  and  convey  material  from  any 
part  of  the  pit,  and  this  method  was  chosen. 

The  photograph  shows  the  remodeled  plant  and 
also  shows  the  car  which  was  formerly  hauled  back 
and  forth  by  a  hoist  carrying  the  material  from  the 
steam  shovel  to  the  bucket  elevator  which  fed  the 
washing  screens.  The  dragline  cableway  excavator 
bucket  which  now  does  the  work  of  the  steam  shovel 
and  car  in  one  operation,  is  shown  in  the  view  as  it 
nears  the  hopper  located  on  a  tower  erected  at  one 
side  of  the  washery.  The  bucket,  which  holds  IV2 
yd.  of  material,  dumps  its  load  into  the  hopper  where 
a  "grizzly"  rejects  the  large  boulders  and  the  re- 
mainder of  the  material  is  spouted  to  the  screens. 
The  bucket  digs  its  load  and  makes  the  round  trip  in 
from  one  to  two  minutes. 

The  entire  equipment  of  the  old  plant  as  far  as 
screens,  bins,  etc.,  are  concerned,  remains  unchanged 
in  the  new  plant.  The  only  new  equipment  is  the 
Sauerman  dragline  cableway  excavator,  hopper  tower, 
cableway  mast,  blocks,  guy  cables  and  a  90-hp.  two- 
speed  Thomas  electric  hoist  to  operate  the  excavator. 
The  hoist  is  a  special  type  built  for  dragline  cable- 
way  work.  It  is  equipped  with  band  frictions.  The 
two-speed  feature  gives  a  slow  pull  when  digging 
and  fast  pull  when  the  bucket  is  coming  in  on  the 
cableway. 
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Surety  Bonds  Under  Government 
Contracts 

A  review  of  the  most  important  cases  decided  under 
the  Federal  statute  (passed  Aug.  13,  1894,  and 
amended  Feb.  24,  1905),  for  the  protection  of  persons 
furnishing  materials  and  labor  for  the  construction 
of  public  works  for  the  United  States,  was  given  by 
Mr.  William  B.  King,  of  King  &  King,  Attorneys, 
Washington,  D.  C,  in  a  paper  presented  at  the  last 
annual  meeting  of  the  Association  of  Government 
Contractors.  In  his  paper,  an  abstract  of  which  is 
printed  below,  Mr.  King  cites  some  of  the  decisions 
rendered  by  the  Federal  courts,  and  shows  what  is 
now  the  settled  construction  of  the  act  and  what 
points  yet  remain  undecided. 

The  languagfe  used  in  the  act  describing  the  con- 
tract under  which  the  special  bond  must  be  given  is 
ihat  it  must  be  "with  the  United  States  for  the  con- 
struction of  any  public  building  or  the  prosecution 
and  completion  of  any  public  work  or  for  repairs  on 
any  public  building  or  public  work."  The  same  lan- 
guage was  used  in  the  original  act  of  1894. 

The  Attorney  General  was  asked  in  1900  whether 
the  act  related  to  contracts  for  the  building  of  ves- 
sels and  rendered  -an  opinion  that  it  did  not,  but  10 
years  later  the  Supreme  Court  of  the  United  States 
declared  this  opinion  erroneous  and  held  that  ves- 
sels were  "public  works."     *     * 

The  special  obligation  which  the  statute  requires  to 
be  included  in  the  bond  is  "that  such  contractor,  or 
contractors,    shall    promptly   make   payments    to    all 
persons   supplying  him,   or  them,  with  labor  or  ma- 
terials in  the  prosecution  of  the  work  provided  for 
in  such  contract."    A  question  very  early  arose  under 
the    act   of    1894   whether   this    limited   the   bond   to 
labor  and  materials  furnished  to  the  contractor  di- 
rectly, or  whether  it  applied  where  these  were  fur- 
nished  to    subcontractors    but   entered    into    the   fin- 
ished work.     The  Supreme  Court,  when  this  question 
came  before  it,  ruled  that  where  the  subcontractors 
employed   certain   men   to   do   scraping   and  painting 
and  left  them  unpaid  to  the  extent  of  $141.80,  these 
men  could   recover  under  the  bond.     The   court  ad- 
mitted that,  if  literally  construed,  the  obligation  of 
the   bond   might   be    limited   to    secure   only   persons 
supplying    labor    or    materials    directly   to    the    con- 
tractor, for  which  he  would  be  personally  liable,  but 
they  said  that  they  must  look  at  the  manifest  pur- 
pose  of  the   statute   to   require   that   labor   and  ma- 
terial actually  contributed  to  a  public  building  should 
be  paid  for.     On  examination   of  the  whole  statute, 
they  decided  that  the  intention  of  Congress  was  "to 
protect  those  whose  labor  or  material  has  contributed 
to  the  prosecution  of  the  work"  and  that  the  "source 
of  the  labor  or  material  is  not  indicated  or  circum- 
scribed.    It  is  only  required  to  be  'supplied'  to  the 
contractor  in  the  prosecution   of  the  work  provided 
for." 

The  following  language  of  general  interest  was 
used  by  the  Supreme  Court  in  this  case: 

The  courts  of  this  country  have  generally  given  to  statutes 
Intending  to  secure  to  those  furnishing  labor  and  supplies  for 
the  construction  of  buildings  a  liberal  interpretation,  with  a  viev? 
of  effecting  their  purpose  to  require  payment  to  those  who  have 
contributed  by  their  labor  or  material  to  the  erection  of  build- 
ings to  ba  owned  and  enjoyed  by  those  who  profit  by  the  contri- 
bution of  such  labor  or  materials. 

This  is  the  principle  which  has  governed  the  Su- 
preme Court  in  all  its  decisions  under  this  act. 

As  the  language  of  the  act  of  1905  is  the  same  in 
this  respect  as  that  of  1894,  this  decision  was  treated 


as  binding  when  a  like  case  arose  under  the  latter 
act.  The  contractor  employed  a  subcontractor  to  do 
the  metal  work,  plumbing  and  roofing,  who  purchased 
materials  from  various  manufacturers.  The  contrac- 
tor paid  the  subcontractor  in  full,  but  he  failed  to 
pay  the  material  men,  who  brought  suit  under  the 
statute.  The  Supreme  Court  declared  that  their  rul- 
ing in  the  preceding  case  held  under  the  new  statute 
and  called  attention  to  the  fact  that  they  had  said 
in  that  case  that  the  contractor  could  protect  him- 
self from  liability  by  requiring  a  bond  from  his  sub- 
contractor and  that  the  general  contractor  in  this 
case  reserved  the  right  to  require  a  release  from 
material  claims  before  paying  the  subcontractor. 
The  purpose  of  the  court  was  evidently  to  intimate 
that  the  contractor  had  neglected  his  proper  protec- 
tion in  making  payment  to  the  subcontractor  with- 
out showing  that  he  had  already  paid  the  material- 
men. 

The  Supreme  Court  has  also  declared  that  the 
statute  is  not  limited  to  labor  performed  at  fhe  site  of 
the  work.  In  a  later  case  a  contract  was  for  con- 
structing a  breakwater  off  Point  Judith,  Rhode  Island. 
The  stone  for  this  purpose  was  furnished  from  a 
quarry  about  50  miles  distant.  The  workmen  em- 
ployed at  the  quarry  brought  an  action  upon  the 
bond.  The  Supreme  Court  declared  that  this  was  a 
part  of  the  work  performed  under  the  contract  and 
came  clearly  within  the  class  of  labor  accounts  in- 
tended to  be  secured  by  the  act  of  Congress. 

This  decision  is  of  a  very  sweeping  character  and 
indicates  very  strongly,  as  do  the  other  decisions 
cited,  the  purpose  of  the  Supreme  Court  to  give  this 
act  a  very  liberal  interpretation  to  enforce  its  gen- 
eral purpose. 

Many  other  decisions  have  been  made  showing 
exactly  what  kinds  of  work  are  and  what  are  not 
included  within  the  act. 

It  was  held  by  a  lower  court,  doubtless  correctly, 
that  a  railroad  company  could  not  recover  for  freight 
earned  in  transporting  materials,  although  it  was 
held  also  in  another  case  that  a  person  furnishing 
materials  and  paying  freight  may  add  the  cost  of 
freight  to  the  materials  and  recover  therefor;  and 
by  the  Supreme  Court,  that  claims  for  cartage  and 
towage  were  recoverable.  It  is  not  altogether  easy 
to  discriminate  between  the  claim  of  a  railroad  for 
freight  and  that  of  a  wagoner  for  cartage,  but  the 
Supreme  Court  justified  its  ruling  in  favor  of  the 
latter  on  the  ground  that  it  is  not  customary  for  a 
carter  to  enforce  his  lien  for  his  charges  before  de- 
livery and  that  the  recognition  of  his  rights  under 
the  bond  is  merely  following  the  usual  course  of  busi- 
ness in  treating  those  charges  as  liabilities  under  the 
contract. 

Where  cars  and  equipment  were  rented  for  use  on 
p  contract,  it  was  held  that  the  rental  and  the  return 
freight  upon  the  cars  could  be  recovered  under  the 
bond. 

There  has  been  much  discussion  over  the  question 
of  machinery  furnished  for  use  on  the  work  and  re- 
pairs on  such  machinery.  The  Circuit  Court  of  Ap- 
peals in  Ohio  drew  a  discrimination  between  ma- 
chinery intended  to  be  used  and  consumed  on  the 
work  or  intended  to  be  used  on  the  work  and  trans- 
ferred to  another  job,  if  not  used  up.  The  court  said 
the  former  was  within  the  statute  and  the  latter  out- 
side, but  that  the  inclusion  must  be  determined  by 
the  inherent  character  of  the  material  and 
not  by  the  fact  of  its  being  actually  used  up  on 
unexpectedly  extended  work. 
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This  is  much  the  same  distinction  as  was  drawn 
in  some  earlier  cases.  It  was  held  in  one  of  these 
that  minor  repairs  to  machinery  in  use  under  the 
contract  could  be  so  allowed  and  in  another  that 
nails  used  both  in  the  building  and  in  the  false  work 
appertaining  to  it  could  be  recovered  as  materials 
used  in  the  work. 

Somewhat  akin  to  this  is  the  question  whether 
claims  for  furnishing  coal  used  in  making  power  in 
erecting  the  building  are  within  the  statute.  This 
has  been  decided  in  both  ways.  The  Circuit  Court  of 
Appeals  in  New  York  held  that  recovery  could  be 
had  on  such  claims;  but  the  Court  of  Appeals  in  the 
District  of  Columbia  held  that  coal  was  not  within 
the  statute,  following  an  earlier  decision  made  by 
the  same  court  that  lubricating  oil  used  in  the  op- 
eration of  a  dredge  was  not  within  the  statute.  In 
many  states  it  has  been  held  that  powder  consumed 
in  blasting  is  the  subject  of  mechanics'  lien. 

In  view  of  the  very  liberal  decisions  of  the  Su- 
preme Court  under  this  statute,  it  would  seem  prob- 
able that  coal  and  oil  and  powder  would  all  equally 
be  held  to  be  proper  subjects  of  suit  on  a  bond  under 
this  law. 

Another  interesting  question  is  whether  payment 
can  be  enforced  under  the  bond  for  board  of  work- 
men engaged  on  the  work.  This  has  been  decided 
in  the  negative  in  two  cases.  The  first  of  these  was  a 
claim  of  the  keeper  of  a  workingmen's  boarding 
house  for  whose  benefit  deductions  had  been  made 
of  the  pay  of  the  workmen.  The  second  was  a  case 
where  groceries  were  furnished  to  the  contractor's 
boarding  house.  It  was  held  that  this  claim  was  not 
embraced  within  the  statute,  although  it  appeared 
that  the  conditions  in  the  country  where  the  work 
was  proceeding  made  it  necessary  for  the  contractor 
to  carry  on  such  a  boarding  house. 

A  superintendent  upon  the  work  was  allowed  to 
recover  under  this  statute,  although  it  appeared  that 
as  a  part  of  his  pay  he  was  to  be  given  a  share  of 
the  profits.  In  the  same  case,  it  was  shown  that  the 
superintendent  was  allowed  to  check  against  his 
principal's  funds  and  that  he  paid  other  creditors  but 
did  not  pay  his  own  salary,  allowing  that  to  accumu- 
late. It  was  held  that  he  did  not  lose  his  right 
against  the  surety  by  thus  neglecting  his  own  in- 
terests. 

It  has  been  held  that  bankers  loaning  money  to 
pay  laborers  have  no  right  to  recover  under  this  act. 
In  a  case  before  the  Supreme  Court  certain  persons 
took  over  a  public  contract  under  an  agreement  to 
do  the  work  and  receive  the  balance  of  pay  from  the 
government  plus  the  retained  percentage.  It  was 
held  that  they  had  no  right  to  sue  under  this  statute 
on  the  original  contractor's  bond  to  recover  any  bal- 
ances expended  to  complete  the  contract  in  excess  of 
the  sum  thus  received. 

Another  case  illustrates  the  converse  of  this.  An 
indemnitor  of  the  surety  took  up  the  contract  after 
the  original  contractor  found  himself  unable  to  com- 
plete the  work  and  a  subcontractor  with  the  original 
contractor  continued  to  furnish  lumber  to  the  in- 
demnitor as  successor.  It  was  held  that  he  was  en- 
titled to  claim  under  the  bond  for  the  amounts  fur- 
nished both  to  the  original  contractor  and  the  in- 
demnitor. 

It  was  also  held  that  assignments  of  claims  under 
this  statute  will  give  a  right  to  the  assignee  to  file  a 
suit. 

This  review  of  the  judicial  decisions  affecting  the 
scope  of  this  statute  leaves  a  very  strong  impression 


of  the  great  liberality  of  the  courts,,  and  especially 
of  the  Supreme  Court,  in  sustaining  the  rights  of 
material-men  and  workmen.  Questions  of  doubt  seem 
to  have  been  almost  uniformly  solved  in  their  favor 
and  against  the  contractor  and  surety,  on  the  ground 
that  the  statute  is  remedial  and  that  the  remedy 
must  be  broadly  construed. 

The  statute  contains  a  number  of  provisions  in  re- 
gard to  the  time  when  the  creditor  may  bring  his  ac- 
tion. If  the  United  States  sues,  the  creditor  may 
intervene  and  be  made  a  party  to  this  action,  but  the 
act  makes  no  provision  fixing  the  time  within  which 
he  must  intervene.  If  the  United  States  does  not 
bring  an  action  within  six  months  "from  the  com- 
pletion and  final  settlement  of  said  contract,"  then 
the  sub-contractor  or  other  creditor  may  bring  an  ac- 
tion, but  this  action  "shall  be  commenced  within  one 
year  after  the  performance  and  final  settlement  of 
said  contract."  Where  a  suit  is  brought  by  a  creditor, 
only  one  action  shall  be  brought  and  any  creditor 
may  file  his  claim  on  such  action  and  be  made  a  party 
thereto  "within  one  year  from  the  completion  of  the 
work  under  said  contract,  and  not  later." 

It  will  be  seen  that  a  number  of  interesting  ques- 
tions may  arise.  The  first  of  these  is  whether  the 
United  States  is  limited  to  six  months  for  suit  and 
prohibited  from  suing  later.  That  question  has  been 
answered  in  the  negative  and  it  is  held  that  the 
United  States  can  sue  after  this  time  has  expired. 
It  has  not  been  settled  how  the  United  States  is  to 
proceed  if  a  creditor's  suit  has  been  brought,  whether 
by  an  independent  suit  or  by  intervention.  If  suit  is 
first  brought  by  the  United  States,  there  is  no  limit 
on  the  time  of  intervention  by  a  creditor  in  that  suit, 
but,  irt  case  where  the  suit  of  the  United  States  had 
proceeded  so  far  as  to  be  submitted  to  the  judge  for 
decision,  the  application  to  intervene  was  thrown  out 
on  the  ground  that  it  came  too  late.  Just  where  the 
line  is  to  be  drawn  has  not  been  decided. 

If  the  United  States  brings  no  suit,  what  is  the 
date  from  which  the  periods  of  six  months  and  a  year 
are  to  be  computed?  On  this  point,  there  have  been 
many  decisions.  This  date  is  described  in  one  place 
by  the  words,  "the  completion  and  final  settlement 
of  said  contract";  in  another,  "the  complete  perform- 
ance of  said  contract  and  final  settlement  thereof"; 
and  in  a  third,  "after  the  performance  and  final  set- 
tlement of  said  contract."  Doubtless  these  three 
similar  phrases  should  be  construed  to  mean  the 
same  thing. 

In  a  case  before  the  Supreme  Court,  the  action  was 
brought  by  the  creditors  against  the  surety  company 
in  less  than  six  months  after  the  settlement,  but  after 
the  United  States  had  declared  that  it  would  not 
bring  suit.  After  more  than  a  year  had  elapsed  from 
the  settlement,  an  amended  petition  was  filed  in  the 
cause.  The  Supreme  Court  declared  that  the  right 
of  the  creditor  was  strictly  limited  by  the  terms  of 
the  statute ;  that  he  had  no  right  to  bring  a  suit 
earlier  than  six  months  after  the  settlement:  and 
that  the  amendment  could  not  be  treated  as  an 
original  action.    Accordingly,  the  suit  was  dismissed. 

In  a  later  case  before  the  Supreme  Court  the  build- 
ing was   completed   in   July,    1912,   and   on   Aug.   21, 

1912,  the  Treasury  Department  made  a  statement  of 
the  account  between  the  United  States  and  the  con- 
tractor fixing  the  balance  due  and  this  was  paid  on 
Sept.   11,   1912.     The  suit  was  brought  on  March   6, 

1913,  more  than  six  months  and  less  than  a  year  after 
Aug.  21,  1912,  but  less  than  six  months  after  pay- 
ment, Sept.  11,  1912.     It  was  contended  that  the  suit 
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was  brought  too  soon.  The  Supreme  Court  decided 
that  the  word  "settlement"  referred  to  settlement  of 
the  account  made  in  the  Treasury  Department  and 
<hat  suit  was  rightly  brought. 

It  would  seem  that  this  might  be  a  final  disposition 
of  all  questions  on  this  point,  but  numerous  others 
have  actually  arisen.  In  June,  1916,  only  four 
months  after  this  decision  of  the  Supreme  Court,  the 
Circuit  Court  of  Appeals  in  Philadelphia  had  to  de- 
cide how  to  apply  this  decision.  The  Supervising 
Architect  of  the  Treasury  on  Aug.  2,  1913,  wrote  a 
letter  to  the  Secretary  fixing  the  basis  of  settlement 
for  the  building  at  York,  Pa.  This  was  approved  in 
an  undated  memorandum  signed  not  earlier  than  Aug. 
9.  An  action  was  brought  by  a  creditor  on  the  bond 
on  Feb.  4,  1914,  two  days  more  than  six  months  after 
the  recommendation  of  the  Supervising  Archi- 
tect, but  less  than  six  months  after  the  ac- 
tion of  the  Secretary.  The  Treasury  Department 
itself  decided  that  the  final  settlement  under  the 
contract  was  Aug.  2  and  not  Aug.  9.  The  court  said 
that  it  would  follow  this  decision  and  declared  the 
action  properly  brought.-  It  seems  very  doubtful 
whether  this  is  a  correct  construction  of  the  rule 
laid  down  by  the  Supreme  Conrt,  for  the  action  of 
the  Supervising  Architect  was  merely  a  recommen- 
dation and  the  final  settlement  was  made  by  the  Sec- 
retary. The  decision  of  the  Department,  too,  seems, 
inconsistent  with  Department  circular  No.  45  say- 
ing that  the  date  of  final  settlement  is  the  "date  on 
which  the  Department  approves  the  basis  of  settle- 
ment under  said  contract  recommended  by  the  archi- 
tect." Until  the  Supreme  Court  has  passed  on  this 
question,  it  would  not  be  safe  to  bring  an  action  until 
six  months   after  such   date.  ' 

In  contracts  for  public  buildings,  payments  are 
made,  as  has  been  seen,  upon  settlement  by  the  Sec- 
retary of  the  Treasury,  by  disbursing  officers'  checks. 
In  other  branches  of  the  government,  settlements  are 
otherwise  made  and  the  rule  of  the  statute  must  be 
differently  construed.  Thus  in  the  Reclamation 
Service,  all  payments  under  contracts  are  made  upon 
settlements  by  the  Auditor  of  the  Treasury  for  the 
Interior  Department.  In  a  case  of  this  kind,  it  was 
held  that  the  Auditor's  settlement  determined  the 
date  from  which  the  six  months  should  Re  counted. 
In  a  case  arising  in  the  War  Department,  the  Quar- 
termaster General  stated  the  account  and  allowed  a 
fixed  sum  to  the  contractor.  Slightly  more  than  six 
months  after  this  a  suit  was  filed  upon  the  bond. 
Still  later  the  Comptroller  of  the  Treasury  revised 
the  settlement  as  made  by  the  War  Department  and 
allowed  a  slightly  different  sum.  The  court  held  that 
the  action  was  prematurely  brought  and  that  the  six 
months  dated  from  the  settlement  by  the  Comptroller 
of  the  Treasury. 

In  a  case  arising  in  the  Navy  Department,  a  state- 
ment of  account  was  made.  The  voucher  issued 
thereon  was  returned  to  the  Department  by  the  con- 
tractor in  the  expectation  of  payment,  but  corre- 
t-pondence  in  the  Department  ensued  rasulting  in  a 
restatement  of  the  case  at  a  considerably  later  date 
and  the  allowance  of  a  slightly  smaller  sum,  which 
was  subsequently  paid.  An  action  brought  more  than 
six  months  after  the  first  settlement  of  the  account, 
but  less  than  six  months  after  the  final  statement 
was  held  to  have  been  prematurely  brought  and  was 
dismissed. 

The  rule  of  law  governing  this  subject  is  very 
finely  stated  in  a  recent  case  by  the  United  States 
Circuit  Judge  Lacombe  in  the  following  words: 

The  date  was,  therefore,  fixed  relatively  to  "complete  perform 


ance  of  the  contract  and  final  settlement  thereof."  We  take  it 
that  these  words  refer  to  the  time  when  the  proper  govern- 
ment ofllcer.  who  has  the  final  discretion  in  such  matters,  after 
examination  of  the  facts,  satisfies  himself  that  the  government 
will  accept  the  work,  as  it  is,  without  making  any  claim 
against  the  contractor  for  unfinished  or  imperfect  work,  dam- 
ages for  delay  or  what  not,  and  records  that  decision  in  some 
orderly  way.  Six  months  after  that  date,  material  men  may  be- 
gin  suit. 

This  is  the  principle  recently  approved  by  the  Su- 
preme Court,  but  we  have  seen  that  the  real  difficulty 
is  not  in  the  statement  of  the  principle,  but  in  its 
application  to  the  diflferent  conditions  which  arise  in 
different  branches  of  the  United  States  Government. 

A  very  difficult  clause  is  the  last  proviso  requiring 
personal  notice  to  creditors  of  the  pendency  of  the 
suit  and  notice  of  publication  "for  at  least  three 
consecutive  weeks,  the  last  publication  to  be  at  least 
three  months  before  the  time  limited  therefor." 
I'nere  is  nothing  to  which  the  word  "therefor" 
clearly  relates.  Does  it  mean  before  the  time  limited 
for  a  creditor  to  appear  by  intervention.  In  that 
event,  the  time  within  which  the  original  creditor  can 
file  his  suit  would  be  reduced  by  the  term  of  three 
months  and  three  weeks.  He  could  only  bring  his 
suit  after  six  months,  but  it  must  be  brought  then 
within  a  period  of  three  months,  less  three  weeks,  so 
that  the  advertising  can  all  be  completed  within  one 
year.  This  would  leave  -only  two  months  and  one 
week  for  bringing  suit.  Although  it  seems  absurd 
to  think  that  Congress  meant  any  such  limitation  as 
this,  one  of  the  United  States  Circuit  Courts  of  Ap- 
peals so  held,  although  another  such  court  had  held 
to  the  contrary.  This  decision  was  promptly  cor- 
rected by  the  Supreme  Court  when  the  question  came 
before  it.  The  plaintiff  there  both  gave  personal  no- 
tice and  advertised  for  creditors,  but  the  last  publi- 
cation of  the  advertisement  (Nov.  25,  1908),  v.-as 
seven  days  less  than  three  months  before  the  end  of 
the  year  (Feb.  19,  1909),  after  the  final  completion 
of  the  contract.  The  Supreme  Court  treated  the  ques- 
tion as  one  of  very  serious  difficulty  and  concluded 
that  the  language  of  the  proviso  was  irreconcilable 
with  the  language  of  the  rest  of  the  act.  The  court 
said  that,  where  irreconcilable  provisions  occur,  "we, 
can  only  select  those  which  we  consider  the  fittest  to 
prevail  to  accomplish  the  purposes  of  the  statute." 
The  court  held  that  a  failure  to  observe  the  provisions 
in  regard  to  advertising  was  not  fatal  to  the  right  to 
bring  suit. 

Where  the  action  was  brought  by  the  United  States, 
it  was  twice  held  that  advertising  is  not  required. 

It  is  a  settled  rule  of  law  that  alterations  in  the 
contract  with  the  principal,  even  where  they  are  to 
his  benefit,  releases  the  surety.  The  ground  of  this 
is  that  the  surety  has  undertaken  to  become  responsi- 
ble for  the  execution  of  a  certain  contract  and  no 
other.  If  the  principal  and  the  person  guaranteed 
change  the  contract,  the  surety  has  a  right  to  say 
that  he  never  guaranteed  the  performance  of  the  new 
contract. 

A  case  arose  in  Washington  under  the  District  of 
Columbia  surety  bond  law,  which  is  substantially  the 
same  in  this  respect  as  the  statute  governing  United 
States  contracts  (Act.  of  Feb.  28,  1899,  30  Stat.  906), 
whether  the  responsibility  of  the  surety  company 
under  the  provisions  of  the  bond  protecting  sub-con- 
tractors was  abrogated  by  a  change  in  the  principal 
contract.  A  contract  had  been  made  for  building  a 
.=chool  house  and,  without  the  knowledge  of  the 
surety  company,  the  plans  of  the  school  house  were 
changed  so  as  to  face  it  on  a  different  street,  consid- 
erably  altering  the   amount   of   grading  to   be   done. 


(10) 


July  18,  19i; 


EXGIXEERIXG  AND  CONTRACTING 


53 


The  contractor  failed  to  pay  his  sub-contractors  and 
suit  was  brought  by  them  on  the  bond.  The  Supreme 
Court  said  that  the  general  principle  above  stated 
did  not  apply  under  this  bond;  that  the  sub-contractor 
or  material  man  is  the  person  protected  and  that,  as 
he  was  not  consulted  in  regard  to  the  change,  his 
rights  can  not  be  forfeited  through  the  action  of  the 
other  parties  to  the  bond.  If  was  held  that  the  sub- 
contractors had  a  right  to  sue  on  the  bond,  notwith- 
standing the  change,  saying: 

*  »  Tne  surety  is  charged  with  notice  that  he  is  enlerine; 
into  what  is  in  a  very  proper  sense  a  public  obligation,  and  one 
that  will  be  relied  upon  by  persons  who  can  m  no  manner  con- 
trol the  conduct  of  the  nominal  obligee,  and  with  respect  to  whom 
the  latter  is  a  mere  trustee,  and  therefore  incapable,  upon  gen- 
eral principles  of  equity,  of  bartering  away,  tor  its  own  benefit 
or  convenience,  the  rights  of  the  beneficiaries. 

•  •  If  the  change  were  so  great  as  to  amount  to  an  abandon- 
ment of  the  contract  and  the  substitution  of  a  substantially  dif- 
ferent one,  so  that  persons  supplying  labor  and  materials  would 
necessarily  be  charged  with  notice  of  such  abandonment,  a  dif- 
ferent  question   would  be  presented. 

This  is  a  caution  which  may  become  important  in 
the  future. 

It  is  an  ordinary  rule  of  the  law  of  suretyship  that  _ 
p.  surety  is  released  from  obligation  in  case  the  time 
fixed  for  performance  of  the  contract  by  the  princi- 
pal is  extended  without  the  surety's  consent,  for  the 
same  reason  as  above  stated — that  the  surety  has 
agreed  to  guarantee  one  contract  and  can  not  be 
called  upon  to  guarantee  another. 

The  Supreme  Court,  in  considering  the  rights  of 
creditors  under  the  act  of  1894,  ruled  with  great  lib- 
erality on  another  point  relating  to  this  principle. 
The  materialman  here  granted  an  extension  to  the 
contractor  and  took  notes  for  .30  to  60  days  in  pay- 
ment for  brick  furnished.  The  court  held  that  the 
above  rule  did  not  apply,  but  that,  in  the  absence  of 
any  pi'ejudice  shown  to  the  surety  by  the  extension 
of  the  time,  he  was  still  bound  to  the  payment  of 
the  debt  to  the  materialman.  The  decision  was  put 
upon  the  following  ground: 

•  •  The  guarantor  is  ignorant  of  the  parties  with  whom  his 
principal  may  contract,  the  amount,  the  nature,  and  the  value 
of  the  materials  required,  as  well  as  the  time  when  payment  for 
them  will  become  due.  These  particulars  it  would  probably  be 
impossible  even  for  the  principal  to  furnish,  and  it  is  to  be  as- 
sumed that  the  surety  contracts  with  knowledge  of  this  fact. 
Not  knowing  when  or  by  whom  these  materials  will  be  supplied, 
or  when  the  bills  for  them  will  mature,  it  can  make  no  difference 
to  him  \yhether  they  were  originally  purchased  on  a  credit  of 
sixty  days,  or  whether,  after  the  materials  are  furnished,  the 
time  for  payment  is  extended  sixty  days,  and  a  note  given  for 
the  amount  maturing  at  that  time.  It  a  person  deliberately  con- 
tracts for  an  uncertain  liability  he  ought  not  to  complain  when 
that  uncertainty  becomes  certain. 

Although  the  decision  of  the  Supreme  Court  above 
cited  holds  that  a  reasonable  extension  of  the  time 
of  payment  given  by  a  sub-contractor  to  a  contractor 
did  not  deprive  the  sub-contractor  of  the  right  to  re- 
cover on  the  bond,  yet  the  need  of  a  limitation  on 
that  doctrine  is  shown  in  a  case  decided  as  late  as 
June,  1916,  by  the  Circuit  Court  of  Appeals  in  Phil- 
adelphia. The  contract  with  the  United  States  pro- 
vided for  monthly  estimates  in  proportion  to  the 
work  done  and  the  sub-contract  with  a  marble  com- 
pany provided  for  payments  from  the  contractor  in 
proportion  to  the  money  received  from  the  United 
States.  Instead  of  that,  the  marble  company  took  a 
small  amount  in  cash  and  the  contractor's  notes  for 
larger  sums  than  the  amounts  agreed  upon.  These 
notes  were  discounted.  A  year  before  the  final  pay- 
ment the  marble  company  had  received  almost  its 
entire  due  in  cash  and  notes,  but  very  much  less  than 
the  amount  due  up  to  date  in  cash.     It  was  held  that 
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the  surety  company  was  released  by  any  such  change 
of  contract  between  the  contractor  and  the  sub-con- 
tractor. The  court  summarized  its  position  in  the 
following  statement : 

*  ♦  In  brief,  a  corporate  surety  under  the  act  of  1905  is  much 
like  the  signer  of  a  blank  check.  Undoubtedly  such  a  man  takes 
a  risk;  if  a  larger  sum  should  be  inserted  than  he  intended,  he 
must  usually  accept  the  situation;  but,  after  the  blank  has  been 
filled,  his  liability  is  fixed,  and  is  not  subject  to  injurious  change 
thereafter 

This  decision  gives  notice  to  sub-contractors  and 
material  men  that  they  must  be  extremely  careful  in 
changing  the  terms  of  contracts  once  made  with  the 
general   contractor. 

It  was  held  by  the  Circuit  Court  of  Appeals  in  Chi- 
cago that  the  surety  was  not  released  by  the  ci-ed- 
itor  consenting  to  an  assignment  of  the  contract  or 
by  his  accepting  payment  on  account  from  the  as- 
signee or  by  filing  his  claim  against  the  assignee's 
estate  in  bankruptcy,  or  even  by  aiding  in  the  assign- 
ment by  the  original  contractor  to  a  corporation  and 
taking  part  as  a  director  in  the  corporations. 

This  completes  the  review  of  the  most  important 
cases  by  the  courts  under  this  statute.  It  shows  that 
the  Supreme  Court  has  recognized  it  as  a  substitute 
for  lien  laws,  as  designed  to  secure  payment  for  work 
done  and  material  furnished  and  as  of  a  highly  meri- 
torious character.  General  contractors  assert  that 
the  courts  have  gone  so  far  in  protecting  such  claims 
that  they  have  been  involved  in  liabilities  against 
which  they  can  not  possibly  guard.  Two  things  may 
now  be  added  by  way  of  suggestion  to  the  contrac- 
tors: 

1.  That,  while  the  present  law  stands,  they  must 
use  every  possible  care  in  protecting  themselves 
either  by  dealing  only  with  thoroughly  responsible 
sub-contractors  or  by  requiring  bonds  from  sub- 
contractors as  a  protection  against  claims  for  mate- 
rial furnished  to  the  sub-contractors  or  to  the  sub- 
contractor's .sub-contractor.  Even  with  the  utmost 
care  in  this  respect,  it  is  very  questionable  whether 
the  contractor  can  always  feel  that  he  is  safe  in 
making  his  settlements  and  payments. 

2.  That  an  effort  should  be  made  to  secure  an 
amendment  to  the  law.  It  would  certainly  seem  fair 
to  change  the  law  so  as  to  require  a  material  man  to 
give  notice  to  the  general  contractor  at  the  time  of 
furnishing  the  material  that  he  proposes  to  hold  the 
contractor  responsible  for  it.  This  would  be  no  hard- 
ship to  the  material  man.  The  notice  would  be  given 
in  cases  where  the  material  man  had  any  doubt  about 
his  being  paid  by  the  sub-contractor.  A  rule  of  prac- 
tice might,  indeed,  be  adopted  by  material  men  to 
send  such  notice  to  the  general  contractor  in  every 
instance.  The  general  contractor  could  have  no  ob- 
jection to  this  for,  being  forewarned,  he  could  pro- 
tect himself.  It  is  the  unsuspected  claims  that  give 
him  ground  for  complaint. 


The  Interstate  Commerce  Commission  has  compiled 
the  following  advance  figures  from  the  reports  of  op- 
erating revenues  and  expenses  of  178  railroads  for 
the  month  of  May: 

Item.                                                             May,  1917.  May,  1916. 

.\verage   number  of   miles   operated    227.514.05  227,109.97 

Railway  operating  revenues    $337,869,250  $294,517,994 

Kailway   operating   expenses 233,147,873  103,34S,746 

Xet  revenues  from  railway  operations.$104,721,377       $101,169,248 

Revenues   per   mile    ^'^or  ^'q^I 

Expenses  per  mile   1,025  Sal 

Xet  revenue  per  mile   460  446 

During  the  past  year  New  York  City  added  21/2 
miles  of  new  wharfage  to  the  city's  docks. 
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Sewer  Construction  by  Open  Cut 
and  Tunnel  Methods  in  Sani- 
tary District  of  Chicago 

An  interesting  comparison  of  sewer  construction 
by  open  cut  and  tunnel  methods  was  given  by  Mr. 
H.  R.  Abbott,  Assistant  Engineer,  Sanitary  District 
of  Chicago,  in  a  paper  presented  June  4  before  the 
Western  Society  of  Engineers.  In  his  paper  Mr.  Ab- 
bott describes  the  method  of  work,  construction  prob- 
lems, and  their  solutions,  on  some  18  miles  of  inter- 
cepting sewer  construction  in  the  northern  end  of 
the  Sanitary  District  of  Chicago.  The  paper  is  di- 
vided into  two  sections,  one  dealing  with  the  North 
Shore  intercepting  sewer  which  was  completed  on 
Jan.  1,  1916,  and  the  other  with  the  Evanston  inter- 
cepting sewer  which  is  now  under  custodian.  An  ab- 
stract of  that  portion  of  the  paper  relating  to  the 
North  Shore  sewer  follows : 

The  North  Shore  intercepting  sewer  is  about  9 
miles  long,  and  serves  the  villages  of  Wilmette,  Ken- 
ilworth,  Winnetka  and  Glencoe.  It  intercepts  five  ' 
sewer  outlets  from  Lake  Michigan  and  four  from  the 
Skokie.  The  project  is  divided  into  three  contracts: 
Contract  No.  1,  2.7  miles  in  length,  beginning  at  the 
North  Shore  Channel  and  terminating  at  Cherry  St., 
Winnetka;  Contract  No.  2,  1.3  miles  in  length,  branch- 
ing from  Contract  No.  1  at  Winnetka  Ave.,  Winnetka, 
and  extending  west  largely  in  tunnel  to  a  junction 
with  Contract  No.  3;  Contract  No.  3,  4.7  miles  in 
length,  extending  along  western  limits  of  Winnetka 
and  Glencoe  and  terminating  at  Longwood  and  Hazel 
Aves.,  Glencoe.  Actual  construction  on  Contract  No. 
1  was  started  at  the  North  Shore  Channel  on  May  5, 
1914.  This  contract  was  built  entirely  in  open  cut, 
the  average  cut  being  21^2  ft.  The  excavation  was 
made  by  a  Bucyrus  70-ton  steam  shovel,  mounted  on 
timbers  to  span  the  trench,  and  fitted  with  a  54-ft. 
dipper  handle.  In  the  maximum  cut  of  26  ft.  some 
hard  work  was  required  on  account  of  the  excessive 
depth.  The  average  daily  progress  for  an  entire  work- 
ing season  was  70  ft.  or  480  cu.  yd.  of  excavation. 
The  maximum  daily  run  was  125  ft.  or  850  cu.  yd.  of 
excavation.  All  sheeting  was  left  in  place  to  prevent 
any  sloughing  of  the  banks,  but  largely,  however,  to 
protect  the  adjacent  local  sewer  and  water  pipes,  al- 
though the  entire  section  was  in  good  stiff  blue  clay. 

The  sewer  section  of  this  contract  is  egg-shaped, 
built  of  monolithic  concrete  of  l:2i2:5  mix,  and  is  6x 
9  ft.  in  size  merging  into  a  6x8  ft.  The  slopes  are  1 
in  2,000  and  1  in  2,500.  Blaw  steel  forms  of  a  col- 
lapsible type  were  used,  the  sections  being  5  ft.  in 
length.  Both  invert  and  arch  forms  were  carried 
ahead  by  travelers.  The  arch  traveler  was  12  ft.  long 
and  carried  15  ft.  of  form  per  trip.  This  traveler  was 
carried  on  9-in.  flanged  wheels,  running  on  a  small 
T-rail,  supported  on  cross  timbers  placed  about  3  ft. 
i;bove  the  invert.  The  invert  traveler  carried  one  5- 
ft.  length  of  form  ahead  each  trip,  suspended  from 
a  small  boom  equipped  with  wire  rope,  cleaves  and 
winch.  The  rear  end  of  this  traveler  was  counter- 
weighted  to  maintain  stability.  For  the  job  130  ft. 
of  invert  and  200  ft.  of  arch  forms  were  employed. 
The  invert  form  was  supported  on  concrete  blocks  9x 
10x14  in.  spaced  5  ft.  centers.  These  blocks  were  cast 
outside  the  trench  and  cured,  being  placed  to  line 
r.nd  grade  as  soon  as  the  bottom  was  shaped  up,  after 
which  the  space  between  the  blocks  was  filled  with 
concrete  from  the  mixer.     The   concrete  mixer  was 


mounted  to  span  the  trench  and  deposited  the  con- 
crete through  a  flexible  jointed  chute. 

All  material  was  teamed  to  the  work,  the  average 
haul  being  IV4  miles.  Spoil  was  loaded  direct  from 
the  shovel  into  2i2-yd.  dump  cars  and  hauled  to  the 
dump  or  back  fills.  Seven  cars  formed  an  average 
train.  The  dump  was  situated  in  a  ravine  and 
along  the  shore  of  Lake  Michigan,  near  the  middle  of 
the  contract.  Dumping  was  carried  out  parallel  with 
the  bluff,  making  30  to  40  ft.  of  additional  land,  some 
1,500  ft.  in  length. 

Four  sewer  outfalls  discharging  into  Lake  Mich- 
igan were  intercepted  on  this  contract.  These  were 
provided  with  spillways  utilizing  the  old  sewers  be- 
tween the  interceptor  and  the  lakes  as  overflows  for 
excessive  storm  floor.  An  output  of  0.8  ft.  of  com- 
pleted sewer  per  day  per  man  was  obtained. 

Contract  No.  2  comprises  a  modified  ellipse  shaped 
sewer  62  in.  in  size  built  partly  in  open  cut  and  partly 
in  tunnel  with  a  slope  of  1  in  1,250.  On  the  open  cut 
section  a  Parsons  excavating  machine  was  used, 
spoiling  alongside  the  trench.  As  the  work  was  in 
an  unpaved  street,  continuous  sheeting  was  not  used. 
Several  cave-ins  occurred  due  to  leakage  from  an  ex- 
isting tile  sewer,  which  in  places  was  exposed  in  the 
side  of  the  trench.  The  Blaw  forms  used  on  this  sec- 
tion were  in  5-ft.  lengths,  five  lengths  being  bolted 
together  as  one  unit  when  moving  ahead.  The  con- 
crete invert  was  laid  ahead,  the  invert  forms  then 
being  dragged  ahead  by  block  and  tackle.  The  arch 
forms  were  equipped  with  5-in.  castor  wheels  bolted 
to  the  forms  and  were  carried  on  wooden  stringers 
supported  on  cross  timbers.  The  collapsing  of  the 
forms  was  done  with  a  turnbuckle  attached  to  the 
forms  and  also  serving  as  a  cross  brace.  Fifty  feet 
of  invert  and  the  same  amount  of  arch  forms  were 
used  on  this  section. 

Concrete  was  mixed  in  a  10-ft.  capacity  Whirlpool 
gas  engine  mixer  and  chuted  into  the  work.  Very  lit- 
tle excavated  material  was  hauled  away  and  back- 
filling was  done  by  teams.  The  output  was  0.66  ft. 
per  man  per  day,  or  a  daily  average  progress  of  25  ft. 

From  the  east  right  of  way  line  of  the  C.  &  N. 
W.  Ry.  to  the  west  end  of  this  contract,  the  sewer 
was  built  in  tunnel  passing  under  the  Indian  Hill 
Golf  Club.  Three  shafts  were  sunk  at  an  average 
distance  apart  of  1,400  ft.  The  shafts  were  rec- 
tangular and  6  by  8  ft.  inside  of  timbering.  In  sink- 
ing the  shafts  the  excavated  material  was  scaffolded 
up.  The  work  in  the  tunnel  was  carried  on  24  hours 
r.  day  in  three  shifts,  two  mining  and  one  concreting. 
Owing  to  the  nature  of  the  ground  very  little  tim- 
bering was  necessary,  occasional  crutches  and  light 
poling  boards  being  used  where  the  roof  showed  a 
tendency  to  slough  off.  In  all  such  cases  the  poling 
boards  were  concreted  in  but  the  crutches  were  re- 
moved. A  regular  mining  program  of  10  ft.  for  each 
8-hour  shift  in  each  heading  was  followed.  This  20 
ft.  mined  each  day  was  lined  in  the  8-hour  concrete 
shift,  making  a  total  progress  of  40  ft.  in  the  two 
headings  every  24  hours.  This  is  equivalent  to  0.85 
ft.  per  man  per  day.  Concrete  for  lining  the  tunnel 
was  mixed  at  the  top  of  the  shaft  by  hand,  loaded 
into  muck  cars  and  pushed  by  hand  to  the  headings. 
A  strongly  timbered  2-story  headhouse  carried  the 
elevator  which  was  operated  by  a  steam  hoist.  The 
muck  was  raised  to  the  second  landing  and  run  out 
onto  a  dump  track  to  be  dumped  onto  the  muck  pile  or 
into  wagons.  At  the  completion  of  the  tunnel-work 
driven  from  any  one  shaft,  the  headhouse,  hoist  and 
boiler  were  moved  on  to  the  next  shaft.  Ventilation  for 
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the  tunnel  was  furnished  by  blowers  operated  by  a 
belt  from  a  special  engine.  The  Blaw  forms  for  this 
tunnel  section  were  the  ordinary  knock-down  forms 
consisting  of  ribs  and  lagging  plates,  the  plates  being 
5  ft.  long  and  18  to  21  in.  in  width;  80  lin.  ft.  were 
used  on  this  section. 

Contract  No.  3  extended  along  the  eastern  edge 
of  the  Skokie  Marsh,  on  a  diagonal  line,  cutting 
through  the  private  property,  including  subdivisions, 
farm  land,  private  estates  and  the  Skokie  Golf  Club 


■>Oie  3/1. 


ing  very  unsatisfactory  progress,  decided  to  build  all 
of  the  balance  in  tunnel.  The  open-cut  work  showed 
that  the  tunnel  would  be  in  fairly  good  clay,  although 
the  first  6  ft.  below  the  ground  level  was  a  very  sandy 
loam,  and  would  give  trouble  in  an  open  cut  unless 
Wakefield  sheeting  was  used.  Shafts  were  sunk  at 
short  intervals  for  the  entire  balance  of  the  work  or 
334  miles,  this  stretch  having  92  shafts  with  184 
headings.  The  headings  averaged  207  ft.  in  length 
en  the  36,  33,  30,  18  and  12-in.  sections.  The  total 
length  of  shafts  of  this  character  was  1,943  lin.  ft.  or 
just  about  10  per  cent  of  the  entire  length  of  the  tun- 
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nel  as  built  from  these  shafts.  An  average  day's 
progress  on  this  work  was  57  ft.,  including  the  shaft 
work,  or  very  nearly  1  ft.  per  man  per  day,  as  against 
a  progress  of  but  25  ft.  per  day  on  the  1,100  ft.  done 
by  open  cut  on  the  same  sewer.  Owing  to  the  ex- 
tremely small  working  space  in  these  sections,  it  was 
impossible  to  concrete  the  sewer  as  the  work  pro- 
gressed. The  expedient  was  therefore  adopted  of 
mining  continuously  between  shafts  and  concreting 
the  whole  length  of  the  heading  from  the  face  back 
to  the  shaft    after    the  mining  had    been    completed. 
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grounds.  The  contract  included  36,  33,  30-in.  ovoid- 
shape  concrete  and  24,  18,  12  and  9-in.  tile  sewers  be- 
ginning with  a  slope  of  1  in  1,500  and  gradually  in- 
creasing to  1  in  540  upper  end.  This  contract  section 
was  specified  to  be  built  in  open  cut,  except  the  2,400- 
ft.  of  24-in.  tile  on  Milton  Ave.,  Glencoe.  The  con- 
tractor, however,  after  building  the  first  1,100  ft. 
north  of  the  junction  with  Contract  No.  2,  and  mak- 


These  shafts,  averaging  only  21  ft.  in  depth,  were 
circular  and  6  ft.  in  diameter,  using  the  ordinary 
sewer  iron  rings  and  2-in.  wood  lagging.  They  were 
sunk  by  two  special  crews,  the  first  excavating  and 
sheeting  the  shaft  to  a  depth  of  10  ft.  and  scaffolding 
out  the  material.  The  second  gang  completed  the 
shaft  and  usually  cut  and  timbered  the  eyes,  hoist- 
ing the  material  out  with  a  carriage  wheel  winch, 
such  as  is  used  for  lowering  pipe  into  a  trench,  but 
geared  up  to  give  more  speed. 

Because  of  the  frequent  shifting  required,  very  lit- 
tle plant  was  used.    Two  light  2-story  timbered  head- 
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houses,  built  on  skids,  were  used,  one  being  in  opera- 
tion at  the  shaft  where  mining  was  under  way,  while 
the  other  was  set  up  at  the  shaft  ahead.  The  power 
plant  was  a  single  drum  hoist  and  a  portable  30-hp. 
boiler.  The  whole  outfit  was  moved  ahead,  set  up  and 
put  in  operation  in  less  than  2  hours.  Muck  was 
brought  from  the  face  to  the  shaft  in  tubs  carried  on 
small  flat  cars.  No  elevator  was  used,  the  tubs  being 
hooked  directly  onto  the  hoisting  table,  raised  to  the 
second  landing  of  the  headhouse  and  dumped  into 
the  spoil  wagons.  Concrete  was  mixed  in  a  Whirl- 
pool gas  engine  mixer  of  10-cu.  ft.  capacity,  and 
chuted  down  the  shaft  into  dump  cars  which  were 
pushed  to  the  headings.  Forms  were  removed  by  a 
special  gang  after  the  concrete  and  mining  gangs  had 
gone  on  to  the  next  shaft.     This  gang  also  pointed 


?;alf  of  the  contract  section  it  was  necessary  to  lay 
plank  roadways  extending  from  the  end  of  the  near- 
est paved  street  to  the  site  of  the  work.  The  plank- 
ing in  these  roadways,  however,  was  taken  up  and 
used  again  and  again.  The  average  haul  for  material 
was  I'i  miles.  Four  outfall  sewers  were  picked  up 
on  this  contract,  intercepting  the  sewage  which 
fomerly  flowed  away  in  open  ditches. 

The  24-in.  tile  section  was  specified  as  tunnel  in  the 
contract;  it  was  driven  from  four  shafts  averaging  49 
ft.  in  depth,  spaced  approximately  1,000  ft.  apart, 
making  the  headings  500  ft.  long.  All  shafts  were 
sunk  at  the  site  of  manholes  and  other  manholes  were 
built  in  specially  excavated  wells  between  the  shafts. 
The  shafts  were  similar  to  shafts  described  on  Con- 
tract No.  2.     Excavated  material  was  scaffolded  out 
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up,  plastered  the  invert  and  concreted  up  the  opening 
at  the  shafts.  The  forms  used  in  concreting  the  shaft 
opening  had  to  be  removed  through  the  next  shaft. 
Sand  pockets  of  considerable  extent  encountered 
tilong  a  stretch  of  ^i  mile  prevented  the  work  being 
done  in  tunnel  at  these  points  with  the  means  at 
hand.  The  work  at  these  places  was  then  carried  on 
by  the  open-cut  method,  making  the  excavation  by 
hand,  the  open  cutting  in  eight  separate  pieces  total- 
ling 723  ft.  in  the  3-^4  miles  of  work.  These  open-cut 
se(jtions  proved  very  expensive  to  the  contractor. 
Built-up  wooden  forms  were  used  on  the  33  and  30-in. 
sections  and  the  Blaw  steel  forms  on  the  36-in.  sec- 
tion, using  128  ft.  of  the  steel  forms  and  a  similar 
length  of  wood  form  on  the  other  two  sections.  All 
material  was  delivered  by  teams  and  for  about  one- 
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to  a  depth  of  12  ft.,  after  which  a  windlass  mounted 
on  a  tripod  hoisted  out  material  in  buckets.  Exca- 
vation for  the  intermediate  manholes  was  made  in 
circular  wells  4  ft.  8  in.  in  diameter,  sheeted  with 
2-in.  lumber  secured  in  place  by  steel  rings  and  ma- 
terial hoisted  out  by  a  windlass.  No  trouble  was  en- 
countered in  sinking  these  wells  to  a  maximum  depth 
of  60  ft. 

From  these  shafts,  the  mining  was  carried  on  con- 
tinuously for  the  full  length  of  the  heading,  the  tun- 
nel being  timbered  as  the  work  advanced  and  track 
laid.  Muck  cars  ':i-cu.  yd.  capacity  were  used  and 
hoisted  to  the  second  landing  of  the  headhouse  and 
muck  dumped  into  wagons.  As  soon  as  the  headings 
were  completed,  the  tile  was  laid  in  a  concrete  cradle 
beginning  at  the  far  end  of  the  heading  and  working 
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back  to  the  shaft.  Tile  was  brought  in  one  at  a  time 
on  the  dump  cars,  the  sides  of  the  car  being  removed. 
All  joints  were  calked  with  jute  soaked  in  cement 
grout  and  plastered.  The  backfill  was  brought  down 
the  shaft  in  the  muck  cars  and  packed  over  the  pipes 
as  laid,  the  usual  procedure  being  to  lay  about  four 
lengths  of  pipe  and  then  backfill.  This  section  was 
in  uniformly  good  stiff  blue  clay  and  work  was  per- 
formed under  a  sub-contract. 

A  more  permanent  plant  was  used  on  this  job  than 
on  the  36,  33  and  30-in.  concrete  sections.  The  head- 
house  was  a  heavily  timbered  2-story  affair,  equipped 
with  a  6-ft.  cage  elevator.  A  dump  track  was  laid 
from  the  second  story  out  over  a  dumping  trestle, 
under  which  the  wagons  could  drive.  Hoisting  plant 
consisted  of  a  double-drum  hoist  operated  by  a  40- 
hp.  vertical  boiler.  A  small  blower  was  geared  to 
the  shaft  of  the  idle  drum  to  furnish  air  for  ventila- 
tion and  operated  as  needed.  No  compressed  air  was 
used.  At  the  completion  of  the  work  from  one  shaft, 
the  boiler,  hoist  and  headhouse,  all  mounted  on  skids, 
were  moved  ahead  to  the  next  shaft  by  teams  pulling 
with  block  and  tackle  from  deadmen.  Two  days  were 
required  to  move  and  re-assemble  the  plant. 

For  connecting  local  sewers,  a  cast-iron  drop  pipe 
was  built,  extending  from  the  connecting  sewer  down 
to  the  24-in.  sewer  and  carried  outside  of  the  man- 
hole. The  drop  pipes  were  encased  in  concrete.  The 
work  on  the  18  and  12-in.  tile  sewers  on  the  extreme 
end  of  the  contract  was  carried  on  in  a  similar  man- 
ner to  that  employed  on  the  36,  33  and  30-in.  sections 
except  that  the  shafts  were  closer  together.  An  aver- 
age daily  progress  on  the  24-in.  tile  in  tunnel  was 
41  ft.  or  1  ft.  per  man  per  day. 

From  the  data  collected  diagrams  have  been  made 
showing  the  proportional  costs  for  the  different  parts 
of  the  entire  work.  For  the  purpose  of  cost  analysis 
the  entire  9  miles  of  sewer  is  divided  into  six  items, 
each  item  shown  being  divided  proportionately  for 
its  different  parts.  Comparison  of  the  wheel  diagram 
and  the  general  information  table  shows  that  Item  1 
afforded  a  good  margin  of  profit.  This  item  was  a 
well-balanced  job;  that  is,  the  labor  and  material 
about  divide  the  circle  in  half.  This  proportion  will 
generally  show  a  good  margin  of  profit  on  an  open-cut 
job. 

Taking  Item  2,  also  an  open-cut  job,  it  will  be  seen 
that  there  is  practically  no  profit  and  the  proportion 
of  labor  to  material  is  71  per  cent  to  29  per  cent,  re- 
spectively, or  entirely  out  of  proportion. 

Item  3  is  in  tunnel  and  shows  a  good  margin  of 
profit,  with  the  labor  81  per  cent  against  material  19 
per  cent.  This  can  also  be  called  a  well-balanced  job, 
as  on  tunnel  work  the  labor  should  run  considerably 
higher  than  on  open  cut,  with  a  corresponding  de- 
crease for  material  on  the  proportional  cost,  or  about 
75  per  cent  for  labor  and  25  per  cent  for  material. 

Item  4  is  the  1,100  ft.  of  open  cut  referred  to  above, 
and  where  this  method  was  abandoned  and  tunnel 
substituted.  It  shows  no  profit,  with  the  labor  item 
at  77  per  cent  and  material  at  23  per  cent,  and  in  con- 
trast with  this  a  reference  to  Item  5  gives  the  cost 
of  the  same  sewer  after  the  contractor  changed  his 
method  of  work  from  open  cut  to  tunnel.  The  item 
shows  the  labor  as  67  per  cent  and  the  material  at  33 
per  cent.  Comparison  will  show  a  profit.  The  36,  33 
and  30-in.  sizes  are  grouped  together  under  this  item, 
as  the  work  is  all  of  the  same  character  and  very 
little  difference  was  found  in  the  actual  amount  of 
material  used. 

Item  6  completes  the  cost  data  for  the  North  Shore 


sewer  and  is  the  24-in.  tile  in  tunnel.  This  is  a  well- 
balanced  diagram,  with  a  corresponding  margin  of 
profit,  with  labor  at  70  per  cent  and  material  at  30 
per  cent.  Should  the  cost  per  cubic  yard  be  desired 
on  any  of  these  items  shown  in  the  diagrams,  it  is 
only  necessary  to  divide  the  cost  of  that  item  by  the 
number  of  yards  shown  above  the  circle. 

The  cost  diagrams  do  not  include  overhead  charges, 
first  cost  of  plant,  depreciation,  interest  or  bonding. 
They  do,  however,  include  all  field  expenses,  including 
the  liability  insurance  on  contractor's  employes  and 
superintendence. 

The  construction  work  was  carried  out  under  the 
supervision  of  Mr.  Abbott  as  Assistant  Engineer  for 
the  Sanitary  District  of  Chicago,  under  the  direction 
of  Mr.  Langdon  Pearse,  Division  Engineer,  and  Mr. 
George  M.  Wisner,  Chief  Engineer.  The  contractors 
for  the  three  sections  of  the  South  Shore  intercepting 
sewer  were  as  follows:  Contract  No.  1,  H.  J.  Mc- 
Nichols  Co.;  Contract  No.  2,  Marquette  Construction 
Co.;  Contract  No.  3,  Nash  Brothers. 


Wheel  Brake  for  Heavy  Loads 

An  effective  brake  for  use  on  trucks  in  transport- 
ing heavy  loads  down  steep  roadways  has  been  devel- 
oped by  the  Construction  Department  of  the  Roches- 
ter Railway  &  Light  Co.,  Rochester,  N.  Y.  The  device 
consists  of  two  heavy  blocks  attached  to  the  truck 
and  hanging  about  the  center  of  the  back  wheels, 
both  in  front  of  the  wheel  and  in  back.  The 
blocks  are  controlled  by  means  of  two  rods  which 
run  from  the  hand  wheel  at  the  rear  block  to  a  nut 
en  the  front  block.  It  is  stated  that  this  brake  alone 
will  safely  conduct  a  load  of  10  tons  down  a  steep 
incline,  but  for  heavier  loads  and  as  a  safeguard,  a 
third  block  shaped  to  coincide  with  the  rim  of  the 
wheel   is   used.     As   this   block   drags   en  the   ground 


Wheel    Brake    Developed    by    Rochester    Ry.    &    Light    Co. 

there  is  a  tendency  for  the  rear  wheels  to  ride  over 
it.  In  cases  where  a  load  heavier  than  10  tons  is  be- 
ing hauled  it  is  necessary  to  put  a  team  of  horses  in 
back  of  the  wagon  and  hitch  it  to  the  block  which 
drags  on  the  ground,  thus  making  a  secure  hold- 
back. In  transporting  a  load  from  20  to  25  tons  it 
is  necessary  to  attach  two  teams,  but  if  loads  rang- 
ing from  25  to  50  tons  are  hauled  a  hoisting  engine 
is  attached.  The  pull  on  the  rope  attached  to  the 
block  has  the  same  effect  as  if  the  horses,  or  hoisting 
engine  were  holding  back  a  heavy  load.-  The  illustra- 
tion, reproduced  from  the  Gas  and  Electric  News 
from  which  this  note  is  taken,  shows  an  11-ton  trans- 
former being  taken  down  a  hill. 
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Earth  Dam  Compacted   by 
Flooding 

Construction  is  now  nearing  completion  on  a  $250,- 
000  project  for  securing  an  additional  water  supply 
for  Reeves  County  Irrigation  District  No.  1  of  Texas. 
The  work  is  located  near  Balmorhea,  Tex.  It  involves 
the  construction  of  diversion  works  with  earth  wing 
walls  and  reinforced  concrete  spillway  500  ft.  long, 
by  which  the  flood  waters  are  taken  from  Madero 
Creek  and  carried  through  an  intake  canal  4^2  mile 
in  length  into  a  creek  which  empties  into  a  storage 
reservoir.  This  reservoir  is  formed  by  an  earth  dam 
containing  about  180,000  cu.  yd.  of  material,  which 
was  excavated  from  the  bottom  of  the  reservoir  by 
Western   elevating   graders    and   hauled   to   place   in 


trench  the  dam,  which  is  47  ft.  high  and  2,500  ft.  long 
was  built  in  3-ft.  lifts.  Each  lift  or  layer  as  com- 
pleted was  bordered  and  cross-bordered  where  neces- 
sary, and  flooded  with  water  as  shown  in  the  illustra- 
tion. This  water  was  allowed  to  stand  for  several 
days,  the  intention  being  to  permit  the  moisture  to 
connect  with  that  of  the  lift  next  below.  On  testing 
out  these  lifts  with  a  post  hole  digger  after  irriga- 
tion, it  was  found  that  the  earth  was  well  compacted, 
and  a  very  complete  impervious  settlement  obtained 
quickly.      This    process    of   settling   and    compacting 


Excavating    Cutoff    Trench     With     Dragline. 

Western    dump    wagons.     The   canal   excavation 
been  handled  by  Monigan  draglines. 

In  the  construction  of  the  dam  the  somewhat  un- 
usual method  of  compacting  the  earthwork  by  irri- 
gating was  employed.  The  distance  of  the  work  from 
the  nearest  source  of  water  supply  made  it  impracti- 
cable to  follow  the  common  method  of  sprinkling  by 
wagons,  and  large  quantities  of  water  being  neces- 
sary in  the  work  of  puddling,  as  well  as  for  stock 
and  other  purposes,  it  was  thought  best  to  provide 
a  constant  supply.  This  was  provided  by  means  of  a 
small  ditch  nearly  3  miles  long,  diverted  high  enough 
to  carry  the  water  over  the  top  of  the  completed  dam. 

In  order  to  cut  off  a  gravel  stratum  at  the  dam 
site  a  trench  averaging  40  ft.  wide  at  the  top  and 
from  5  ft.  to  15  ft.  wide  at  the  bottom,  and  10  to  20 
ft.  deep  was  excavated  to  rock  or  clay  foundation. 
This  was  filled  with  water  and  good  earth  material 
"bulldozed"    in   from   the   end.      Over    this    puddled 


Top  View,   Dam  With  First  Lift  In  Place.     Middle  View,  Puddling 

Cutoff   Trench.      Bottom,    IVIethod    of    Retaining    Water 

in    Puddling. 


the  material   was   continued  to  the  very  top   of  the 
dam. 

The  inner  slope  of  the  dam  will  be  protected  from 
wave  action  by  a  specially  laid  reinforced  concrete 
paving.  This  paving  is  made  in  slabs  6  ft.  wide  run- 
ning up  the  slope  from  a  concrete  toe  wall  at  the 
bottom  to  the  top  of  the  dam,  the  slabs  being  7  in. 
thick  at  the  bottom  end  and  gradually  diminishing 
to  4  in.  thickness  at  the  top.  The  joints  between  the 
slabs  were  formed  in  a  step  or  off-set  manner  with 
lelt  between.  The  reinforcements  of  continuous 
heavy  netting  passed  through  this  joint  diagonally 
(16) 
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at  the  step  or  off-set  point  and  just  below  the  felt. 
The  reinforcing  going  through  the  joint  at  the  step 
diagonally,  was  for  the  purpose  of  allowing  for  ex- 
pansion and  contraction  without  undue  tension  on 
the  reinforcing  material.  The  step  joint  also  pro- 
vided for  expansion  without  leaving  an  opening  for 
leakage  of  water,  as  the  step  part  of  the  joint  will 
always  be  tight.  The  inner  slope  of  the  dam  was 
(thoroughly  wetted  and  tamped  to  a  firm  foundation 
before  laying  the  concrete. 

The  outlet  from  the  reservoir  is  through  a  saddle 
where  a  cut  of  21  ft.  was  made  and  a  reinforced  con- 
crete conduit  was  put  in  and  a  refill  of  puddle  clay 
made  for  the  foundation  of  a  small  dam  above. 

Vernon  L.  Sullivan  is  Chief  Engineer  of  the  Reeves 
County  Irrigation  District  No.  1  and  R.  S.  Watrous 
is  Resident  Engineer.  Jamieson  &  Co.,  are  the  con- 
tractors for  the  main  dam. 


Drag  Line  Skip  and  Stiff-Leg  Der- 
rick Facilitate  Foundation 
Excavation 

In  excavating  for  the  foundation  for  the  new  plant 
cf  the  French  Bros.-Bauer  Co."  now  being  erected  at 
Canal  and  Plum  Sts.,  Cincinnati,  O.,  rather  unusual 
conditions  had  to  be  met.  The  foundations  of  an  old 
brewery  with  heavy  stone  walls  and  arched  ceilings 
of  old  wine  cellars,  some  covered  with  6  to  10  ft.  of 
earth,  were  to  be  partly  removed  and  partly  reused  as 
foundations  of  the  new  building.  Some  groined  arches 
and  brick  arches  supported  on  steel  beams  and  cast 
iron  columns  were  removed.     As  the  elevation  of  the 


per  yard.  To  haul  this  about  l^A  miles  required  16 
teams,  the  round  trip  time  being  about  1  hour  15  min- 
utes. This  cost  includes  tearing  out  the  stone  arches 
and  walls. 

Owing  to  the  underpinning,  the  east  end  was  not 
completed  until  after  the  remainder  of  the  work  was 
practically  finished.  The  depth  here  was  30  ft.  be- 
low the  street.  As  room  for  a  derrick  was  not  avail- 
able, the  drag  line  skip  as  shown  in  sketch  was 
erected  on  the  street  side,  arranged  to  operate  from 
the  concrete  hoisting  engine.  The  scraper  used  was 
of  Va-yd.  capacity  with  the  sides  and  back  built  up 
and  a  chain  bail  substituted  for  the  iron  one.  Dirt 
was  taken  out  at  a  unit  labor  cost  of  32  ct.  per  yard. 
This  excavation  was  in  sand  and  loam  and  involved 
no  tearing  out  of  walls.  This  drag  line  skip,  while 
it  took  out  dirt  cheaper  than  with  the  derrick,  could 
not  have  been  used  throughout  the  job  on  account  of 
the  cost  of  moving  and  erecting,  and  the  interference 
from  cross  walls  in  other  parts  of  the  building. 

The  old  stone  walls  had  been  laid  up  in  cement 
mortar  and  were  in  fine  condition.  The  spawls  and 
mortar  that  had  dropped  on  the  haunches,  as  the  main 
walls  were  carried  above,  made  the  arches  exception- 


Stiff-Leg    Derrick   Used    in    Excavating    Building   Foundations. 

sub-basement  floor  varied,  the  excavation  had  to  be 
finished  in  one  section  before  proceeding  with  another 
of  diff'erent  elevation. 

Work  began  at  the  east  end  to  get  suflS- 
tient  earth  moved  to  allow  underpinning  an 
existing  brick  building.  On  this  and  the  cen- 
ter portion  of  the  site,  a  stiff-leg  derrick 
with  a  60-ft.  boom,  40-ft.  mast  and  a  ^-yd.  Owens 
bucket  operated  by  a  Dake  swinging  engine,  was  used. 
This  derrick  was  supported  on  the  old  cross  walls  and 
arches  on  the  center  line  of  the  building.  The  bucket 
discharged  either  into  wagons  direct  or  into  an  ele- 
vated bin,  so  that  when  the  teams  were  not  there  the 
derrick  could  work  continuously.  An  average  of  28 
yd.  per  hour  was  maintained  at  a  labor  cost  of  48  ct. 


Side  Eleyaf ion  Front  Ehvotlon 

Arrangement   of    Drag    Line   Sl<ip. 

fclly  difficult  to  wreck.  The  total  yardage  moved  was 
16,500  cu.  yd.,  of  which  6,800  cu.  yd.  were  stone  walls, 
arches,  old  floors,  etc. 

The  Ferro  Concrete  Construction  Co.,  Cincinnati, 
O.,  is  the  general  contractor  for  this  building.  Tait  & 
Nordmeyer  Engineering  Co.,  St.  Louis,  is  the  engineer 
and  architect. 


Portable  Air  Hoists  Operate  Disabled 
Derrick 

Two  small  tugger  portable  air  hoists  were  used  to 
operate  a  large  quarry  derrick  at  a  Montpelier,  Vt., 
quarry  while  the  regular  swinging  engine  was  being 
repaired.  The  two  hoists  were  bolted  side  by  side  to 
2-in.  planks,  which  in  turn  were  chained  to  two  large 
blocks  of  granite.  The  lines  from  the  hoists  were  led  to 
opposite  sides  of  the  bullwheel,  one  being  used  to  swing 
the  derrick  in  one  direction  and  the  other  to  swing  it 
back.  This  improvised  arrangement  kept  the  derrick 
in  operation  more  than  a  week  while  the  swinging  en- 
gine was  being  repaired.  In  ordinary  service  one  of 
the  hoists  is  employed  to  overhaul  the  heavy  cable 
from  one  of  the  derricks  across  the  quarry  pit,  while 
the  other  is  used  in  lowering  steel  and  light  loads 
into  the  pits.  The  above  arrangement  is  described  by 
Mr.  H.  L.  Hicks  in  the  Compressed  Air  Magazine. 
(17) 
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Mining  Manganese  Ore  with 
Cableway  Excavator 

A  dragline  excavator  is  being  used  at  the  Crimora 
mines  at  Crimora,  Va.,  for  excavating  manganese  ore 
from  the  pit.  The  excavator  has  a  l^i-cu.  yd  bucket 
of  the  Schofield-Burkett  type.  This  bucket  dumps  the 
material  into  a  revolving  bin  having  a  capacity  of 
50  tons.  From  this  bin  the  material  is  transported 
to  the  washer  by  means  of  an  incline  gravity  railway, 
two  4-cu.  yd.  side-dump  cars  being  used.  From  these 
cars  it  is  dumped  into  the  main  storage  bin  at  the 
head  of  the  mill.  The  material  leaving  the  bin  passes 
over  stationary  grizzlies,  spaced  3  in.  apart.  The 
fines  or  undersize  goes  back  into  a  25-ft.  McLanahan 
stone  washer,  the  oversize  passing  on  to  a  moving 
grizzly  also  spaced  3  in.  apart  and  deposited  into  a 
drag  conveyor.  This  conveyor  carries  the  large  lumps 
to  a  slugger  roll  crusher.  Here  the  material  is  crushed 
to  3  in.  and  sent  into  the  log  washers,  making  a  uni- 
form feed  of  3  in.  and  under;  leaving  the 
logs,  the  material  passes  into  a  revolving  screen,  per- 
forations 2  in.;  the  undersize  passes  into  screen  No. 
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Crimora    Manganese    Mines,    Shewing    Excavator    and    Pit. 

2,  perforations  %  in.  and  1  in.  The  oversize  of  No.  1 
screen  is  elevated  to  a  picking  belt,  where  the  silica 
and  iron  is  removed  and  the  clean  ore  goes  over  the 
belt  into  the  ore  bin.  The  oversize  from  No.  2  screen 
is  elevated  to  a  picking  belt  No.  2,  following  the  same 
process  as  No.  1 ;  undersize  passing  into  screen  No. 
8,  perforations  3/32  in.  This  screen  acts  as  a  slime 
screen,  removing  all  of  the  slimes  before  the  material 
is  elevated  to  two  sets  of  4  compartment  McLanahan 
stone  jigs.  Flow  sheet  is  composed  of  two  separate 
units,  each  side  a  duplicate  of  the  other. 

It  has  been  found  through  recent  operations  that  a 
considerable  loss  of  ore  is  entailed  in  No.  3  screen. 
Therefore,  the  management  is  planning  an  additional 
unit  for  further  recovery.  In  connection  with  this  unit 
it  is  proposed  to  install  a  Dorr  thickener,  by  means 
of  which  approximately  60  per  cent  of  the  water  may 
be  reclaimed  for  further  use.  Also,  the  solids  made 
by  the  thickener  will  be  further  treated  in  the  addi- 
tional unit. 

The  mill  as  designed  and  installed  has  a  capacity 
for  treating  1,000  tons  of  material  per  10  hours.  The 
plant  as  designed  can  handle  over  100  tons  of  washed 
ore  daily.     A  recent  laboratory  test  of  the  material 


as  shown  up  in  the  excavator  gave  an  average  man- 
ganese yield  of  5.42.  This  yield  has  also  been  borne 
cut  by  recent  drillings  covering  the  area  tested  of  the 
known  Crimora  basin. 

The  main  milling  plant  consists  of  buildings  and 
bins,  in  three  sections,  66x150  ft.,  in  which  the  ore- 
bearing  material  is  received  at  a  100-ft.  elevation. 
The  entire  equipment  is  of  the  most  modern  and  sub- 
stantial character,  all  automatic  and  with  individual 
electrical  drives.  In  the  powerhouse  there  has  been 
installed  500-hp.  boiler  capacity,  Corliss  engine,  gen- 
erator, dynamos  and  auxiliary  machinery.  This  is 
housed  in  a  building  35x100  ft.  In  addition  there  has 
been  equipped  a  modern  machine  shop,  30x60  ft.,  and 
other  buildings. 

A  reservoir  has  been  erected  in  the  mountains  hav- 
ing a  storage  capacity  of  27,000,000  gal.  of  water.  The 
water   from  this   reservoir   is  conducted  to  the  mill 


Revoiving    Bins    and    Searchligiit    Tower. 

through  a  6,000-ft.  flume  line  under  a  140-ft.  head.  In 
addition,  another  reservoir  is  now  under  construction 
with  a  capacity  for  impounding  about  17,000,000  gal. 
of  water.  The  mill  as  designed  and  when  operating 
full  capacity  requires  about  1,000,000  gal.  of  water 
per  day,  which,  if  no  recovery  of  water  were  made, 
would  insure  maximum  operations  for  nearly  two 
months;  this  would  extend  through  the  most  prolonged 
period   of  drought  ever  experienced   in  that  section. 

The  refuse  from  the  mill  is  conducted  to  the  sedi- 
mentation basin,  which  receives  the  mill  run-oflf  and 
can  handle  1,500,000  gal.  of  water  per  day. 

The  entire  equipment  involves  an  investment  of 
some  $200,000,  which  of  course,  does  not  represent  the 
initial  purchase  price  of  the  property.  The  Crimora 
property  is  owned  by  the  Crimora  Manganese  Corpora- 
tion, 15  Broad  St.,  New  York  City.  William  L.  Hogg 
is  Chief  Engineer  and  Manager. 


Land  Reclamation  in  Texas.^The  citizens  of  Texas 
vote  en  Aug.  21  on  a  constitutional  amendment  pro- 
viding for  the  reclamation  of  overflow  lands,  irriga- 
tion of  arid  lands,  drainage,  etc.  About  35,000,000 
acres  of  land  will  be  affected.  The  average  present 
value  of  this  land  is  $5  to  $10  per  acre.  The  average 
reclaimed  value  named  by  the  State  Reclamation  De- 
partment is  $125  to  $150  per  acre,  these  figures  being 
based  on  actual  production  of  lands  that  have  been 
reclaimed. 


The  Secretary  of  the  Interior  has  asked  Congress 
for  an  additional  appropriation  of  $4,000,000  for  the 
Alaskan  railroad  construction  to  close  a  30-mile  gap 
on  the  main  line  from  Tidewater  at  anchorage  to 
Seward  and  open  up  the  Matanuska  coal  field. 
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Progress  on  Government  Alaskan 
Railway 

Of  the  1,000  miles  of  Government  railway  in  Alaska 
r.uthorized  under  the  act  of  1914,  150  miles  are  now 
in  operation  and  470  miles  of  main  line  from  Seward 
l3  Fairbanks  are  under  construction.  The  accompany- 
ing map,  issued  recently  by  the  U.  S.  Department  of 
t:'.e  Interior,  shows  the  construction  progress  to  date. 
The  primary  purpose  of  this  railway  system  is  to  de- 
velop the  mineral  resources  of  Alaska,  particularly 
its  coal. 

The  road  taps  two  large  coal  fields,  the  Matanuska 
and  the  Nenana.  The  coal  in  the  Matanuska  field  has 
been  tested  by  the  Navy  and  found  to  be  excellent  for 
steaming  purposes.     The   Nenana   coal   was   recently 


Map  Showing   Construction   Progress  on   Alaskan   Railway. 

tested  by  the  Bureau  of  Mines  and  found  to  be  a  fair 
jrrade  of  lignite.  It  is  estimated  that  the  supply  in 
both  of  these  fields  is  practically  inexhaustible.  By 
September  of  this  year  the  branch  line  will  be  com- 
pleted to  the  heart  of  the  Matanuska  coal  field. 
Dredging  is  under  way  at  Anchorage,  the  nearest 
tidewater  to  the  coal  fields,  in  order  that  deep 
draft  ocean  vessels  may  be  loaded  at  the  docks. 
When  thd  gap,  about  25  miles  in  length,  along 
Turnagain  Arm,  between  Anchorage  and  Seward,  is 
completed,  coal  can  be  shipped  from  the  latter  port. 
It  is  planned  to  close  this  gap  early  in  1918. 

The  Alaskan  Engineering  Commission  in  charge  of 
the  railroad  work  is  now  using  coal  mined  from  the 
Matanuska  field  in  the  construction  of  the  line.  Con- 
struction work  is  being  pushed  as  rapidly  as  possible, 
and  it  is  estimated  that  at  the  present  rate  Matanuska 
coal  can  be  delivered  for  the  needs  of  the  Navy  and 
for  general  use  on  the  Pacific  Coast  in  the  early  sum- 
mer of  1918. 

The  railroad  is  also  being  constructed  southward 
from  Fairbanks  to  tap  the  Nenana  field,  making  the 
coal  here  available  for  the  development  of  such  min- 
eral deposits  as  copper,  antimony,  and  gold  in  this 
part  of  the  country.  Mining  here  is  practically  at  a 
standstill,  owing  to  the  lack  of  suitable  fuel.  The 
Nenana  coal  will  also  be  made  available  for  use  on 
the  railroad  locomotives  and  on  the  river  steamers 
of  the  interior. 


A  260  Ton  Electric  Locomotive 

The  first  of  the  standard  type  of  high-powered  elec- 
tric freight  engine  of  the  Pennsylvania  R.  R.  has 
been  placed  in  initial  service  on  the  electrified  por- 
tion of  the  main  line  e.xtending  west  from  Philadel- 
phia to  Paoli,  Pa.  The  important  field  of  application 
of  this  locomotive  will  be  hauling  the  heavy  freight 
trafliic  of  the  road  over  the  Allegheny  Mountains  be- 
tween Altoona  and  Johnstown,  Pa.,  including  the 
Horseshoe  Curve,  a  distance  of  about  40  miles.  The 
traffic  over  this  division  is  unusually  heavy,  amount- 
ing to  as  much  as  300,000  tons- a  day.  The  grades  are 
unusually  steep  and  electrification  will  greatly  facili- 
tate the  movement  of  freight  tonnage  over  this  grade. 
Eastbound  trains  of  6,400  tons  weight  will  be  hauled 
by  one  engine  pulling  and  one  pushing  at  a  speed  of 
over  20  miles  an  hour. 

The    locomotive    is   of   the   familiar   side-rod   type. 


built  in  one  unit,  with  the  cab  extending  over  the  two 
trucks.  Each  truck  has  six  60-in.  driving  wheels,  and 
has  mounted  on  each  two  induction  motors.  The  two 
motors  on  each  truck  are  geared  to  a  spring-geared 
jackshaft,  which  in  turn  is  connected  to  the  driving 
wheels  by  means  of  the  slide  rods.  Single-phase  cur- 
rent is  supplied  from  the  trolley  wire  at  11,000  volts 
to  the  transformers  which  reduce  it  to  a  lower  volt- 
age. From  here  it  is  delivered  to  converter  which  in 
turn  changes  the  energy  into  three-phase  current  for 
application  to  the  induction  motors. 

The  weight  of  the  locomotive  is  260  tons  and  the 
length  is  76  ft.  It  'is  designed  for  normal  running 
speed  of  20.8  miles  per  hour,  which  is  considered 
sufficiently  high  for  the  mountainous  country,  steep 
grades  and  heavy  traffic  to  be  encountered.  A  speed 
of  10.3  miles  per  hour,  obtained  by  connecting  the 
motors  in  "cascade"  is  used  for  slow  movements,  such 
as  around  the  yards.  The  control  is  effected  in  a 
very  simple  manner  by  the  use  of  water  rheostats. 
With  such  success  has  this  control  been  worked  out, 
power  can  be  applied  so  gradually  as  to  enable  the 
engine  to  start  a  long  train  without  any  jerks. 

The  locomotive  is  the  joint  design  of  the  Penn- 
sylvania R.  R.  Co.  and  the  Westinghouse  Electric  & 
Manufacturing  Co.  The  mechanical  parts  were 
erected  at  the  Juniata  shops  of  the  railroad  company 
at  Altoona,  Pa.,  and  the  electrical  equipment  built  at 
the  East  Pittsburgh  shops  of  the  Westinghouse  Co. 
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How  to  Splice  Rope 

The  following  directions  for  making  splices  in  ropes 
are  taken  from  a  circular  issued  recently  by  the  Na- 
tional Safety  Council: 

Short  Splice  (see  Fig  1).  First  unlay  the  strands 
of  each  rope  to  a  convenient  length  and  butt  together 
the  rope  ends  (see  Fig.  2)  having  each  strand  of  one 
rope  lie  between  the  two  consecutive  strands  of  the 
other  rope.  The  strands  of  one  rope  should  be  drawn 
along  the  second  rope  and  grasped  in  one  hand.  Then 
weave  the  free  strands  of  the  second  rope  in  the 
strands  of  the  first  rope,  working  in  a  direction  op- 
posite to  the  twist  of  the  rope.  Similarly  weave  the 
strands  of  the  first  rope,  and  after  continuing  the 
process  as  far  as  desired,  cut  off  the  loose  ends  of 
strands.  By  cutting  out  a  few  fibers  of  a  strand 
each  time  it  is  worked  through  the  rope,  the  splice 
may  be  neatly  tapered.     The  splice  should  be  made 


Figs.    1-4. — Methods    of    Making    Splices. 

smooth  and  compact  by  rolling  under  the  foot  or  a 
board. 

Long  Splice  (see  Fig.  3).  Butt  the  rope  ends  to- 
gether as  described  in  making  short  splice  (Fig.  2). 
Unlay  a  strand  of  one  rope  to  any  desired  length  and 
lay  in  its  place  the  nearest  strand  of  the  other  rope, 
tying  or  tucking  in  the  ends.  Do  the  same  with  an- 
other pair  of  strands  in  the  opposite  direction.  The 
remaining  pair  of  strands  is  split  so  that  half  is  laid 
in  one  direction  as  above,  the  other  half  being  laid  in 
the  opposite  direction. 

Eye  Splice  (see  Fig.  4).  Unlay  the  end  of  rope  to 
a  convenient  length.  Pass  a  loose  strand  between 
strands  of  the  rope  at  a  point  that  will  make  the  proper 
sized  eye.  Pass  the  other  loose  strands  between  ad- 
jacent strands  of  the  rope  and  proceed  as  in  making 
a  short  splice. 


St.  Louis  Items 

J.  B.  Newman,  Waverly,  Ark.,  has  some  wheeler  and  wagon 
work  to  let. 

Dudley  Smith  got  in  on  a  nice  grading  contract  the  other 
day   at    Benton,    111. 

McMillen  Contracting  Co.,  SawyerviJle,  111.,  want  to  rent  a 
grader  for  a  short   time. 

Frank  McCabe  is  doing  bridging  on  the  Gulf.  Mobile  and 
Northern   R.   R.  at  Jackson,   Tenn. 

H.  E.  Kewitt  is  finishing  his  grading  job  near  Creal  Springs, 
III.      Wants  work    for  his    T-team   outfit. 

Lameroux  Bros,  expect  to  finish  their  State  Aid  water-bound 
macadam    load   near   Bloomirgton.    111.,    shortlv. 

Cameron.  Joyce  &  Co.  have  their  outfits  at  work  on  39 
miles   of   State   Aid   road   work   in    Northern   Illinois. 

L.  Gray.  4422  Gibson  Ave..  St.  Louis.  Mo.,  will  have  his  9 
teams,   engine  and  grader  outfit   idle   within   a  week. 

John  Higgins,  3929  Morganford  Road.  St.  Louis.  Mo.,  wants 
to  put  two  teams  to  work  on  a  grading  job  in  this  neighborhood. 

Maney  Bros..  Oklahoma  City.  Okla..  were  awarded  C2  miles 
of  grading  between  Owen  and  Fairfax,  Okla.,  by  the  Santa 
Fe.   R.    R. 

T.  W.  Blythe  of  Blythe  Bros,  was  here  the  other  dav  hunt- 
ing work  lor  their  2o-t^am  outfit  that  will  be  idle  at  Tama, 
la.,    in   a  few   days. 

R.  M.  Davies.  727  'V\'alton  .\ve..  St.  Louis.  Mo.,  has  finished 
his  grading  job  in  Southern  Illinois.  Is  in  the  market  for  work 
for  his  10-team  outfit. 

J.  W.  Skinner,  an  old  time  contractor,  is  open  for  a  situation 
to  take  charge  of  a  contractor's  outfit,  grading  or  bridge  work. 
Wood  River.  111.,   will  catch  him. 


Contractors  when  in  want  of  work  or  labor  tor  their  out- 
fits write  Koenigs  Labor  Agency,  612  Walnut  St.,  St.  Louis, 
Mo.,    or   ,=>03   Dalaware   St.,    Kansas    City,    Mo. 

Stresenreuter-Cotton  &  Co.,  S60  Old  Colony  Bldg.,  Chicago,  111., 
have  taken  some  work  from  the  Walsh  Const.  Co.  on  the  Illi- 
nois   Central    R.    R.    near    Dawson    Springs.    Ky. 

Mulvill  Bros.,  Alton,  111.,  were  awarded  the  contract  for 
building  an  extension  to  the  street  car  line  in  Alton.  HI.  They 
also  have  several  nice  pieces  of  grading  to  sublet  in  Alton. 

Clarence  Mitchell,  Supt.  in  charge  of  Smith  &  Hannan's 
work  at  DeWitt.  Mo.,  reports  this  job  finished  and  moving  one 
of  their  shovel  outfits  on  to  a  new  job  of  the  Wabash  R.  R.  at 
Meredosia,   111. 

The  J.  J.  McCaughey  Co.  were  awarded  another  40.000  yards 
of  machine  work  on  the  Burlington  R.  R.  near  West  Frank- 
fort. 111.  They  went  to  sublet  this  piece.  Will  furnish  trans- 
portation  on    the   Burlington   R.    R.    east    of    Missouri    River. 

L.  J.  Smith  Const.  Co..  Commerce  Bldg..  Kansas  City,  Mo. 
were  awarded  the  contract  for  17  miles  of  new  work  on  the 
Illinois  Central  R.  R..  between  Diwson  Springs  and  Providence, 
Ky.  They  have  some  steam  shovel  and  rock  work  to  let  on 
this    job. 

C.  L.  Dolman.  Topeka.  Kansas,  has  ISO, 000  yards  of  machine, 
wheel  and  drag  scraper,  also  fresno  work  to  sublet  on  the  Santa 
Fe  R.  R.  between  Floyd  and  Camden,  Mo.  Dolman  has  opened 
a  branch  office  in  Floyd,  Mo.,  where  he  will  have  a  representa- 
tive  to   show   contractors   over   this   work. 

Smith  &  Hannan  were  awarded  three  nice  pieces  of  work 
on  the  Wabash  R.  R.  at  Decatur.  Meredosia  and  F'orrest.  111. 
Can  use  several  team  outfits  on  this.  Free  transportation  over 
Wabash  R.  R.  for  outfits  and  labor.  This  finn  also  has  some 
elegant  steam  shovel  work  on  the  Illinois  Central  R.  R.  in 
Kentuckv  to  sublet  with  free  transportation  over  the  Illinois 
Central  R.  R.  Address  them  Boatsman  Bank  Bldg.,  St.  Louis, 
Mo.,   or  Commerce  Bldg.,   Kansas   City,   Mo. 


Personals 

George  Gerhard  has  been  appointed  city  engineer  of  Anacortes, 
Wash. 

Walter  W.  Marr  has  been  reappointed  chief  highway  engmeer 
of   the   Illinois    State   Highway   Department. 

F.  B  Taplev,  heretofore  assistant  engineer  Canadian  Govern- 
ment Railways  at  Moncton.  N.  B..  has  been  appointed  assistant 
engineer   of   main   maintenance,    all   lines. 

T.  J.  Wilkerson,  formerlv  division  engineer  of  the  Department 
of  Public  Works  of  Pittsburgh.  Pa.,  has  been  appointed  Chief 
Engineer  of  the  Penn  Bridge  Co.,  Beaver  Falls,  Pa. 

T.  J.  Wright  has  opened  offices  in  Seattle,  Wash.,  where  he 
will  engage  in  a  general  consulting  practice.  Mr.  Wright, 
formerly  was  county  engineer  of  Benton  County.  Washington. 

J.  F.  Deimling,  assistant  chief  engineer  of  the  Michigan 
Central  Ry..  will  act  as  chief  engineer  during  the  absence  of 
George  H.  Webb,  who  has  been  commissioned  lieutenant-colonel 
in    the    Gth    Engineer    Regiment,    National    .-^rmy. 

Henrv-  G.  Lehrbach.  C.  E.,  has  been  appointed  and  confirmed 
assistant  civil  engineer  in  the  navy.  Mr.  Lehrbach  was  ap- 
pointed from  civil  life,  one  of  twenty-five  such  appointments 
made  bv  the  President  on  June  21.  He  is  a  graduate  of  the 
School  of  Engineering  of  Cornel!  University  and  for  a  time 
was  connected  with  state  highway  work  in  New  York,  resign- 
ing in  1915  to  join  the  engineering  staff  of  the  Dunn  Wire-Cut 
Lug  Brick  Co.  of  Conneaut.  O.  He  was  Division  Engineer  of 
the  Atlanta,  Ga.,  division  for  a  time,  but  later  was  transferred 
to  the  district  having  headquarters  at  Columbus,  C.  a  position 
lie  was  filling  when  he  received  his  appointment  to  the  civil 
engineering  corps  of  the  navy. 


Obituaries 

R.  J.  Moscrip,  formerly  chief  engineer  of  the  Nashville  & 
Knoxville  R.  R..  died  July  ist.  Nashville.  Tenn..  aged  74  years. 

Zachary  Taylor  Herndon,  Civil  Engineer  and  Railroad  Builder, 
died  at  Akron,  Ohio.  June  2Sth.  aged  71  years.  He  spent  fifty 
years  in  the  practice  of  his  profession,  mostly  on  surveys  and 
construction  of  railroads,  and  served  as  Chief  Engineer  during 
the  building   of  many  roads  in   the  West  Middle   States. 
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Industrial  Notes 

J.  H.  McKelvey  has  been  appointed  sales  manager  of  the 
Laclede-Christy  Clay  Products  Co..  St.  Louis,  Mo.,  vice  H.  K. 
Lackland,    resigned. 

The  Medora  Shale  Brick  Co..  Medora,  Ind..  of  which  N.  V. 
Trautman  is  president,  has  joined  the  family  of  licensees  of 
the  Dunn  Wire-Cut  Lug  Brick  Co.,  of  Conneaut,  O.  The  addi- 
tion of  the  Medora  comp.tny  gives  Ihe  Dunn  company  4G  licensees, 
operating   71   plants   in    12   states. 

J.  H.  Flynn  has  been  appointed  manager  of  the  Bucket  De- 
partment of  the  Blaw-Knox  Co.,  Pittsburgh.  Fa.  Mr.  Flynn  is  a 
graduate  of  Boston  Tech,  of  the  class  of  1905.  After  graduation 
he  went  to  Panama  as  a  draftsman  for  the  Isthmian  Canal 
Commission:  was  later  made  Chief  Draftsman,  and  shortly  after. 
Mechanical  Engineer,  serving  the  Government  through  the 
period  of  heavy  construction  until  1911.  During  the  past  six 
years  Mr.  Flynn  has  been  connected  with  the  Lines-Flynn 
Co..  of  New  York  City,  handling  a  general  line  of  contractors' 
equipment. 

The  Walter  A.  Zelnicker  Supply  Co.  and  affiliated  com- 
panies are  now  represented  in  the  Birminsham  district  by 
Thomas  .\.  Hamilton,  who  for  the  past  fourteen  years  has  been 
connected  with  the  Crane  CTompany,  prior  to  which  he  was  su- 
perintendent of  the  East  St.  Louis  plant  of  the  Zelnicker  Car 
Works.  Mr.  Hamilton  will  have  charge  of  both  buying  and 
selling  in  the  southeastern  territorv.  Mr.  Hamilton's  office  will 
be  at  lOlS  WoodT^ard  Bldg.,  Birmingham.  .\ia.  The  Zelnicker  Co. 
also  has  secured  the  services  of  W.  H.  Dayton  as  City  Salesman 
at  St.  Louis.  Mr.  Dayton  was  formerly  with  the  Railroad  Supply 
Co..  Chicago.  Illinois,  as  Secretary  and  Purchasing  Agent;  also 
their  eastern  representative  for  'five  years.  He  came  to  St. 
Louis  seven  years  ago  representing  the  same  firm  and  that  of 
the  Chicago  Signal  &  Supply  Co.,  and  the  Elyria  Iron  &  Steel 
Co.,    manufacturers   of    signal    and    track    maintenance    materials. 
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Heat  Radiation  and  Conduction 
Losses  in  Buildings 

In  our  last  Building  and  Structural  monthly  issue 
an  article  by  the  editor  gave  formulas  for  calculating 
heat  losses  through  walls  and  windows  by  conduction 
and  convection.  The  statement  was  also  made  that 
to  the  conduction  and  convection  loss  must  be  added 
the  loss  by  radiation  from  the  outer  surface.  In  a 
subsequent  issue  a  full  discussion  of  radiation  will 
be  given,  but  it  may  be  well  now  to  state  that  for 
building  walls  and  for  windows  the  heat  loss  by  radi- 
ation is  practically  equal  to  the  loss  by  conduction 
and  convection. 

The  formula  for  radiation  loss,  where  the  external 
temperature  is  low   (that  of  the  air)   and  where  the 
temperature  drop  between  the  surface  and  the  air  is 
small  is: 
H  =  1.09e  (t— t") 

H  =  B.t.u.  per  square  foot  per  hour 
e  =  emissivity  or  coefficient  of  radiation, 
t  =:  temperature  of  the  surface  in  degrees  Fahrenheit, 
t"  =  temperature  of  the  external  air. 

The  value  of  e  is  about  0.9  for  glass  and  is  but 
slightly  different  for  brick,  stone,  concrete  and  wood. 

In  many  books  the  word  "conduction"  is  carelessly 
used  to  include  radiation;  and  in  some  books  the  word 
■"radiation"  is  used  to  include  conduction.  A  careful 
writer  who  fully  understands  heat  transfer  phenom- 
ena uses  the  word  radiation  to  denote  only  that  part 
of  the  heat  that  is  transferred  by  radiant  action  from 
the  surface,  and  does  not  include  that  part  that  is 
removed  fro.n  the  surface  by  the  action  of 
In  view  of  the  carelessness 
as  of  many  experimenters 
know  the  exact  method  by 
"conduction"  loss  was  ob- 
tained. If  on  the  side  of  the  solid  expos-ed  to  the 
lower  temperature  there  was  water,  then  there  could 
have  been  no  radiation ;  and  in  that  case  the  "coef- 
ficient of  conductivity"  does  not  include  radiation.  But 
if,  in  the  test,  the  outer  surface  was  exposed  to  the 
air,  it  is  altogether  likely  that  the  experimenter  in- 
cluded radiation  in  his  derived  "coefficient  of  conduc- 
tivity." Even  in  such  a  carefully  written  and  recent 
book  as  "The  Mathematical  Theory  of  Heat  Conduc- 
tion" by  Ingersoll  and  Zabel,  the  blunder  is  repeatedly 
made  of  using  a  "coefficient  of  conductivity"  that  in- 
cludes radiation. 

For  more  than  a  century  problems  of  heat  transfer 
have  occupied  the  attention  of  physicists  and  engi- 
neers, and  a  vast  amount  of  data  has  been  accumu- 
lated.    Nevertheless,  no  book  gives  even  an  approxi- 


the  currents  of  air. 
of  writers  as  well 
It  is  important  to 
which     a      so-called 


mately  complete  discussion  of  the  seemingly  simple 
problems  of  heat  transfer  through  the  walls  of  build- 
ings, to  say  nothing  of  some  of  the  more  complex 
problems.  The  book  above  quoted  is  good  in  some 
respects,  but  its  failure  to  discuss  radiation  makes  it 
quite  misleading.  Preston's  "Heat"  is  somewhat  bet- 
ter because  radiation  is  discussed,  but  it  fails  to  dis- 
cuss the  combined  heat  loss  by  radiation  and  convec- 
tion. 

Considering  the  innumerable  problems  iHvolving 
heat  transfer  it  is  little  short  of  amazing  that  most 
engineers  are  still  in  such  a  general  state  of  ig- 
norance. Not  a  single  "engineer's  pocketbook" — in- 
cluding Kent's — is  a  trustworthy  guide. 


How  Many  Practising   Engineers 
Study  Physics 

Civil  engineering,  and  particularly  structural  engi- 
neering, is  based  largely  on  a  knowledge  of  physics. 
The  fundamental  theory  of  elasticity,  for  example,  has 
been  developed  by  mathematical  physicists.  The  the- 
ory of  heat  transfer  is  also  the  work  of  mathematical 
physicists.  Engineers,  it  is  true,  have  occasionally 
been  physicists  of  renown.  In  fact  the  eminent  early 
engineers,  of  whom  Rankine  was  an  excellent  type, 
were  often  even  more  familiar  with  "pure  science" 
than  with  "applied  science." 

In  recent  times,  and  particularly  in  America,  civil 
engineers  have  generally  regarded  pure  science  as 
a  study  to  be  dropped  immediately  after  graduation. 
We  fear  that  this  tendency  has  been  carried  to  ex- 
tremes. Certainly  American  civil  engineers  have 
made  few  noteworthy  additions  to  the  fundamental 
theory  of  design  of  structures  during  the  last  gen- 
eration. Is  it  because  all  that  physicists  have  discov- 
ered is  now  used  as  effectively  as  possible  by  civil 
engineers?  If  anyone  is  inclined  to  give  an  affirma- 
tive answer,  let  him  first  go  to  any  good  scientific 
library  and  spend  an  hour  or  two  each  night  for  a 
week  voyaging  in  the  sea  of  physical  literature.  We 
venture  to  say  that  after  such  an  excursion  there  will 
be  few  who  will  assert  that  they  have  seen  no  new 
facts  or  theories  that  might  be  used  in  engineering 
practice. 

Not  long  ago  the  editor  made  such  an  excursion  out 
of  the  beaten  lanes  of  engineering — following  a  habit 
formed  years  ago  while  a  college  student — and  after 
a  few  hours'  study  he  came  upon  several  physical 
facts  that  were  obviously  applicable  in  civil  engineer- 
ing. Incidentally  he  read  some  physical  tests  that 
were  made  77  years  ago  which,  had  they  been  care- 
fully considered  by  any  engineer,  might  have  led  to 
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the  invention  of  the  "gas-filled"  or  nitrogen  incandes- 
cent lamp  long  before  it  was  invented.  We  refer  to 
an  experiment  by  Dr.  Andrews  (Proc.  Royal  Irish 
Academy,  1840),  by  which  it  was  shown  that  a  plati- 
num wire  heated  by  electricity  is  less  brilliant  in  a 
vacuum  than  in  the  air.  We  venture  to  say  that  had 
Edison  known  this  fact,  he  would  never  have  rested 
content  with  his  original  carbon  filament  in  an  air- 
exhausted  bulb. 

Engineering  is  the  application  of  science.  How 
many  of  us  are  seeking  to  advance  engineering  by 
searching  the  records  of  physical  tests  and  by  study- 
ing the  theories  of  physicists?  Not  a  great  number, 
we  fear. 


Which  Is  Preferable:  Engineering 

Government  or  Representative 

Government? 

Never  were  the  defects  in  "representative  govern- 
ment" more  apparent  than  now.  Wrangling  Congress- 
men have  been  obstructing  the  passage  of  the  food 
bill  for  weeks.  Those  who  represent  agricultural  dis- 
tricts are  fearful  that  if  the  power  of  price  regula- 
tion is  placed  in  Hoover's  hands,  their  constituents 
may  cease  making  exorbitant  profits.  Those  who  rep- 
resent city  districts  are  mainly  against  the  granting 
of  a  power  that  will  curtail  the  supply  of  beer  for 
their  constituents.  And  so  it  goes,  just  as  it  has  been 
going  for  generations  in  Congress — district  against 
district,  interest  against  interest,  with  unity  in  but 
one  matter,  namely,  that  all  will  fight  to  the  la.st  ditoh 
against  selecting  an  impartial  arbitrator. 

In  Hoover,  the  mining  engineer,  the  public  sees 
a  man  not  only  competent  to  handle  the  food  problem, 
but  entirely  free  from  allegiance  to  any  class  or  sec- 
tion in  America — apparently  an  ideal  administrator 
and  arbitrator.  But  the  nation's  representatives  are 
not  in  search  of  such  a  person.  Theirs  is  the  time- 
dishonored  practice  of  "log  rolling"  and  trading  with 
one  another,  the  petty  political  bargaining  amid  a 
welter  of  words,  threats  and  abuse — the  sort  of  thing 
we  have  come  to  know  as  "politics." 

Perhaps  it  is  well  that  the  nation  is  now  getting 
a  choking  dose  of  this  nauseating  medicine.  It  may 
serve  to  accelerate  a  long-needed  change  in  our  form 
of  government,  whereby  we  shall  pass  from  sectional 
and  class  representative  government  to  a  government 
of  engineering  management. 

The  "city  manager"  form  of  municipal  government 
is  typical  of  engineering  management  of  political  af- 
fairs. The  aldermanic  and  mayoral  form  of  govern- 
ment is  typical  of  the  representative  form,  v/hich  is 
doomed  to  extinction  in  all  our  cities.  For  precisely 
the  same  reasons  that  representative  government  is 
an  economic  failure  in  our  cities,  it  is  a  failure  in  our 
separate  states  and  in  the  United  States. 

While  it  is  true  that  the  quality  of  any  government 
depends  on  the  men  in  power,  it  is  equally  true  that 
it  is  also  dependent  on  their  personal  disinterested- 
ness in  the  effects  of  their  actions,  further  than  as  it 
redounds  to  their  credit  to  secure  the  maximum  ef- 
ficiency or  economy  for  the  community  as  a  whole. 
This  last  named  condition  is  ignored  by  the  advocates 
of  the  continuance  of  our  old  forms  of  government, 
and  they  "play  up"  the  other  factor,  namely,  the  qual- 
ity of  the  men  in  oflice.  Those  who  believe  that  en- 
gineers should  be  selected  for  public  office  on  the 
score  of  quality  of  character  and  desirable  knowl- 
edge might  accept  any  challenge  to  debate  on  this  mat- 


ter, but  they  would  err  grievously  if  they  did  not  in- 
sist that  quality  is  not  the  only  essential  of  an  office- 
holder, for  freedom  from  allegiances  is  also  essential. 
Civil  engineers  should  take  increasing  interest  in 
political  aff'airs,  and  always  with  the  ultimate  aim 
of  substituting  engineering  government  for  represen- 
tative government. 


What  Can  Be  Done  to  Restrict  the 
Use  of  the  Title  Engineer? 

One  of  our  readers  has  sent  us  a  newspaper  clip- 
ping headed:  "Engineers  Likely  Will  Lose  Jobs."  The 
"engineers"  referred  to  are  marine  enginemen.  Our 
reader  pertinently  asks  why  these  men  should  be 
called  engineers. 

In  England  the  old  word  "engineman"  is  used  to 
designate  those  who  operate  engines.  But  in  America 
it  became  the  early  practice  to  call  enginemen  engi- 
neers. In  the  absence  of  organized  societies  of  engi- 
neers no  adequate  protest  was  made  against  the  usurp- 
ation of  this  professional  title  by  mechanics;  so  now 
it  will  be  no  easy  matter  to  efi'ect  a  change.  Never- 
theless, we  believe  that  engineers  should  use  their  in- 
dividual as  well  as  their  collective  energy  to  bring 
about  a  restriction  of  the  word  "engineer"  to  those 
who  are  professionally  entitled  to  it. 

We  suggest  that  our  readers  can  individually  aid  in 
this  plan  by  never  failing  to  write  to  the  editor  of  a 
daily  paper  in  which  enginemen  are  spoken  of  as  en- 
gineers, asking  the  editor  to  assist  in  maintaining  the 
original  titular  distinction  between  these  two  classes 
of  men. 

We  also  suggest  that  societies  of  railway  engineers 
should  try  to  persuade  railway  officials  to  drop  the 
use  of  the  word  engineer  as  a  designation  of  locomo- 
tive drivers.  The  brotherhood  of  locomotive  engi- 
neers might  object  to  an  attempt  to  change  their  title, 
but  it  is  likely  that  even  they  would  not  insist  upon 
retaining  a  name  that  leads  to  confusion.  Certainly 
many  of  them  have  already  ceased  automatically  to  be 
"locomotive  engineers"  and  have  become  "motormen" 
on  "electric  locomotives." 

One  of  the  desirable — though  perhaps  not  imme- 
diate— results  that  will  flow  from  the  passage  of  state 
laws  licensing  engineers  will  be  restrictions  placed 
upon  the  use  of  engineering  titles.  To  our  way  of 
thinking,  this  result  would  alone  justify  the  passage 
of  licensing  laws. 

In  writing  articles  and  books  it  has  long  been  the 
practice  of  the  editor  never  to  apply  the  word  engi- 
neer to  an  engineman.  Similar  care  on  the  part  of 
other  engineers  will  aid  in  restoring  the  ancient  and 
reasonable  distinction  between  these  two  names. 


Outlook    for    Building     Activity 

Although  the  immediate  effect  of  our  entering  the 
world  war  in  April  was  a  decrease  of  about  one-third 
in  building  permits  in  cities,  it  is  becoming  evident 
that  this  was  more  the  result  of  a  war  scare  than  of 
any  well  reasoned  conclusion  that  it  would  be  econom- 
ic to  reduce  building  operations. 

Mr.  S.  M.  Fechheimer  says  editorially  in  the  June 
issue  of  "Modern  Building": 

Our  country  is,  underbuilt  in  practically  every  direction  vre 
turn.  In  our  cities  there  are  not  enough  residences,  as  is 
proven  by  the  uniformly  high  scale  of  rentals.  Our  manufac- 
turers have  not  been  able  to  keep  up  with  the  demand  for  prod- 
ucts for  bcth  domestic  and  military  uses,  and  will  require  in- 
ci(T"ed    facilities.      This    mesns    more    buildings.      The    conditions 
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among  railroads  are  so  apparent  to  everyone  as  to  require  very 
little  comment.  Our  transportation  facilities  are  woefully  in- 
adequate, and  must  be  expanded  widely  to  take  care  of  our 
countr>''s  needs.  This  will  mean  not  (5nly  new  equipment  but 
new   buildings    of   all   kinds. 

In  comnercial  life,  hundieds  of  new  buildings  will  be  re- 
quired. Warehouses  in  groat  number  will  be  needed  to  store 
goods  of  all  kinds,  as  merchants  and  supply  men  cannot  depend 
on  hand-to-mouth  buying,  but  must  store  their  goods  when  they 
can  get  them.  This  applies  not  only  to  food  supplies,  which  nnust 
be  conseiwed  as  never  before,  but  also  to  all  general  lines  of 
merchandise. 

So  we  say  with  utmost  confidence  to  the  building  world — 
cease  talking  and  worrying  about  what  are  the  prospects  for 
building.  Instead,  turn  your  energies  to  the  marshalling  to- 
gether of  your  building  forces  and  equipment.  Be  prepared  to 
be  as  busy  as  you  care  to  be,  and,  above  all,  arrange  your  organ- 
ization to  handle  the  maximum  of  work  with  the  utmost  efficiency, 
as  one  of  your  mcst  difficult  problems  will  be  to  secure  adequate 
and    competent   labor. 


What  Are  the  Engineering  Col- 
leges Doing  to  Recruit 
Their  Classes? 

Many  engineering  students  will  join  the  army,  and 
so  will  many  young  men  who  had  planned  to  enter 
engineering  colleges.  Who  will  take  their  places? 
Are  we  to  witness  a  marked  falling  off  in  engineering 
classes?  What  is  being  done  to  prevent  the  falling 
off  that  seems  imminent? 

At  Washington  the  other  day,  in  an  address  to  the 
Society  for  the  Promotion  of  Engineering  Education, 
Secretary  of  War  Baker  said: 

Nobody  knows  how  long  this  war  is  going  to  last,  but  we 
do  know  that  when  the  war  is  over  the  rehabilitation  of  a 
stricken,  if  not  raraly/:ed  civilization,  is  going  to  he  a  long- 
drawn-out  and  uphill  task  and  there  will  be  need  on  every  hand 
for  trained  minds,  for  trained  and  schooled  men.  The  day  of 
the  engineer  will  be  indeed   the  big   day. 

Every  one,  we  believe,  will  agree  with  this  state- 
ment, but  what  are  the  engineering  colleges  doing  to 
build  up  their  classes?  Now  is  the  time  for  an  inten- 
sive publicity  campaign  to  recruit  freshman  engineer- 
ing classes;  but  we  see  no  publicity  at  all.  When  will 
our  colleges  adopt  business  methods? 


We    Need   an   Engineering    Billy 
Sunday  in  Our  Midst 

Several  engineering  societies,  including  the  Amer- 
ican Society  of  Civil  Engineers,  have  canceled  their 
annual  meetings.  We  have  previously  questioned  the 
wisdom  of  such  action,  and  are  glad  to  observe  that 
we  are  not  alone  in  believing  that  technical  societies 
should  not  lessen  their  activities.  Dr.  Colin  G.  Fink, 
president  of  the  American  Electro-Chemical  Society, 
says : 

Meetings  of  scientific  and  technical  societies  have  ever  served 
a  great  stimulus  for  their  members  and  have  been  a  "clearing 
house"  for  many  of  the  best  thoughts  and  ideas  of  our  pro- 
fessional   men. 

Let  us  follow  the  good  example  set  as  by  England.  Let  us 
encourage  rather  than  discourage  the  holding  of  scientific  meet- 
ings in  these  war  times.  When  England  found  herself  con- 
fronted with  a  very  serious  shortage  of  sulphuric  acid,  glass, 
dyes,  electrodes,  brass,  furnaces,  etc.,  the  scientific  societies 
arranged  symposiums  on  these  subjects  and  not  only  invited 
all  of  the  members  to  attend  but.  further,  urged  those  factory 
men  who  were  not  members  to  come  to  the  meetings  to  give 
their  views  and  experiences  and  to  learn  all  they  could  in  re- 
turn. 

Just  as  a  large  business  corporation  depends  upon  the  or- 
ganized effort  and  efficiency  of  the  several  units  and  depart- 
ments, so  does  our  government,  now  more  than  ever,  look  to  the 
organized  concerted  effort  of  its  large  engineering  bodies  for 
quick  and  efficient  results.  Let  us  continue  holding  our  meet- 
ings and   hold   them   more   frequently   than    ever  before. 


Isn't  the  very  suggestion  that  an  engineering  so- 
ciety should  "shut  up  shop,"  even  temporarily,  a  tacit 
admission  that  collective  engineering  activity  is  of 
no  great  importance?  If  engineering  methods  do  ad- 
vance efficiency,  is  there  not  more  reason  for  them 
now  than  ever?  When  has  the  nation  had  a  greater 
need  of  efficiency  than  during  these  days? 

Come,  let  us  civil  engineers  collectively  arouse  our- 
selves. We  have  too  long  meandered  our  professional 
paths  in  single  file.  We  need  to  get  together  and  to 
stimulate  one  another,  now  more  than  ever.  There  is 
not  half  enough  enthusiasm,  nor  a  quarter  enough 
imaginative  vision,  in  us  as  a  class.  We  need  a  few 
engineering  Billy  Sundays  in  our  midst,  and  we  need 
them  now. 


Relative  Efficiency 

To  the  Editor:  Efficiency  is  only  relative.  The 
writer  had  this  -very  forcibly  presented  to  him  by 
visits  to  two  very  dissimilar  construction  jobs  in  one 
week.  One  was  an  aviation  camp  where  every- 
thing was  subordinated  to  speed.  The  purchasing 
department  was  instructed,  regardless  of  cost,  to 
telephone  if  possible,  wire  otherwise,  only  use  the 
mails  if  unavoidable.  Material  came  by  express  or 
parcel  post.  Promises  of  delivery  had  to  be  kept  or 
future  business  lost.  Of  course  orders  were  dupli- 
cated and  express  charges  ran  into  big  figures.  The 
organization  worked  at  high  pressure  and  had  to  be 
highly  paid.  There  was  considerable  expected,  but 
a  camp  housing  90  aeroplanes,  repair  shops,  work- 
men and  with  buildings  for  officers  and  men,  was 
built  in  a  month  at  a  cost  of  nearly  a  million. 

The  other  job  was  a  much  bigger  one.  Heavy 
equipment  was  to  be  used.  Several  years  would  be 
taken  in  executing  this  work.  Careful  attention  was 
given  to  buying  even  the  minor  details  of  the  plant 
and  equipment.  An  older  and  larger  and  more  per- 
manent organization  handled  the  work.  Delays  did 
not  appear  to  be  serious.  But  in  times  of  rapidly 
advancing  prices  this  careful  consideration  resulted 
in  options  being  lost,  because  the  quotations  had 
to  be  studied  by  several  men.  Even  when  accepted 
in  time,  delivery  dates  were  advanced  considerably 
and  frequently  out  of  proportion  to  the  time  taken 
in  consideration.  These  disadvantages  have  to  be 
balanced  against   the   more   perfect  organization. 

Unit  costs  under  both  systems  are  not  available 
and  might  be  of  small  value  in  any  case.  Personal 
observation  would  lead  to  the  conclusion  that  the 
high  pressure  under  which  the  aviation  camp  was 
built  made  for  economy  in  labor  which  offset  very 
considerably  high  transportation  costs,  etc.  In  the 
heavy  construction  job  the  careful  consideration  of 
costs  resulted  in  some  losses  and  there  was  consid- 
erably more  "red  tape." 

Both  organizations  were  efficient.  The  two  could 
not  have  been  interchanged,  but  each  could  learn 
much  from  the  other's  methods.  The  interesting 
fact  about  the  whole  experience  was  the  conviction 
that  the  two  organizations  were  on  a  par  as  regards 
actual  efficiency,  considering  results  and  time  avail- 
able. 


The  government  will  e.xpend  over  $50,000,000  for 
terminal  storage  areas  at  or  near  seaboard.  Each  of 
these  areas  probably  will  be  at  least  2,000  acres  in 
extent. 
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Construction  and   Structural  Fea- 
tures of  Cantonments  for  New 
National  Army 

Construction  is  now  under  way  on  the  16  canton- 
ments for  the  new  national  army.  The  main  features 
of  these  training  camps  are  outlined  in  the  following 
notes.  It  should  be  understood,  however,  that  many 
of  the  statements  are  general,  and  may  not  apply  to 
the  work  at  all  of  the  camps. 

Location. — It  was  necessary  to  begin  the  design  of 
the  buildings  before  anything  was  known  about  the 
location  of  the  camps  by  the  Quartermaster  Corps. 
The  camps  were  located  originally  by  the  department 
commanders,  whose  recommendations  were  reviewed 
by  the  General  Staff.  The  General  Staff  reported  its 
decision  regarding  each  of  them  to  the  Secretary  of 
War,  who  made  the  final  selection.  While  the  sites 
were  being  chosen  in  this  way  the  Quartermaster 
General's  staff  was  designing  a  typical  cantonment  for 
each  of  the  16  divisions,  planning  the  buildings,  esti- 
mating the  general  sewerage  and  water  requirements, 
and  doing  everything  that  could  be  done  before  a  map 
was  available.  Just  as  soon  as  the  site  was  selected 
an  experienced  civil  engineer  engaged  for  this  pi-e- 
liminary  work  made  a  topographical  map  of  it,  pro- 
cured data  concerning  the  sources  of  water  supply, 
the  facilities  for  sewerage,  the  railways  in  the  vicinity 
and  the  roads.  With  this  map  it  was  possible  to  begin 
the  general  planning  of  the  camp,  and  as  soon  as  this 
general  plan  was  made  the  execution  of  the  work  was 
undertaken  by  the  constructing  quartermaster  in 
charge,  who  has  authority  to  engage  a  consulting  en- 
gineer and  a  water  and  sewerage  specialist  if  they 
are  needed.  For  the  surveying  and  similar  work,  the 
engineering  force  of  the  contractor  is  utilized  as  fully 
as  possible.  The  constructing  quartermaster  also  has 
an  auditor  with  an  accounting  staff,  as  the  contractor 
works  on  the  cost-plus-percentage  system  and  it  is 
necessary  for  the  government  to  have  complete  knowl- 
edge of  all  items  of  cost  entering  into  the  work. 

The  general  grouping  of  the  cantonment  buildings 
at  any  site  is  controlled  by  two  classes  of  conditions: 
(1)  The  military  requirements;  (2)  the  cost  of  instal- 
lation and  convenience  of  operation.  It  has  been  con- 
sidered desirable  to  have  some  open  and  fairly  level 
land  for  drilling,  but  where  this  would  entail  a  large 
additional  cost  at  any  camp  the  requirements  have 
been  reduced  to  a  minimum,  and  some  of  the  clearing 
will  be  done  by  the  troops  themselves.  The  prelimi- 
nary work  of  fitting  the  typical  plan  to  the  topography 
of  any  camp  was  reviewed  in  the  Quartermaster 
General's  oflSce.  No  attempt  was  made  to  do  more 
than  indicate  the  location  of  the  main  buildings,  and 
the  constructing  quartermaster  is  responsible  for  the 
final  adjustment.  So  far  as  possible,  brigade  forma- 
tions have  been  preserved,  and  no  building  for  one 
of  the  primary  units  has  been  interposed  among  those 
of  another  primary  unit.  The  buildings  for  the  ani- 
mals are  generally  separated  from  those  for  the  men 
by  the  main  trucking  road.  In  all  cases  special  at- 
tention has  been  given  to  providing  fire  breaks,  usually 
by  constructing  wide  roads. 

General  Order  of  Work. — The  problem  of  transport- 
ing the  materials  for  these  cities  at  the  same  time  the 
railways  have  to  meet  many  other  exceptional  de- 
mands, is  serious.  It  has  therefore  been  directed  that 
the  construction  be  undertaken  by  successive  steps, 
in  order  that  the  railways  may  not  be  unnecessarily 
pressed  in  making  deliveries.     The  first  work  is  the 


construction  of  the  roads  and  railway  sidings  abso- 
lutely necessary  to  carry  out  the  building  program. 
While  these  are  under  construction  the  contractor 
must  provide  temporary  quarters  for  his  own  staff 
and  laborers,  numbering  several  thousand. 

The  first  of  the  cantonment  buildings  to  be  con- 
structed are  the  barracks,  including  the  kitchen  and 
mess  facilities,  lavatories,  ofl!icers'  quarters  and  store 
houses,  and  whatever  works  are  necessary  for  water 
supply  and  sewerage. 

The  arrangement  that  has  been  made  for  providing 
lumber  for  the  various  cantonments,  is  as  follows: 

Through  the  Lumber  Sub-Committee  of  the  Gen- 
eral Munitions  Board,  representatives  of  the  big  lum- 
ber associations  of  the  country  were  assembled  in 
Washington  and  agreed  upon  a  price  for  lumber  for 
these  cantonments,  this  price  not  to  exceed  an  aver- 
age of  $20  per  thousand.  It  is  understood  that  there 
are  many  independent  mills  not  represented  in  the 
associations,  so  to  meet  the  demand  from  independent 
mills,  this  arrangement  has  been  made:  The  letter  of 
instructions  to  the  contractor  is  to  the  effect  that  he 
will  place  at  least  75  per  cent  of  his  lumber  bill  with 
the  committee,  and  that  he  may  shop  for  the  remain- 
ing 25  per  cent  among  the  independent  mills  within 
his  district. 

When  a  contractor  is  awarded  a  contract  for  any 
given  cantonment  he  is  given  a  letter  which  directs 
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him  to  take  up  the  matter  of  the  purchase  of  lumber 
with  the  lumber  committee.  This  committee  has  dis- 
tricted the  United  States  and  will  recommend  to  the 
contractor  that  he  purchase  the  lumber  from  such 
mills  of  these  associations  as  can  most  economically 
handle  the  matter,  both  from  the  point  of  view  of 
railroad  facilities  and  the  time  of  delivery.  This  ar- 
rangement was  found  to  be  absolutely  necessary  as  a 
preventive  measure  in  the  matter  of  competition, 
and  to  regulate  lumber  prices. 

Procuring  Materials. — A  statement  of  building  ma- 
terials which  can  be  furnished  by  each  dealer  in  the 
territory  where  each  camp  is  located,  the  prices  and 
the  rates  of  delivery  were  secured  from  the  advisory 
committee  of  the  Council  of  National  Defense.  These 
statements  concerning  each  camp  are  furnished  to  the 
constructing  quartermaster  for  the  guidance  of  the 
contractor.  It  is  not  expected  they  will  locate  every- 
thing the  contractor  needs,  or  that  the  contractor  will 
hold  up  work  to  wait  for  deliveries  of  material  from 
distant  places.  In  fact,  the  contractor  is  expected 
to  buy  in  the  local  markets  the  small  tools,  minor 
equipment  and  materials  needed  for  speed,  and  the 
constructing  quartermaster  is  ordered  to  give  to  the 
contractor  at  all  times  "everj^  assistance  calculated  to 
expedite  his  work  and  relieve  him  from  hampering 
restrictions  of  any  sort." 

While  the  preliminary  estimate  of  materials  for  a 
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cantonment  was  made  in  the  Quartermaster  General's 
office,  the  final  detailed  schedules  are  made  by  the 
contractor. 

Transporting  Materials. — The  contractor  furnishes 
to  the  constructing  quartermaster  certificates  of  the 
number  and  classes  of  cars  needed  to  transport  the 
materials  for  the  camp,  the  approximate  dates  on 
which  the  cars  are  required,  the  points  of  shipment 
and  the  destination,  and  copies  of  these  certificates 
are  sent  to  the  Commission  on  Car  Service  of  the 
American  Railway  Association.  The  government  then 
furnishes  a  waybill  envelope  for  each  car,  which  will 
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indicate  to  every  yardmaster  and  trainman  that  the 
car  is  engaged  in  national  service  and  must  be  moved 
without  interruption.  A  representative  of  the  rail- 
way on  which  the  camp  is  located  is  stationed  at  the 
camp  to  e.xpedite  deliveries. 

Labor. — The  union  scale  of  wages  prevailing  at  the 
locality  on  June  1,  1917,  is  adopted  at  each  camp.  The 
regulation  of  hours  of  work  and  overtime  pay  is  fixed 
by  agreement  between  the  constructing  quartermaster 
and  the  contractor  in  accordance  with  conditions  pre- 
vailing in  the  section  where  the  camp  is  located.  Spe- 
cial endeavor  is  made  to  impress  upon  the  workmen 
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that  the  construction  of  these  camps  to  meet  a  na- 
tional emergency  should  be  marked  by  the  temporary 
slackening  of  regulations  which  hamper  rapid  pro- 
duction. 

Headquarters"  Supervision  of  Work. — The  construct- 
ing quartermaster  for  each  cantonment  has  had  ex- 
tensive experience  in  handling  large  building  works. 
Some  of  them  are  members  of  Quartermaster  Corps 
and  the  remainder  are  members  of  the  Officers'  Re- 
serve Corps  who  have  won  recognition  as  construc- 
tion superintendents  cf  the  first  rank.  In  case  the 
constructing  quartermaster  is  in  the  Officers'  Reserve 
Corps,  an  officer  of  the  regular  army  has  been  as- 
signed to  the  cantonment  to  look  after  the  military 
and  administrative  work  in  accordance  with  the  regu- 
lations of  the  War  Department  and  relieve  the  con- 
structing quartermaster  of  those  duties  for  which 
his  civilian  experience  did  not  train  him. 

The  constructing  quartennaster  has  very  large 
powers,  for  it  is  believed  that  the  speed  of  the  work 
will  be  increased  by  giving  him  practically  complete 
authority,  except  as  the  general  instructions  issued 
in  Quartermaster  General's  office  control  his  manage- 
ment. It  is  necessary,  of  course,  for  the  Washing- 
ton headquarters  to  have  full  knowledge  of  the  con- 
ditions at  each  camp,  so  a  daily  telegraphic  report  is 
made  on  each  of  the  principal  features  of  the  work, 
a  written  weekly  report  gives  a  comprehensive  view 
of  conditions,  and  weekly  graphic  charts  show  the 
progress  in  the  delivery  of  materials  and  the  con- 
struction of  each  class  of  structures. 

Fire  Protection  During  Construction. — The  preven- 
tion of  fire  in  these  wooden  cities  during  construction 
is  a  very  important  matter  and  stringent  regulations 
have  been  issued  to  minimize  the  risk.  All  brush, 
rubbish  and  dry  grass  must  be  burned  where  building 
materials  are  to  be  stored  and  for  a  distance  of  300 
ft.  around  all  storage  yards  and  building  sites.  As 
soon  as  materials  arrive,  water  casks  and  pails  are 
placed  where  they  will  be  convenient  for  use  in  ex- 
tinguishing incipient  fires  and  a  continuous  fire  patrol 
is  established.  As  soon  as  fire  apparatus  is  received 
fire  companies  are  organized. 

Among  the  more  important  fire  regulations  during 
construction  are  the  following: 

Smoking  is  prohibited  wherever  building  construc- 
tion is  carried  on  or  material  is  stored.  Certain  areas 
are  designated  where  workmen  may  smoke  at  noon 
and  smoking  is  permitted  in  a  few  buildings  where 
constant  watch  is  maintained.  Open  fires  on  or  near 
building  sites  are  prohibited.  All  rubbish  about  build- 
ings is  collected  daily  and  removed  to  a  place  where  it 
can  be  burned  safely. 

No  open-flame  lights,  including  candles,  may  be  used 
in  buildings,  and  to  aid  in  enforcing  this  regulation 
the  kits  of  plumbers,  steamfitters  and  such  mechan- 
ics are  inspected  before  they  are  permitted  on  the 
job.  Gasoline  furnaces  and  torches  must  be  kept  in 
tool  boxes  or  shanties  outside  buildings,  and  not  more 
than  three  5-gal.  cans  of  gasoline  are  permitted  on 
the  job.  The  use  of  charcoal  for  heating  soldering 
pots  is  prohibited.  All  tar  kettles  and  lead  furnaces 
heated  by  wood  fires  must  not  be  placed  within  50 
ft.  of  buildings  or  lumber. 

Boilers  and  internal  combustion  engines  must  be 
placed  in  detached  iron-clad  buildings.  Boilers  must 
not  be  set  on  wooden  frames  or  platforms  and  stacks 
into  which  engines  exhaust  must  have  screened  tops. 
Power-driven  wood-working  machines  must  not  be  op- 
erated in  buildings  under  construction  or  in  sheds 
within  20  ft.  of  such  buildings.     All  electric  wiring, 
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even  for  temporary  use,  must  conform  to  the  National 
Electric  Code. 

Water  Supply. — The  minimum  water  supply  for  a 
cantonment  has  been  fixed  at  55  gal.  per  capita  daily, 
equivalent  to  from  2,000,000  to  2,500,000  gal.  per  day 
for  camps  of  36,000  to  45,000  men.  These  quantities 
include  the  water  required  for  animals  and  miscel- 
laneous u.ses.  The  pumping  units,  if  any  are  needed, 
are  at  least  four  in  number,  the  smallest  of  a  capacity 
of  750  to  1,000  gal.  per  minute  each.  The  water  works 
are  designed  to  furnish  water,  on  3  minutes'  notice 
for  a  period  of  1  hour,  at  2.85  times  the  minimum  rate. 
The  distribution  system  is  designed  for  pressures 
of  60  to  85  lb.  Machine-wound  wood-stave  pipe  is 
used  in  each  cantonment  with  about  50  tons  of  cast 
iron  pipe  for  curves  and  other  special  requirements 
and  about  50  tons  of  cast-iron  specials.  In  addition 
considerable  cast-iron  pipe  is  used  to  bring  water  from 
a  distance  to  certain  of  the  camps,  as  at  Columbia, 
S.  C,  where  the  government  will  use  4,500  ft.  of  16-in. 
pipe  and  the  city  will  lay  15,000  ft.  more. 

The  water  is  procured  from  the  cheapest  available 
source  of  satisfactory  character.  In  some  cases  it  is 
bought  from  existing  water  works  and  in  other  cases 
independent  plants  are  constructed  for  the  exclusive 
use  of  the  camps.  Storage  is  generally  necessary  to 
meet  the  peak-load  requirement  for  an  hour's  draft 
at  the  rate  of  156-''4  gal.  per  capita  daily.  Either  ele- 
vated storage  capacity  of  at  least  300.000  gal.  is  pro- 
vided or  a  reservoir  of  at  least  1,000,000  gal.  from 
which  water  can  be  pumped  directly  into  the  mains. 

The  design  of  the  typical  water  w.orks  system  has 
been  controlled  by  a  desire  to  reduce  the  cost  to  the 
lowest  amount  compatible  with  an  ample  supply.  In 
order  that  the  capacity  of  the  system  may  not  be  over- 
taxed, all  waste  will  be  stopped  and  certain  regula- 
tions will  be  enforced. 

Sewerage. — The  sewerage  system  of  each  canton- 
ment is  designed  to  remove  house  sewage  only,  and  no 
surface  water  is  admitted  except  at  a  few  places, 
where  silt  basins  are  provided.  The  kitchen  plumb- 
ing includes  grease  traps.  If  6-in.  pipe  is  unavailable 
at  any  camp  for  kitchen  connections  4-in.  pipe  may  be 
used  for  them,  but  all  other  house  connections  are 
6-in.  The  trunk  sewers  are  designed  on  the  assump- 
tion that  the  maximum  flow  in  them  at  any  time  will 
be  the  maximum  flow  from  one  brigade  plus  the  nor- 
mal flow  from  all  other  units.  The  maximum  flow  of 
one  regimental  unit  is  taken  at  1.5  cu.  ft.  per  second 
and  the  normal  flow  at  0.5  cu.  ft.  per  second.  A  bri- 
gade of  three  regimental  units  will  therefore  furnish 
a  maximum  of  4.5  cu.  ft.  per  second  by  this  assump- 
tion, and  the  remaining  regimental  units  will  furnish 
0.5  cu.  ft.  for  each.  The  desirable  minimum  grade  is 
that  which  will  give  a  velocity  of  2  ft.  per  second 
when  the  sewer  runs  full,  but  a  velocity  of  20  in.  is 
permitted  in  special  cases.  Special  joints  are  re- 
quired in  wet  ground  and  wooded  areas.  Manholes 
are  required  at  intervals  of  300  to  500  ft.  The  sewer- 
age systems  of  the  16  cantonments,  exclusive  of  out- 
fall sewers  outside  the  camps,  will  require  about  12,- 
000  ft.  of  12  to  24-in.  vitrified  pipe,  297,000  ft.  of  8- 
in.  pipe  and  1,052,000  ft.  of  6-in.  pipe. 

Whenever  practicable  the  sewage  of  a  cantonment 
will  be  discharged  into  adjacent  streams  without 
treatment.  Where  treatment  is  necessary  the  sewage 
will  be  discharged  in  most  cases  into  septic  tanks 
holding  about  10  gal.  per  capita.  These  are  located 
at  least  300  ft.  from  the  nearest  occupied  building. 
These  will  be  constructed  of  wood  or  concrete,  as  the 
constructing   quartermaster   shall    decide.      In    a   few 
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cases  intermittent  sand  filtration  may  be  employed  as 
a  method  of  disposal,  but  in  most  cases  where  sewage 
is  treated,  the  effluent  of  the  septic  tanks  v/ill  prob- 
ably be  applied  to  trickling  filters  6  ft.  deep  having 
an  area  of  about  an  acre  for  each  30,000  persons.  Set- 
tling tanks  will  be  needed  to  clarify  the  effluent  of 
the  trickling  filters,  and,  eventually,  some  method  of 
providing  for  the  disposal  of  the  sludge  from  these 
tanks  and  the  septic  tanks  must  be  provided,  although 
this  is  not  considered  necessary  for  the  present.  It 
is  further  proposed  to  disinfect  the  effluent  from,  some 
of  these  treatment  plants  by  some  chlorination  proc- 
ess, if  this  seems  desirable  after  a  careful  study  of 
local  conditions. 

General  Features  of  Buildings. — Each  cantonment 
comprises  aijout  1,000  unpainted  timber  structures  of 
the  simplest  possible  character.  A  few  buildings  used 
for  storage  and  as  garages  and  power  plants  will  prob- 
ably be  metal-clad,  and  possibly  corrugated  iron  sid- 
ing and  roofing  may  be  employed  for  them.  Where  the 
buildings  are  supported  on  posts  more  than  15  in. 
above  the  surface  of  the  ground  and  it  is  possible  to 
keep  the  ground  below  them  free  from  inflammable 
rubbish,  the  sides  are  not  boarded  down  to  the  ground, 
which  is  done  where  the  clearance  is  less  than  15  in., 
except  in  the  South,  where  it  is  necessary  to  omit  this 
precaution  against  fire  on  account  of  the  greater  im- 
portance, from  a  sanitary  viewpoint,  of  permitting  a 
free  circulation  of  air  below  the  floor. 

The  2-story  buildings  used  for  large  barracks  in 
the  South  will  be  heated  by  stoves  on  the  lower  floor, 
as  is  done  in  the  Canadian  cantonments.  It  is  pro- 
posed to  jacket  the  stoves  so  as  to  increase  the  cir- 
culation of  air,  and  to  carry  the  stovepipes  directly 
up  through  the  second  story  and  roof.  Drums  will 
be  installed  in  this  stovepipe,  with  air  jackets  around 
them,  for  heating  the  second  story.  The  smaller  build- 
ings in  the  South  will  probably  be  heated  by  small 
direct-radiating  stoves.  In  the  Northern  cantonments 
it  is  probable  central  heating  stations  will  be  built 
and  the  building  warmed  by  radiators. 

Although  no  money  is  now  available  for  lighting 
the  buildings  by  electricity,  it  is  believed  this  sys- 
tem will  be  used  on  account  of  the  grave  danger  of 
fire  if  kerosene  lamps  are  employed.  The  peak  load 
for  lighting  is  estimated  at  600  kw.  and  the  maximum 
power  load  at  300  kw.  It  is  proposed  to  use  two  steel 
ranges  in  each  large  barrack  and  cook  stoves  in  the 
smaller  barracks.  Probably  most  of  the  garbage  will 
be  burned  in  incinerators,  but  studies  are  being  made 
to  ascertain  if  the  fats  can  be  recovered  at  a  cost 
which  will  warrant  doing  so. 

Men's  Barracks. — The  barracks  for  the  men  are  2- 
.story  buildings  43  ft.  wide  and  of  different  lengths, 
depending  upon  the  number  of  men  to  be  accommo- 
dated. At  one  end  is  a  single-story  kitchen,  with  a 
pantry  and  a  sleeping  room  for  the  cooks.  A  long 
counter  separates  the  kitchen  from  the  mess  hall, 
where  all  the  men  living  in  the  barrack  will  eat.  In 
the  center  of  the  first  floor  is  a  company  hall,  with 
doors  leading  outdoors  on  each  side  of  the  building 
and  a  stairway  to  the  floor  above.  This  company  hall 
separates  the  kitchen  from  the  two  first  floor  dormi- 
lories.  It  was  originally  proposed  to  have  the  men 
sleep  in  double-deck  bunks,  such  as  are  used  in  col- 
lege .  fraternity  houses  and  on  large  construction 
works,  but  the  medical  advisors  of  the  Secretary  cf 
War  reported  so  strongly  against  this  that  ordinary 
metal  cots  will  probably  be  used  and  the  size  of  the 
'ouildings  increased  to  furnish  the  necessary  space. 
The  first  story  is  9  ft.  high  from  the  floor  to  the  bot- 
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torn  of  the  beams  of  the  second  story.  The  second 
story  of  the  larger  barracks  is  divided  at  the  center 
by  a  hall  reached  by  the  stairway  from  below  and 
the  sleeping  room  of  the  first  sergeant.  On  each  side 
are  two  dormitories  or  four  in  all  on  this  story.  The 
dormitories  are  separated  by  partitions  so  that  the 
men  in  each  are  comparatively  isolated  from  the 
others. 

There  is  a  ventilating  opening  running  the  length 
of  the  ridge  of  the  building  to  which  vertical  vent 
ducts  run  from  the  floor  below.  The  building  has  a 
large  amount  of  window  area,  and  the  sash  can  be 
slid  to  one  side  to  secure  ventilation.  The  lavatories 
for  both  officers  and  men  are  small  detached  buildings. 

Officers'  Barracks. — The  officers'  barracks  vary  con- 
siderably in  size  and  shape.  Some  are  long  single- 
story  buildings  with  a  kitchen  at  one  end,  then  a 
mess  room,  and  then  a  long  hall  down  the  center  with 
rooms  measuring  10  ft.  6  in.  by.  8  ft.  4  in.  opening  off 
it  on  either  side,  and  an  office  at  the  further  end.  Other 
barracks  are  small  single-story  buildings,  with  a 
kitchen,  mess  room  and  two  to  four  individual  rooms, 
the  largest  about  10  ft.  square.  Other  buildings  are 
two  stories  high,  with  larger  rooms  shared  by  two 
officers,  an  office,  mess  room  and  kitchen.  A  few  of 
the  officers'  barracks  have  no  kitchen  and  mess  room. 

Amount  of  Lumber  Required. — The  construction  of 
the  ban-acks  is  slightly  different  in  the  northern  and 
southern  cantonments.  This  causes  the  amount  of 
lumber  for  a  southern  cantonment,  16,314,000  ft.  B.  M., 
to  be  about  216,000  ft.  less  than  that  needed  for  a 
northern  cantonment.  These  figures  may  be  consid- 
erably increased,  possibly  25  per  cent,  as  a  result  of 
enlargements  of  the  buildings  to  meet  recommenda- 
tions of  the  army  medical  officers.  Furthermore,  they 
will  be  increased  by  a  large  amount  of  lumber  needed 
for  stables,  wagon  sheds,  post  exchanges  and  assem- 
bly biuldings. 


Handling  Face   Brick 

Useful  information  on  the  buying  and  handling  of 
face  brick  were  given  by  Mr.  H.  E.  Stringer  of  Hy- 
draulic Press  Brick  Co.  in  a  paper  presented  at  the 
last  annual  meeting  of  the  Association  of  Government 
Contractors,  from  which  the  following  note  is  taken: 

Brick  when  shipped  from  the  factory  are  loaded  in 
straw  and  are  packed  tightly  in  the  car.  In  most 
cases,  of  course,  except  in  the  larger  cities,  the  con- 
tractor buys  f.  o.  b.  car  at  destination,  and  has  the 
bricks  drayed.  He  should  caution  his  draymen  to 
keep  at  least  a  good  portion  of  the  straw  with  the 
brick  when  he  takes  same  from  the  car,  and  he  must 
have  his  teamsters  pack  bricks  tightly  in  wagons. 
Upon  arrival  at  the  building  site  bricks  should  be 
placed  on  boards  lying  about  4  in.  above  the  side- 
walk or  street  so  that  the  dirty  rain  water  will  not 
disfigure  the  bottom  of  the  pile.  This  simple  precau- 
tion is  frequently  overlooked,  as  is  also  the  important 
requirement  that  press  brick,  particularly  light 
shades,  should  either  be  stored  under  a  shed  or  should 
be  covered  with  tarpaulin.  These  simple  precautions 
will  eliminate  considerable  of  the  necessity  for  ex- 
treme cleaning  down  after  the  bricks  are  laid  in  the 
wall.  In  cleaning  down  our  experience  has  been  that 
the  best  solution  is  a  mixture  of  muriatic  acid  and 
water,  using  one  part  acid  and  six  parts  water. 


Rail  Inclination,  Wheel-Coning 
and  Tie  Plates 

By  F.  H.  FRANKLAND, 
Associate  Engineer,  Waddell  &  Son,  Consulting  Engineers. 

There  appears  to  be  a  considerable  variation  of 
ideas  among  railroad  engineers  concerning  the  mat- 
ters of  rail  inclination,  tie-plates  versus  rail-chairs, 
wheel-coning,  and  widening  of  track  gage  on  curves; 
and  it  would  seem  that  a  proper  standardization  of 
these  important  features  would  effect  considerable 
improvem.ent  and  economy  in  track  maintenance. 

As  regards  the  vertical  versus  the  inclined  rail — 
the  vertical  rail  is  a  beam  loaded  eccentrically  to  its 
axis,  the  center  of  pressure  on  the  base  of  rail  being 
inside  the  center  of  the  base.  To  illustrate:  In  Fig. 
1,  the  rail  has  a  circular  contour  on  its  head  of  radius 
R  (say  10  in.),  the  standard  wheel-coning  being  1  in 


Gouge  4'  9" in  each  c 


Inchnahon     ^--ImZO 


Fig. 


I    Laid    Normal   to   Ties. 


20,  and,  therefore,  the  theoretical  contact — disregard- 
ing compression — between  rail  and  wheel  is  at  a  point 

R 
inside  the  center  of  the  rail  head  — ,  which,  with  a 

20 
radius  of  10  in.  equals  H  in. 

On  straight  track  the  wheel  load,  L,  is  vertical,  and 

L 
the   horizontal   reaction   due    to    wheel-coning  is  — . 

20 
If  H  equals  5  in.,  this  action  of  the  wheel  is  equivalent 

1 
to  a  center  of  vertical  pressure  on  the  rail  base  — 

20th 
of  the  rail  height  nearer  to  its  vertical  axis  than  the 
center  of  contact  on  the  rail  head.  This  displacement 
of  the  center  of  pressure  is  due  to  the  couple  formed 
by  the  thrust  on  the  top  of  the  rail  opposed  by  the 

LH 

frictional  resistance  at  its  base, . 

20 
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In  the  case  of  a  5-in.  rail  with  a  circular  top  of  10- 
in.  radius,  this  center  of  pressure  would  be  ^4  in.  in- 
side the  vertical  axis  at  the  base.  The  argument  of 
many  American  railroad  engineers  that  this  side 
thrust  is  taken  care  of  by  frictional  resistance  is  fal- 
lacious. In  actual  practice  these  vertical  rails  "spread" 
or  "roll  out."  Under  wheel  load  the  horizontal  thrust 
is  continuously  present;  the  rail  tends  to  rise  and 
fall  slightly  under  impact,  and  it,  therefore,  tends  to 


Fig.  2 — Action  of  Coned  Wheel   on   Inclined   Rail. 

move  or  "spread"  slightly  upon  each  application  of 
load.  With  a  vertical  rail — as  in  Fig.  1 — the  tendency 
is  to  wear  the  rail  head  parallel  to  the  inclination  of 
the  wheel-coning,  in  addition  to  the  wear  on  the  in- 
side of  head  due  to  grinding  by  the  wheel  flange. 

When  this  inevitable  condition  of  wear  appears,  a 
movement  outward  of  the  center  of  pres.^ure  on  the 
base  develops,  with  a  consequent  tendency  to  rail 
overturning,  the  side  thrust,  of  course,  still  being  pres- 


Fig.  3 — Results  of  Rail   Wear  After  One  Year's  Service. 

ent.  Actual  conditions  of  wear  on  vertical  rails  show 
that  the  average  inclination  of  the  heads  of  worn  rails 
is  greater  than  the  angle  of  wheel-coning,  thus  prov- 
ing that  the  rails  have  "rolled  out."  To  incline  the 
axis  of  the  rail  is  the  natural  corollary  of  wheel-con- 
ing, without  which  feature  of  car-construction,  the 
safe  operation  of  railroads  would  be  well  nigh  im- 
possible. 

In  Fig.  2  the  action  of  a  coned  wheel  on  an  inclined 
rail  is  shown.    The  center  of  bearing  is  in  the  center 


of  the  rail  head,  the  resultant  stress  due  to  load  and 
coning  thrust,  is  axially  through  the  web  of  the  rail, 
and  the  center  of  pressure  of  this  resultant  is  in  the 
center  of  the  base  and  at  right  angles  to  it,  conse- 
quently there  can  be  no  lateral  thrust  at  the  rail  base 
tending  to  move  it  outward  on  its  seat. 

These  characteristics  of  an  inclined  rail,  therefore, 
show  that  it  acts  as  a  normally  loaded  beam;  and  the 
rail  wear  will  be  such  as  to  preserve  substantially  the 
surface  of  the  rail  head  at  right  angles  to  the  axis 
of  the  web.  It  is  probable  that  the  indeterminate  in- 
ternal stresses  set  up  in  a  vertical  rail  under  load, 
and  which  frequently  cause  splintering  of  the  rail 
head,  are  due  to  its  eccentric  loading. 

Practice  has  shown  that  for  standard  gage  track  a 
wheel-coning  of  1  in  20  gives  the  most  satisfactory  re- 
sults, although  some  roads  still  adhere  to  a  ratio  of  1 
in  10.  In  comparatively  recent  times  the  British 
standard  wheel-coning  of  1  in  15  was  reduced  to  1 
in  20.  Any  suggestion  to  reduce  the  wheel-coning  to 
something  flatter  than  1  in  20  would  appear  to  indicate 
ignorance  of  the  underlying  principles.  Coning  is 
also  of  use  on  curves  by  reason  of  the  larger  diameter 
of  the  wheel  running  on  the  outer  rail  and  the  smaller 
diameter  on  the  inner  rail;  thus  an  adjustment  is  ef- 
fected to  suit  the  different  radii  of  the  outer  and  in- 
ner rails. 

As  a  means  of  reducing  the  rail  wear  on  curves,  as 
shown  in  Fig.  1,  a  widening  of  gage  thereon  is  essen- 
tial. In  cases  where  the  gage  on  curves  is  not  widened 
by  intention,  the  trafllc  automatically  produces  a  gage- 
widening  with  a  consequent  detriment  to  both  wheel- 
flange  and  rail.  By  a  combination  of  rail-inclination 
and  gage-widening  on  curves  the  aforementioned  wear 
is  greatly  reduced.  Fig  3  shows  results  of  rail  wear 
after  one  year  of  heavy  service,  where  the  rail  was 
inclined  and  the  gage  widened. 

The  sharp  ridges  shown  on  the  bottom  of  the  usual 
tie-plate  undoubtedly  defeat  the  designer's  purpose, 
as  under  traflic  these  ridges  bite  into  the  wood,  and 
then  by  continuous  rocking  of  the  plate  the  tie  is  so 
injured  that  proper  bearing  is  destroyed.  It  would 
appear  that  a  properly-ridged  or  stepped  tie-plate 
base  would  remove  this  undesirable  condition; 
and  by  giving  the  tie-plate,  on  the  top  sur- 
face in  contact  with  the  rail  base,  a  slight  circular 
camber  parallel  to  the  longitudinal  axis  of  the  rail, 
the  bearing  of  the  rail,  deflecting  as  it  does  under 
load,  will  be  uniformly  distributed  over  the  surface 
of  the  plate,  thus  preventing  the  usual  tilting  of  the 
plate  by  reason  of  the  greater  intensity  of  load  at  the 
edges,  and  doing  away  with  the  rocking  of  ties  and 
the  clattering  of  plates. 

The  ideal  tie-plate  should  provide  for  the  proper 
inclination  of  the  rail.  The  writer  would  like  to  sug- 
gest that  by  adopting  a  tie-plate  designed  with  the 
above-mentioned  features  in  mind,  and  with  a  proper 
inclination  of  rail  to  be  used  with  the  standard  ratio 
of  wheel-coning  and  adequate  widening  of  gage  of 
curves,  a  great  gain  in  economy  of  track  maintenance 
and  smoother  running  would  be  secured,  with  the  con- 
sequent reduction  of  rolling  stock  maintenance. 


The  French  Government  has  appointed  a  committee 
of  15  members,  to  be  known  as  the  "Commission  Con- 
sultative des  Marches  et  des  Stocks,"  the  duty  of 
which  will  be  to  study  administrative  and  technical 
questions  in  reference  to  contracts  for  purchasing 
stocks  of  provisional  houses  and  materials  for  provi- 
sional and  final  reconstruction  work  in  invaded  dis- 
tricts of  France. 
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Graphical  Determination  of  the 

Maximum  Moments  Produced 

in  a  Turntable 

By  W.  S.  WOLFE. 

Instructor     in     Arcliitectural     Engineering,     University     of 
Illinois. 

Figure  1  shows  the  outline  of  an  80-ft.  turntable, 
across  which  an  engine  of  E  60  loading  is  assumed 
to  move.  The  engine  loads  are  laid  off  in  the  force 
polygon,  Fig.  2,  and  a  pole  distance  H  is  chosen,  thus 
locating  the  pole  p.  The  funicular  polygon  K,  L, 
M,  ....  U  in  Fig.  3  is  now  drawn  and  the  first  and 
last  strings  are  extended  back,  their  intersection  lo- 
cating the  action  line  of  the  resultant  of  the  engine 
loads. 


H  from  Fig.  2,  will  give  the  maximum  positive  moment 
that  can  be  produced  between  R-.  and  R^.  The  maxi- 
mum vertical  intercept  between  the  funicular  polygon 
and  the  straight  lines  U-12  and  K-12  times  the  pole 
distance  H  gives  the  maximum  negative  moment  which 
can  be  produced  at  the  center  support. 

Figure  4  is  similar  to  Fig.  3  except  that  it  has  been 
drawn  for  the  case  when  the  resultant  of  all  the  loads 
is  to  the  left  of  Rj.  The  maximum  vertical  intercept 
between  the  funicular  polygon  and  the  curve  X  Y  Z 
times  H  gives  the  maximum  positive  moment  which 
can  be  produced  between  Ri  and  Ri. 

Now  let  it  be  required  to  find  the  maximum  moment 
which  can  be  produced  at  any  section  YY,  X  distance 
to  the  left  of  R:.  Locate  V,  Vi,  V-,  etc.,  on  the  various 
closing  strings  so  that  the  horizontal  projections  of 
the  lines  V-12,  V,-13,  V.-14,  etc.,  will  all  be  equal  to  X. 
Then  the  maximum  vertical  intercept  from  the  funic- 


Graphical    Determ 


When  the  loads  have  the  position  on  the  beam  shown 
in  Fig.  1,  R:  is  directly  over  point  10,  Fig.  3,  and  the 
moment  diagram  is  L,  M,  N,  .  .  .  .  T,  24,  10,  L.  In 
this  case  K:  and  R.  are  the  two  supports,  while  the 
left  end  is  an  overhanging  end. 

Now  assume  that  the  turntable  is  moved  to  the  left, 
with  respect  to  the  loads,  until  the  point  9  in  Fig  3  is 

right  below  R.;  then  L,  M,  N T,  25,  9,  L  is  the 

moment  diagram.  Now  move  the  turntable  to  differ- 
ent positions  with  respect  to  the  loads,  keeping  the 
resultant  to  the  right  of  Ro  and  obtain  various  other 
moment  diagrams.  Then  draw  the  curve  X  Y  Z  tan- 
gent to  the  various  closing  strings  26-8,  27-7,  28-6, 
etc.  Now  the  maximum  vertical  intercept  between 
the  curve  X  Y  Z  and  the  funicular  polygon  K,  L, 
M U,  measured  to  the  scale  at  which  the  turn- 
table was  drawn,  and  multiplied  by  the  pole  distance 


Moments    Produced    in    a      Turntable. 


ular  polygon  up  to  the  curve  Vs  V;,  Y«,  etc.,  times  H 
gives  the  maximum  positive  moment  which  can  be 
produced  at  section  YY.  Also  the  maximum  vertical 
intercept  from  the  funicular  polygon  down  to  the 
curve  V,  V.,  etc.,  times  H  gives  the  maximum  nega- 
tive moment  which  can  be  produced  at  section  YY. 

This  method  is  a  development  of  the  method  for 
simple  beams  given  on  page  286  in  Malcolm's  Graphic 
Statics. 


Plans  for  hospitals  for  all  the  16  cantonments  for 
the  new  national  army  have  been  completed  by  the 
office  of  the  surgeon  general  and  the  work  will  be 
commenced  by  the  cantonment  division  of  the  quar- 
termaster's department  and  rushed  to  completion  be- 
fore troops  are  called  under  the  selective  service  law. 
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Efficiency  of  Basic  Pigments  as 
Metal  Primers 

Tests  to  determine  the  efficiency  of  basic  pigments 
as  primers  for  metals  have  been  made  at  the  Institute 
of  Industrial  Research,  Washington,  D.  C.  The  tests 
were  placed  in  service  during  April,  1914.  The  results 
deduced  from  the  three  years'  exposure  are  described 
by  Mr.  H.  A.  Gardner  of  the  Insttiute  in  a  paper  pre- 
sented at  the  recent  annual  meeting  of  the  American 
Society  on  Testing  Materials,  from  which  the  matter 
following  is  taken. 

One  object  of  the  tests  was  to  ascertain  whether  red 
lead  of  high  or  low  basicity  is  best  suited  for  protect- 
ing metal  from  corrosion.  Other  pigments  which  are 
known  to  be  good  metal  protectives  were  included  in 
the  tests,  in  order  to  have  a  definite  standard  upon 
which  to  base  the  service  of  the  red  leads. 

The  paints  were  all  applied  to  the  same  grade  of 
black  iron  plates,  24  by  36  in.,  free  from  rust.  The 
first  coat  of  each  paint  was  applied  to  the  entire  sur- 
face of  the  plate  at  a  spreading  rate  of  600  sq.  ft.  per 
gallon.  The  plate  was  divided  by  a  diagonal  line 
from  the  upper  right-hand  to  the  lower  left-hand  cor- 
ner, and  the  second  coat  was  applied  only  to  the  lower 
right-hand  half  of  the  plate,  at  a  spreading  rate  of 
900  sq.  ft.  per  gallon.  Four  days  were  allowed  for 
drying  between  coats.  The  paints  were  all  applied 
to  the  panels  after  they  had  been  attached  to  the  sup- 
porting fence  frame.  The  red-lead  paints  were  pre- 
pared so  that  they  would  all  be  practically  of  the 
same  viscosity  or  body.  A  standard  formula  of  25 
lb.  of  dry  pigment  to  1  gal.  of  oil  was  found  practical 
except  with  the  pigments  on  panel  No.  6.  which  re- 
quired more  oil  to  bring  it  to  working  consistency  and 
to  relatively  the  same  viscosity  as  the  others. 


The  compositions  of  the  paints  applied  are  given  in 
Table.  I. 

In  previous  tests  Mr.  Gardner  observed  that  red  lead 
which  has  been  highly  oxidized  during  production,  and 
which  is  therefore  practically  a  neutral  pigment,  is 
not  as  well  suited  for  application  to  metal  as  red  lead 
which  is  highly  basic  in  nature  and  which  contains  a 
considerable  percentage  of  litharge,  the  latter  being 
a  highly  basic  pigment.  In  the  present  te.sts  the  re- 
sults obtained  have  been  similar  and  have  demon- 
strated the  superior  value  of  the  incompletely  oxidized 
or  highly  basic  red  leads.  This  was  shown  by  an  in- 
spection of  the  paints  at  the  end  of  3  years'  exposure, 
the  results  of  which  are  recorded  in  Table  II. 

As  a  further  result  of  the  tests,  it  is  quite  apparent 
that  two  coats  of  the  neutral  iron-oxide  paint  (chro- 
mated  or  containing  zinc  chromate  or  zinc  oxide)  are 
superior  to  two  coats  of  the  neutral  red-lead  paint. 
The  tests  also  demonstrate  the  e.xcellent  results  to  be 
obtained  with  one  coat  of  a  highly  basic  red  lead.  One 
of  the  most  marked  results  from  the  tests  was  the 
comparative  durability  of  one  and  two-coat  work  on 
an  iron  oxide-zinc  oxide  paint.  This  result  would  in- 
dicate that  all  metal  should  preferably  be  given  at 
least  two  coats  of  paint  when  erected. 

Much  has  been  said  regarding  the  hardening  of  red 
lead  in  packages,  especially  if  the  red  lead  should 
contain  any  pronounced  percentage  of  litharge.  It 
is  interesting  to  record  the  condition  of  the  paints 
used  in  these  tests  after  standing  for  three  years  in 
half-gallon  cans.  When  the  cans  were  opened,  some 
of  the  clear  oil  was  removed  from  each  package  and 
ashed  to  determine  the  amount  of  pigment  that  had 
gone  into  solution.  The  results  of  the  tests  indicate 
that  red  leads  high  in  lead  tetroxide  are  quite  as  solu- 
ble in  linseed  oil  as  red  leads  high  in  lead  monoxide. 


Panel  No.     Pigment. 


P.ed  lead 
Red  lead 
Red  load 
Red  lead 
Red  lead 
Red  lead 
Red  lead 
Sublin 


TABLE  I— COMPOSITIONS  OF  PAINTS  V 

Grade: 

Lead  tetroxide  content, 

per  "ent. 

SG* 


10 


SED. 

Pigment 
in  paint, 
per  cent. 

80 

SO 


Weight   per 

gallon,   lb. 

S7 


U8+  80  20 

blue    lead Contains  1  percent    added  carbon   black 63  37 

Chromated    red    lead Contains  2  per  cent  CrOa   76  24 

Chromated    iron    o.xide Contains  1  per  cent  CrOj   56  44 

Iron    oxide    Contains  10  per  cent   zinc  chromate .W  45 

2         Iron   oxide    Contains  20  per  cent   zinc  oxide 58  42 

Balance   is   litharge.      tSpecial   red   lead   purchased   in   paste    form. 

TABLE   II.— R.\TING    OF   PAINTS    AT    INSPECTION   APRIL   1.    1917,  AFTER  3  TE.ARS'  EXPOSURE. 

10  =  Excellent:  1  =  Failed. 

Grade:  One-coat 

Lead  tetroxide  content,  per  cent.  work. 


16.5 

22 

14 


5  Red    lead    95*  6 

6  Red    lead    99*  2 

7  Red    lead 9St  4 

St  Sublimed    blue    lead 

9  Chromated  red  lead Contains  2  per  cent  CrOj 8  : 

10  Chromated  iron  oxide Contains  1   per  cent   CrO, 2 

11  Iron  oxide   Contains  10  per  cent  zinc  chromate 2 

12  Iron  oxide   Contp'ns  20  per  cent  zinc  oxide 1 

♦Balance    is    litharge.      fSpecial    red    lead    pu»*      jised    in    paste    form.     tPanel  injured  when  exposed.     Removed  from  test. 


T.\BLE   III.— EX.\JIIN.\TION    „r    i'.MNTS    USED   IN   TESTS  AFTER  STORAGE  FOR  3  TEARS. 


Grade: 
Lead   tetroxide   content,  Conditio 

per    cent. 

86»  Stiff    

SS«  Stiff   

SO*  Fairly    stiff. 

93*  Stiff  

n5«  Stiff 

99*  Fairly    soft.. 

_____    9St  Stiff    

Sublimed    blue   lead Contains  1  per  cent  added   carbon  black Very    soft... 

9         Chromated    red    lead Contains   2    per   cent   CrOs Soft   

0  Chromated    iron    oxide Contains    1    per  cent    CrO^ Very    soft... 

1  Iron    oxide    Contains  10  per  cent   zinc  chromate Very    soft... 

2  Iron    oxide    Contains  20  per  cent  zinc  oxide Very    soft... 

Balance    is    litharge.      fSpecial    red    lead    purchased    in    paste    firm. 
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Panel  No.     Figment. 

1  Red  lead  . 

2  Red  lead  . 

3  Red  lead  . 

4  Red  lead  . 
5-  Red  lead  . 

6  Red  lead 

7  Red  lead 


Pigment  dis- 
solved in  oil  as 
shown   by   ash, 
per  cent. 
2.55 
1.22 
5.24 
15.82 
1.49 
0.31 
3.90 

i.ei 

0.80 
0.50 
1.48 
1.22 
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The  Building  Contractor  and  Sub- 
Contracts* 


Safe  Loads  for  Ropes  and  Chains 


The  condition  of  the  paints  observed  at  the  time  of 
opening  is  also  recorded  in  Table  III,  which  would 
seem  to  indicate  that  the  softness  of  red-lead  paints 

after  aging  is  due  not  entirely  to  the  amount  of  lith-  j^.  ^,^^j^  ^^  j^^^j  j^  ^jj  sub-contracts  could  be  han- 
arge  contained  therein,  but  also  to  the  settling  prop-  ^j^^j  ^^.  ^^^  contractor,  just  as  the  Government  handles 
erties  of  the  red  lead.  In  other  words,  red  leads  ot  ^j^^.^.  lettings;  simply  awarding  the  contract  to  the 
high  weight  per  volume  will  settle  down  to  the  bot-  j^^,^^^  ^^.^^^^  ^^^^  properly  qualifies, 
torn  of  the  cans  and  become  hard,  whereas  red  leads  ot  ^^  ^^^^,  ^^^^  instances  the  Government  loses  by 
low  specific  gravity  are  more  likely  to  be  maintained  ^^^  transaction;  not  always  in  actual  dollars  and  cents 
in  a  bulky  form.  p^jjj  ^^t  f^y  actual  construction,  but  in  many  indirect 
The  results  obtained  in  the  storage  tests  indicate  ^^^^  ^y^at  will  occur  to  all  of  you;  many  months'  de- 
that  some  chemical  action  takes  place  other  than  that  ^^^:  ^^  ^j^g  completion  of  the  building  resulting  in  ex- 
to  be  accounted  for  by  the  formation  of  lead  linoleate,  pense  for  additional  rent,  and  for  salary  of  Govern- 
since  the  latter  is  soft  rather  than  hard.  The  writer  ^^^^  Superintendent,  much  more  labor  and  trouble 
is  of  the  opinion  that  the  chemical  reactions  which  are  j^^  ^^^  ^j^^g  ^f  ^^^  Department,  unsatisfactory  results 
partly  responsible  for  the  hardening  of  red-lead  paints,  ^j^^^  ^^^,^  ^^  y^^  accepted  in  the  end. 
cause  the  formation  of  lead  glycerinate,  a  substance  ^y^^.  j^  j^  ^j^j^^.  ^j^g  contractor  cannot  strictly  apply 
that  is  recognized  as  one  of  the  hardest  and  most  dura-  ^j^j^  ^^^^  method  in  placing  his  sub-contracts?  Be- 
ble  cementing  materials.  It  is  obvious,  therefore,  that  ^^ygg^  jf  Yie  expects  to  make  his  contract  a  profitable 
linseed  oil  having  a  high  acid  number  and  often  con-  ^^^g^  ^^  ^^^  g^^^.  ^^^^  expects  to  prevent  loss  on  his  con- 
taining a  substantial  amount  of  free  glycerin,  is  dan-  ^ract,  his  work  must  go  along  systematically,  his  ma- 
gerous  to  use  in  making  red-lead  paints  that  are  to  Serial  must  be  delivered  at  the  proper  time,  and  the 
remain  in  packages  for  a  long  period  previous  to  use.  ^^^y.  ^^^^^  ^^g  accomplished  at  the  proper  stage;  all 
With  linseed  oil  it  is  probable  that  a  substance  hav-  t^e  bond  in  the  world  will  never  enable  the  contrac- 
ing  a  solvent  effect  upon  lead  glycerinate,  such,  for  ^or  to  progress  with  his  brick  work,  for  instance,  if 
instance,  as  certain  alcoholic  derivatives,  could  be  the  brick  have  not  been  delivered;  and  if  there  is  such 
combined.  These  would  evaporate  when  the  paint  was  ^  delay,  the  direct  and  indirect  expense  to  the  con- 
applied  and  the  formation  of  the  valuable  lead  glyceri-  tractor  is  incalculable. 

nate  cement  might  proceed  during  the  drying  of  the  jt  jg   human   nature   to   place   a   sub-contract  with 

oil.    For  this  purpose,  red  leads  high  in  litharge  would  the   lowest   bidder,    and   thereby    save    apparently   a 

be  most  active.  goodly  sum  of  money,   but  how  often  have  we  each 

_ found  that  this   course   sometimes   results   in   a  loss 

of  more  than  we  expected  to  gain.  It  is  such  risks 
as  these  that  justify  the  contractor  in  undertaking 
so  far  as  practicable,  to  develop  mechanics  in  all  the 

The  following  tabulation  showing  the  safe  loads  for  ^.jj^joyg  branches  of  work,  placing  in  the  hands  of  his 

ropes  and  chains  is  taken  from  a  bulletin  issued  recent-  f^j-eman  the  responsibility  for  the  expeditious,  eco- 

ly  by  the  National  Safety  Council.     The  figures  are  ^Qn^jp^l  and  satisfactory  execution  of  the  work, 

based  on  a  table  prepared  by  the  National  Founders'  Primarily   the   argument  for  a   general   contractor 

Association.    The  safe  loads  are  for  each  single  rope  ^^^1^  ^g  ^ased  upon  his  ability  to  get  branches  of 

or  chain.    When  used  double  or  in  other  multiples  the  ^^^  ^^^^  executed  properly,   economically  and  satis- 

loads  may  be  increased  proportionately.    When  han-  fgctorily;    why   should   a   contractor  who   places  the 

dling  molten  metal,  wire  ropes  and  chains  should  be  j-espons"ibility   on   his   foreman   for   employing   brick- 

25  per  cent  stronger  than  indicated  in  this  table.  layers  and  getting  brick  laid,  and  carpenters  to  in- 

^^"ti^^  stall  the  wood  work,  find  it  necessary  to  make  a  sub- 

atYo'  contract  to  have  the  painting  done  and  to  what  ex- 

^Lbs^'  tent  and  when  is  a  contractor  justified  in  carrying  this 

^5fl  plan  into  further  branches  of  his  work? 

2;ooo  What  does  he  gain  by  sub-letting  such  work?    The 

fZo  certainty  of  what  it  is  going  to  cost,  the  freedom  from 

oiooo  detail,  the  assurance  of  getting  skilled  men;  all  these 

siooo  are  good  arguments,  but  what  will  such  a  course  cost 

^I'llo  him?  and  in  how  many  instances  is  he  assured  that 
in  the  final  windup  he  will  have  secured  any  or  all 
of  these  benefits? 

Where  a  contractor  goes  into  territory  that  is  for- 

■  ■■■•  eign  to  him  he  feels  that  there  is  an  advantage  in 

:::::  placing  this  responsibility  on  others  who  will  be  more 

familiar   with   local   conditions,   but   his   lack   of  fa- 

•  ■•••  miliarity  with  local  conditions  carries  with  it  also  a 

:;:::  lack  of  knowledge  as  to  who  to  trust  in  placing  such 

sub-contracts;    and    such    a    lack   of   knowledge   may 

prove  his  undoing. 

il?  Under  what  circumstances  can  a  general  contractor 

ISO  ordinarily  afford  to  place  sub-contracts  of  this  kind? 

300  One  way"  would  be  by  having  developed  sub-contrac- 

lll  tors  who  will  go  from  place  to  place  and  who,  by  ex- 

600  nerience,  he  will  have  found  able  and  willing  to  work 

800 

1.050 
1.400 
2.000 
3.000 


Plow  Steel  Wire  Rope. 
(6  strands  of   19  or  37 

wires.)  , 

If    crucible    steel    rope' 

is      used      reduce     lo£ 

one-fifth. 


Crane    Chain. 
(Best  grade  of  wrought 
iron,  hand-made,  test-  . 
ed.  short  link  chain.)  ^ 

The  material  having 
an  ultimate  strength  = 
48000#/a' 


Manila    Rope. 

(Best   Long  Fibre 

Grade.) 


Whan 

When         used 

used        at  fiO° 

st.-aight.  angle. 

Lbs.         Lbs. 

1,500         1275 

2.400 

4,000 

e.ooo 

8,000 
10,000 
13,000 
16,000 
19,000 
22,000 


2,050 
3.400 
5,100 
6.800 
8,500 
11,000 
13,500 
16,000 
19,000 


When 

used 
at  45' 
angle. 
Lbs. 
1,050 
1.700 
2.800 
4,200 
5,600 
7,000 
9,000 

ii.noo 

13,000 
16,050 


300 
675 
1,200 
1,.S70 
2.700 
3,680 
4,800 
6,050 
7.500 
9,100 


120 
250 
360 
520 
620 


100 
210 
300 
440 


175 
250 
360 
420 
525 


1,000 
1,200 
1,(T00 
2.100 
2,800 
4,000 
6.000 


1.350 
l.SOO 
2,400 
3,400 
5,100 


2,ono 

2.S00 
4,200 
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•From   a   paper  presented   at    the   last   annual   meeting   of   the 
Association    of    Government    Contractors     by     Algernon      Blair, 

President    of    the    Association. 
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as  hard  as  he  does  and  shoulder  their  responsibility 
and  make  good. 

In  the  selection  of  a  manufacturer  of  material  the 
contractor  may  go  far  wrong  in  selecting  the  lowest 
quotation;  what  is  he  to  do?  He  can  hardly  afford  to 
say :  "I  will  never  buy  from  a  new  man"  because  the 
supply  of  experienced  manufacturers  would  thereby 
some  day  be  exhausted  if  that  rule  were  followed  gen- 
erally. It  is  suggested  that  he  should  decline  to  ac- 
cept quotations  radically  below  others  received,  or 
radically  below  his  judgment  of  the  reasonable 
amount;  he  should  protect  himself  in  every  reason- 
able wa.v,  and  he  should  make  special  effort  to  co- 
operate with  the  material  man,  that  the  probability 
of  errors  may  be  reduced  as  much  as  possible. 

What  has  the  manufacturer  a  right  to  expect  from 
the  contractor;  full  and  complete  data,  prompt  reply 
to  all  communications;  explicit  and  plain  information; 
careful  handling  of  material  at  the  building,  prompt 
statement  of  damage  to  shipments,  or  the  discovery 
of  errors  in  work;  very  prompt  and  explicit  statement 
of  any  charge  that  the  contractor  may  make  against 
him,  these  statements  being  supported  by  proper 
vouchers,  freight  bills,  or  otherwise,  to  show  clearly 
why  such  charges  are  made.     Full  and  prompt  com- 


Construction  Methods  for  Erection 
6-Story  Reinforced  Con- 
crete Building 

Construction  plant,  having  several  interesting  fea- 
tures, was  used  by  the  John  W.  Ferguson  Co.,  New 
York  City,  in  the  erection  of  a  6-story  reinforced  con- 
crete building  for  the  Sprague  Electric  Works.  The 
building  will  add  over  300,000  sq.  ft.  of  manufacturing 
space  to  the  plant  at  Bloomfield,  N.  J. 

The  mixing  plant  is  located  on  the  southern  side  of 
the  building  about  midway  between  the  ends  of  the 
proposed  structure.  Three  hoisting  towers  were 
erected,  one  at  the  mixer  and  the  other  two  half  way 
between  the  mixer  and  each  end  of  the  building.  Con- 
crete was  mixed  at  the  one  central  plant  where  ade- 
quate provision  was  made  for  receiving  the  cement 
and  aggregates  and  also  for  storing  sufficient  quan- 
tities of  both.  The  concrete  was  then  hoisted  up  the 
central  tower  and  dumped  into  one  of  three  hoppers 
on  this  tower.  Two  of  the  hoppers  feed  line  chutes 
running  to  the  two  remaining  towers.  The  third  hop- 
per is  for  loading  the  concrete  barrows  that  distribute 


Hoisting    Towers    ar>d    IVIaterial    Handling    Arrangement 

pliance  with  the  terms  of  agreement  as  to  payments. 
How  often  we  hear  the  expression  that  the  contractor 
does  business  on  the  money  of  the  material  man  or 
sub-contractor. 

What  has  the  contractor  a  right  to  expect  from  the 
manufacturer,  and  from  the  sub-contractor?  Prompt 
handling  of  all  correspondence;  prompt  and  complete 
furnishing  of  the  required  shop  drawings,  and  sam- 
ples; cheerful  acquiesence  in  the  reasonable  demands 
of  the  superintendent  appointed  to  interpret  the 
specifications;  a  realization  that  he.  the  material  man, 
has  undertaken  to  comply  in  behalf  of  the  contractor, 
with  all  the  terms  and  conditions  of  the  general  con- 
tract so  far  as  they  relate  to  his  particular  part  of  it. 

The  contractor  has  a  right  to  expect  from  the  man- 
ufacturer prompt  delivery  of  materials  at  the  time 
and  in  the  order  in  which  they  are  needed. 

It  is  entirely  possible  to  arrive  at  an  ideal  condi- 
tion in  respect  to  the  transactions  between  contractor 
and  manufacturer,  or  sub-contractor.  There  is  a  legal 
maximum  still  quoted  in  the  courts  "Caveat  emptor" 
— let  the  buyer  beware — but  surely  it  must  not  be  a 
case  of  "Caveat  emptor"  between  contractor  and  man- 
ufacturer or  sub-contractor,  but  of  honest,  intelligent 
co-operation. 


)n  struction    of    Sprague    Electric    Works    Building. 

the  concrete  for  the  columns  and  floors  near  this 
tower.  When  floors  and  columns  are  to  be  concreted 
at  either  end  of  the  building  the  concrete  is  hoisted 
up  this  central  tower,  allowed  to  flow  down  one  chute 
or  the  other  and  is  then  hoisted  by  bucket  up  the  side 
towers  to  a  receiving  hopper,  from  which  points  it  is 
distributed   by   concrete   barrows. 

Cement  is  received  by  rail  and  sidetracked  near  the 
building  site.  From  there  it  is  run  in  on  small  in- 
dustrial cars  to  the  mixer  and  the  storage  sheds  near- 
by. Had  there  been  suflScient  room  a  siding  would 
have  been  laid  of  standard  gage  track  alongside  the 
building.  Sand  and  stone  are  delivered  to  the  site 
by  Fierce  Arrow  trucks.  These  climb  a  fairly  steep 
runway  and  deposit  their  loads  over  the  tops  of  the 
storage  bins,  the  bins  being  filled  through  suitable 
gratings.  Surplus  stone  is  also  piled  beside  the  reg- 
ular storage  bin,  being  dumped  off  the  platform  by 
the  trucks.  Here  it  is  handled  by  a  jib  boom  and 
bucket,  and  placed  in  the  storage  bin  when  that  be- 
comes empty.  In  one  instance  this  extra  storage  out- 
side of  the  bins  has  tided  over  a  lapse  in  the  delivery 
by  the  trucks. 

Reinforcing  steel,  lumber,  steel  forms,  etc.,  are  de- 
livered to  the  site  by  rail    and    brought    in    by  the 
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smaller  industrial  cars.  For  hoisting  material  to  the 
various  floors  as  the  job  progresses,  auxiliary  jib- 
booms,  attached  to  the  sides  of  the  towers,  are  used. 


Masonry  Arch  Roof  for  Barns 

An  unusual  design  of  roof  for  barns  is  being  tried 
out  at  the  Iowa  Agricultural  Experiment  Station  at 
Ames,  la.  The  roof  is  arch  shape  and  built  of  rein- 
forced concrete  and  hollow  tile.  An  experimental  sec- 
tion of  arch  suitable  for  the  average  barn  was  erected 
during  the  summer  of  1915  by  the  agricultural  engi- 
neering section  of  the  station.  The  experiment  was 
described  by  Mr.  W.  G.  Kaiser  in  a  paper  presented 
at  the  last  annual  meeting  of  the  American  Society  of 
Agricultural  Engineers,  from  which  the  following 
notes  are  taken. 

The  equation  of  an  inverted  catenary  was  used  in 
the  preliminary  design.  The  arch  was  made  36  ft. 
wide  and  24  ft.  7  in.  high  to  the  crown.     Reinforced 


sides  of  the  arch  about  the  same  height  in  order  that 
the  loading  on  the  forms  would  be  better  distributed. 
The  concrete  in  the  ribs  was  poured  after  the  sections 
of  blocks  were  laid.  The  concrete  was  allowed  to  run 
back  into  the  air  space  in  the  tile,  thus  securely  bond- 
ing the  rib  to  the  hollow  tile  sheeting.  After  the  arch 
was  completed  it  was  washed  with  diluted  HCl  to  re- 
move the  mortar  stains. 

The  completed  arch  was  not  water  tight  and  with 
the  first  shower  water  poured  through  the  mortar 
joints  between  the  clay  blocks.  This  brought  up  the 
problem  of  securing  some  waterproof  coating.  Three 
methods  of  waterproofing  are  now  being  tested:  (1) 
An  application  of  a  cement  wash.  (2)  A  coating  of 
bituminous  roof  paint.  (3)  A  commercial  integral 
waterproofing  compound. 

Up  to  the  present  time  each  of  these  have  been  quite 
satisfactory.  Dampness,  however,  can  sometimes  be 
detected  on  the  under  side  after  a  heavy  rain. 

As  yet  no  tests  have  been  made  on  this  arch  except 


Showing    Formwork   for    Masonry    Arch. 

concrete  ribs  were  designed  to  carry  a  wind  load  of 
30  lb.  per  square  foot  according  to  the  elastic  arch 
theory.  Hollow  tile  was  used  as  sheeting  between  the 
concrete  ribs,  tile  being  chosen  because  it  is  a  lighter 
material  than  concrete  and  less  form  work  was  neces- 
sary. 

The  forms  for  the  arch  ribs  were  quite  complicated. 
Each  one  was  built  so  that  it  could  be  easily  taken 
down  and  re-erected.  Over  $100  was  expended  in  buy- 
ing the  lumber  to  make  the  forms  for  this  arch.  How- 
ever, once  constructed,  they  can  be  used  many  times. 
The  forms  had  to  be  well  braced  in  order  to  withstand 
the  heavy  loads  without  deflection.  Up  until  the  time 
that  the  arch  is  closed  the  entire  weight  of  the  arch 
must  be  sustained  by  the  form  work. 

Each  rib  was  reinforced  with  eight  ^^-in.  square 
twisted  bars,  four  on  the  top  and  four  on  the  bottom. 
No.  6  wire  was  carried  across  the  arch  in  every  mor- 
tar joint  between  the  tile. 

The  tile  were  laid  up  in  sections  trying  to  keep  both 


Complete   Masonry  Arch  for  Barn   Roof. 

a  weather  test.    At  the  present  time  there  are  no  signs 
of  cracks,  defects  or  failure  of  any  sort. 

Some  facts  and  figures  about  this  arch  are: 

Span  of  arch,  36  ft. 
Height   to    crown,    24    ft.    V    in. 
Length    of   section,    12    ft.    10    in. 
Distance    between   ribs.    6   ft. 
Perimeter  of  arch.   65  ft. 

Depth   of  rib,   S   in.    at  crown  increasing  to   14   in.    at  springing 
line. 
Width  of  rib,  10  in.  throughout. 
1.4no   lb.   steel   reinforcing. 
'Hin    hollow    tile.    5x8x12. 
Jlore   than   200  cu.   ft.    of  concrete. 

In  using  this  arch  as  a  barn  roof  it  is  planned  to 
have  the  arch  begin  at  the  loft  floor  line.  This  type 
of  construction  presupposes  masonry  walls  and  a  re- 
inforced masonry  loft  floor.  Another  plan  is  to  have 
the  aixh  extend  to  the  foundation  as  the  bottom  8  ft. 
of  such  an  arch  would  be  quite  perpendicular  and 
could  be  used  as  the  barn  wall. 


The  city  of  Pernambuco,  Brazil,  is  installing  a  new 
system  of  street  numbering.  The  metric  system  is 
used.  If  for  instance  the  number  of  a  house  is  134, 
then  that  particular  house  is  134  meters  from  a  cer- 
tain starting  point.  The  house  across  the  street 
would  be  135  meters  or  the  nearest  number  to  the 
actual  distance  from  the  starting  point.  The  system 
is  being  used  in  several  cities  in  southern  Brazil,  hav- 
ing been  first  tried  in  the  city  of  Bello  Horizonte. 
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City   Managers:    A   New    Oppor- 
tunity for  Engineers 

The  opportunities  in  the  city  management  field  are 
pointed  out  by  Mr.  Gaylord  C.  Cummins,  City  Manager 
of  Grand  Rapids,  Mich.,  in  an  article  in  The  Cornell 
Civil  Engineer.  In  his  article,  which  is  reprinted  be- 
low, Mr.  Cummins  points  out  the  possibilities  in  the 
field  and  makes  suggestions  as  to  how  the  engineer 
should  take  advantage  of  them. 

The  great  field  of  public  service  has  had  but  little 
attraction  in  the  past  for  engineers  who  were  ambi- 
tious and  far-seeing.  The  opportunities  were  gen- 
erally purely  local,  and  promotion  was  dependent  more 
on  political  standing  than  upon  efficiency  and  profes- 
sional ability.  In  fact  until  within  the  last  decade  an 
engineer  could  not  look  forward  to  anything  but  a 
slow  advance  at  meager  salaries  as  a  subordinate  in 
a  city  engineer's  office,  or  if  City  Engineer,  no  mat- 
ter what  his  record  might  be,  of  being  displaced  by 
a  shift  in  local  politics.  Within  the  last  decade  an 
efficient  City  Engineer  has  had  a  chance  to  be  drafted 
by  some  larger  city  on  the  basis  of  his  record,  and 
the  same  has  been  true  of  water  works  superintend- 
ents, etc. 

Even  at  the  best,  however,  there  was  not  a  suffi- 
cient incentive  for  a  young,  ambitious  engineer  to 
look  foi-ward  to  a  life  in  the  service  of  the  public.  The 
engineer  has  always  occupied  the  position  of  an  un- 
derling in  city  affairs.  He  seemed  content  to  keep 
clear  of  the  larger  aspects  of  public  affairs,  and  take 
what  came  his  way  with  thankfulness.  It  is  only 
within  the  last  few  years  that  he  has  started  to  take 
his  true  place  in  private  business,  and  now  he  is  tak- 
ing his  true  place  in  public  business,  and  public  serv- 
ice at  last  can  promise  enough  so  that  the  highest 
type  of  engineering  ability  can  be  attracted  with  an 
incentive  of  opportunity  such  as  exists  in  no  other 
field  where  the  engineer  is  pre-eminent. 

This  condition  has  been  brought  about  by  the  ad- 
vance of  the  so-called  Commission  Manager  form  of 
municipal  government.  This  plan  has  been  given 
much  publicity  in  the  last  few  years,  and  no  space 
will  be  taken  here  in  going  into  an  extended  explana- 
tion as  to  its  whys  and  wherefors. 

In  brief,  the  Commis~.ion  Manager  Plan  is  the  best 
effort  so  far  made  to  get  responsible  government.  It 
is  an  application  of  the  form  of  organization  proven 
to  be  the  best  in  private  corporate  business,  to  pub- 
lic corporate  business.  Its  advocates  argue  that  the 
same  principles  apply  in  all  essentials  to  these  two 
classes.  A  private  corporation  exists  for  the  pur- 
pose of  paying  cash  dividends  to  its  stockholders,  a 
City  Government  for  the  purpose  of  paying  dividends 
of  ser\-ice  to  its  people.  The  measure  of  efficiency 
of  each  is  the  percentage  which  is  furnished  for  the 
expenditures  involved.  Thus  the  administrative  side 
of  a  city  is  sirnply  a  business  proposition  and  should 
be  treated  as  such.  Our  many  and  various  troubles 
in  this  field  are  due  to  a  lack  of  recognition  of  this 
important  principle. 

The  Commission  Manager  Plan  consists  of  a  small 
legislative  body  elected  by  and  responsible  to  the 
people.  This  body  is  the  policy  fomiing  body  of  the 
city,  and  appoints  a  chief  administrative  officer,  the 
City  Manager,  who  is  responsible  to  it,  and  has  com- 
plete power  to  administer  and  carry  out  the  policies 
laid  down  by  the  legislative  branch.  The  legislative 
body  or  commission  corresponds  to  a  board  of  direc- 
tors of  a  corporation,  the  City  Manager  to  the  gen- 


eral manager.  This  form  of  organization  does  not 
insure  efficient  or  honest  government,  nor  will  any 
other  form  do  so,  but  applying  our  common  experience 
in  business  affairs,  it  is  the  only  form  under  which 
efficiency  can  be  secured,  and  honesty  is  much  better 
conserved  by  centralized  responsibility  than  any  sys- 
tem of  "checks  and  balances"  that  can  be  devised. 

Suffice  to  say  that  this  plan  is  doing  just  the  things 
claimed  for  it  in  over  80  towns  and  cities  in  this 
country  and  the  number  is  growing  by  laaps  and 
bounds. 

The  chief  thing  of  interest  to  readers  of  this  papei 
is  that  a  large  proportion  of  the  present  City  Man- 
agers are  engineers.  All  of  the  larger  cities  with 
the  exception  of  San  Jose,  Cal.,  have  engineers  as  City 
Managers  and  many  smaller  ones  find  it  absolutely 
necessary  to  have  engineers. 

The  engineering  profession  seems  to  be  the  pre- 
ferred field  from  which  to  take  City  Managers,  and 
this  is  not  at  all  surprising  when  it  is  appreciated 
that  fully  75  per  cent  of  municipal  problems  are  en- 
gineering problems,  speaking  of  engineering  in  its 
broader  sense. 

A  City  Manager  must  be  primarily  an  executive,  his 
previous  training  and  experience  are  worth  nothing 
without  that  qualification.  Unquestionably  an  engi- 
neer is  very  much  better  fitted  for  such  a  position 
than  a  man  with  any  other  training.  A  non-technical 
man  can  cope  with  the  problems  of  organization, 
finance  and  social  service,  but  he  cannot  work  into 
the  technical  questions  which  form  so  large  a  part 
of  his  work,  and  must  take  someone's  word  for  every- 
thing in  that  line.  An  engineer,  and  again  I  speak 
of  engineering  in  its  broad  sense,  has  a  grasp  of  the 
technical  questions  involved,  must  have  a  good  idea 
of  organization  if  his  experience  has  been  at  all  broad, 
and  must  have  a  knowledge  of  the  general  principles 
of  finance  and  accounting  if  he  has  been  in  responsi- 
ble charge  of  work.  The  only  field  in  which  he  is 
entirely  new  is  that  of  social  service,  and  the  fact 
is  indisputable  that  greater  advances  have  been  made 
along  social  lines  in  cities  managed  by  engineers 
within  a  few  years  than  had  been  made  in  them  dur- 
ing the  preceding  twenty.  Certainly,  other  things  be- 
ing equal,  the  man  with  a  technical  training  is  to  be 
preferred  as  City  Manager. 

The  openings  in  this  field  for  the  younger  man  are 
in  the  smaller  cities  and  towns.  A  large  number  of 
towns  from  3,000  up  are  taking  up  the  City  Manager 
plan,  and  a  man  who  handles  the  problems  of  such  a 
place  successfully  can  look  forward  to  rapid  promo- 
tion to  larger  towns,  as  there  is  a  lack  of  men  of  ex- 
perience in  this  line,  and  a  man  who  has  been  under 
the  load  and  gotten  results  is  sure  of  abundant  op- 
portunity to  advance.  To  inject  a  personal  note,  the 
writer  of  this  paper  has  had  during  his  two-year  serv- 
ice in  Jackson,  Mich.,  six  offers  at  increased  salary, 
the  last  of  which  he  took  when  called  to  Grand  Rap- 
ids, this  coming  after  conditions  in  Jackson  were  such 
that  he  could  feel  justified  in  turning  the  work  over 
to  another  man. 

The  young  man  who  wishes  to  get  into  this  field 
must  take  a  broad  view  of  engineering,  he  must  keep 
in  touch  with  many  things  outside  the  strictly  tech- 
nical field,  he  should  if  possible  get  into  municipal 
work  as  a  subordinate  for  a  time,  find  out  whether  or 
not  he  can  handle  men,  and  broaden  his  knowledge 
in  every  possible  way  along  the  lines  of  municipal 
government. 

Then  when  an  opening  as  City  Manager  for  a  small 
town  presents  itself  he  will  be  in  a  position  to  apply, 
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and  remember,  apply  in  person,  and  thus  get  his  start 
in  the  field. 

This  is  the  most  promising  field  for  engineers  at  the 
present  time  and  has  unlimited  possibilities.  A 
young  man  cannot  do  better  than  take  up  as  a  life 
work  the  profession  of  public  administration.  It  en- 
tails many  sacrifices  because  your  time  is  never  your 
own;  it  means  unjust  and  unfair  criticism,  but  the 
public  is  learning  to  appreciate  honest  and  efficient 
service,  and  the  pleasure  of  untangling  some  awful 
mess  in  local  misgovernment,  and  making  it  into  an 
eflficient  machine  for  rendering  service,  is  worth  every 
sacrifice  made. 


Water  Proofing  Concrete  Dam 
with  Cement  Gun 

The  Nevada-California  Power  Co.  has  recently  com- 
pleted the  waterproofing  with  a  cement  gun  of  the  base 
of  its  concrete  dam  at  Agnew  Lake  in  Mono  County, 
California.  The  gun  was  mounted  on  a  barge  which 
was  floated  up  against  the  face  of  the  dam  and  the 
water  being  lowered  or  raised  as  required  to  reach 
the  structure  at  the  different  elevations.  About  70 
or  80  lb.  of  air  was  used  in  the  gun.  The  mixture  was 
1  part  cement  to  2  parts  of  sand.  The  sand  was  re- 
dried  before  placing  in  the  mixing  chamber  and  one 
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man  watched  the  mixture  while  the  other  man  man- 
aged the  nozzle  and  shot  the  gunite  on  the  face  of 
the  structure. 

The  face  of  the  concrete  was  first  thoroughly  wet 
by  squirting  water  on  it  with  the  hose  and  then  the 
mixture  of  aggregate  and  water  was  regulated  by  the 
gun  handler  to  suit  the  conditions. 

The  gunite  was  placed  upon  the  dam  in  thicknesses 
varying  from  I4  in.  at  the  top  to  V.^  at  the  bottom, 
depending  entirely  upon  the  pressure  that  the  gunite 
is  placed  under.  The  company  has  found  this  method 
of  waterproofing  its  dams  very  satisfactory,  having 
scarcely  any  leaks  with  the  full  pressure  of  80  ft.  upon 
some  of  its  work.  It  has  had  samples  of  the  gunite 
placed  under  test  and  a  piece  of  it  1  in.  thick  failed  to 
show  any  leak  under  a  1,700-ft.  pressure.  The  piece 
finally  broke  under  3,400-ft.  head. 

The  work  was  done  under  the  direction  of  C.  0. 
Poole,  Chief  Engineer,  The  Nevada-California  Power 
Company. 


The  Transportation  Division  of  the  War  Depart- 
ment has  awarded  contracts  for  the  supply  of  10,550 
motor  trucks. 


New  Method  of  Combining  Metal 
Lath  and  Concrete 

A  new  and  simple  method  of  combining  metal  lath 
and  concrete  in  reinforced  concrete  building  construc- 
tion is  being  employed  in  the  erection  of  the  12-story 
building  at  15th  and  K  streets,  Washington,  D.  C,  for 
the  Federal  Trade  Commission. 

The  unit  around  which  the  work  revolves  is  a  special 
shaped  steel  form  by  which  a  concrete  T-beam  is  rap- 
idly formed  in  conjunction  with  the  tying  in  of  the 
reinforcing  rods,  a  metal  lath  floor  reinforcement, 
and  the  metal  lath  for  the  ceiling  plaster. 

After  the  first  wood  framework  is  set  up  as  in  the 
majority  of  reinforced  concrete  construction,  the  en- 
tire area  of  the  building  is  laid  with  metal  lath  on 
top  of  the  wood  framework.  Reinforcing  rods  are  then 
set  up  and  accurately  spaced  for  T-beams  on  centers 
of  28-in.,  and  the  metal  special  shaped  forms  are  set 
in  place  on  top  of  the  lath  and  wood  structure.  These 
forms  are  spaced  with  wood  wedges  cut  to  accurately 
space  out  the  forms  and  they  are  left  in  place  until 
after  the  concrete  T-beams  have  received  their  initial 
set,  when  the  wedges  are  taken  out  and  the  metal 
forms  removed. 

These  forms  are  removed  upward  instead  of  down- 
ward and  can,  therefore,  be  removed  before  the  beams 
are  strong  enough  to  support  their  own  weight,  thus 
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Section    of    Floor   Showing    IVIetiiod    of    Using    IVIetal    Lath. 

greatly  speeding  up  the  process  of  erection.  In  fact, 
the  new  Federal  Trade  Commission  Building  has  gone 
forward  at  the  rate  of  one  floor  poured  every  five 
working  days. 

After  the  metal  forms  are  removed,  the  electric  wir- 
ing, plumbing  and  gas  fitting  contractors  get  right 
on  the  job  and  complete  their  work  on  the  particular 
floor  under  construction  and  another  expanded  metal 
lath  web  is  run  over  the  entire  area  of  the  building. 
On  this  web  is  poured  a  3-in.  cinder  concrete  floor, 
the  metal  lath  serving  for  both  reinforcing  and  base 
to  hold  the  concrete. 

After  the  roof  beams  were  in  place,  metal  lath  was 
webbed  over  them  and  the  roof  was  poured  of  con- 
crete, wires  to  support  the  metal  lath  suspended  ceil- 
ing having  already  been  keyed  into  the  roof  support- 
ing beams. 

It  is  stated  that  estimates  made  on  this  particular 
job  indicate  that  the  saving  in  steel  due  to  this  method 
of  using  metal  lath  will  vary  from  20  to  30  per  cent 
over  normal  for  a  building  of  this  type  and  size. 

The  T-Beam  Engineering  Co.,  Washington,  D.  C,  is 
the  contractor  for  the  Federal  Trade  Commission 
Building,  and  B.  Stanley  Simmons,  Washington,  D.  C, 
is  the  architect. 
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Constructing  590  x  240   ft.  Con- 
crete Building  at  Rate  of  One 
Floor  Per  Week 

A  concrete  plant  particularly  well  designed  for 
fast,  steady  mixing  and  placing  and  which  has  sev- 
eral unusual  features  of  interest,  is  being  employed 
by  E.  W.  Sproul  Company  in  building  a  6-story  and 
basement  590x240  ft.  storage  warehouse  for  Mont- 
gomery, Ward  &  Co.  at  39th  and  Robey  Sts.,  Chicago. 

The  mixing  plant,  consisting  of  two  ^a-yd.  Mil- 
waukee mixers,  stone,  sand  and  cement  storage  bins, 
is  located  at  the  exact  center  of  the  building.  See 
Fig.  3.  Sand  and  stone  cars  come  in  on  a  trestle 
level  with  the  first  floor  and  extending  from  the  west 
side  of  the  building  to  within  40  ft.  of  the  mixing 
plant,  and  dump  through  the  trestle  into  a  long  hop- 
per bottom  storage  bin.  On  each  side  of  the  V-shaped 
bottom  of  the  bin  is  a  conveyor  belt  leading  to  the 
storage  bins  above  the  mixer,  one  for  sand  and  the 
other  for  stone.  These  bins  are  placed  one  over  the 
other,  a  unique  arrangement  which  gives  the  maxi- 
mum amount  of  storage  for  a  minimum  area  of  space. 


through   a   floor  hopper  onto   a   conveyor   belt   which 
in  turn  delivers  to  the  cement  storage  bin.    The  cross 
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Fig.    1. — Constriicticn    View    of    Ne.v    Storage    Warehouse    Being    Erected  for   Montgomery  Ward  &  Co- 

Bags  of  cement  are  delivered  to  a  shed  on  the  first      section  view   (Fig.  2)   shows  the  arrangement  of  the 

floor  and  two  men  wheeling  and  two  men  emptying      storage  bins. 

sacks  keep  a  steady  stream  of  bulk  cement  dropping  The  two  mixers   empty   into  a  common   hopper  of 
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Fig.   3.— Concrete    Plant    Layout   for   Storage   Warehouse   for    Montgomery   Ward    &   Co.    at   Thirty-ninth    and    Robey    Streets.,    Chicago. 
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about  3-yd.  capacity  which  by  means  of  a  hopper  bot- 
tom with  two-way  spout  feeds  two  1-yd.  Lakewood 
hoist  buckets  operating  independently  in  a  double 
can  be  filled  simultaneously  or  one  bucket  can  be 
filled  while  the  other  is  .traveling  up  or  down,  or 
either  mixer  can  be  operated  separately  with  either 
hoist  tower.  Thus,  each  bucket  is  always  hoisting 
more  than  a  full  batch  of  the  mixer  and  both  buckets 
bucket.  At  the  top  of  the  tower  the  buckets  dump 
into  separate  hoppers  emptying  into  a  three-way  chute 
from  which  the  two  lines  of  spouting  diverge.  This 
permits  of  spouting  all  the  concrete  one  way  or  one 
tower  can  serve  the  spouts  in  both  directions  if  neces- 
sary. 

The  two  lines  of  spouting  extend  east  and  west 
from  the  twin-towers  125  ft.  in  each  direction  and 
each  line  dumps  into  two  floor  hoppers  placed  back 
to  back.  This  divides  the  floor  into  four  equal  units 
and  the  distance  from  any  point  in  one  unit  to  the 
floor  hopper  situated  in  that  unit  is  the  same  as  from 
a  corresponding  point  in  another  unit  to  its  floor  hop- 
per. This  makes  it  possible  to  keep  the  wheelers 
moving  with  almost  clock-like  precision. 

This  plant  was  designed  to  mix  and  place  900  cu. 
yd.  in  eight  hours,  but  it  has  turned  out  over  1,000 
cu.  yd.  on  some  days.  The  last  three  floors  have  been 
poured  at  the  rate  of  a  floor  a  week;  the  fourth  floor 
was  started  June  29;  fifth  floor,  July  5;  sixth  floor, 
July  12,  and  the  roof,  July  20.  The  last  of  the  40,000 
cu.  yd.  of  concrete  will  probably  be  in  place  before 
Aug.  1. 


MotorTrucks  Deliver  Concrete  for 
Track  Elevation  Work 

Motor  trucks  are  the  concrete  carriers  used  by  W. 
J.  Newman  Co.,  Chicago  contractor,  in  building  retain- 
ing walls  for  track  elevation  and  yard  e.xtension  of  the 
C.  &  W.  I.  R.  R.  in  Chicago. 

The  job  involves  the  placing  of  concrete  at  scat- 
tered points  over  an  area  approximately  3,500x400  ft. 
The  retaining  walls  will  extend  along  Canal  St.  for 
a  distance  of  six  city  blocks  north  and  south  from 
23d  St.  to  29th  St.  with  abutments  at  each  intersect- 
ing street  extending  east  to  the  present  track  eleva- 
tion of  the  C.  &  W.  I.  R.  R.  and  Pennsylvania  Lines,  a 
distance  of  about  400  ft. 


Mixing    PI 

By   using 
the  concrete 
1-yd.  electric 


ant  on    C.   &   W.    1.    R.    R.   Elevation   Worl<. 

motor  trucks  to  convey  and  distribute 
a  central  station  mixing  plant  with  a 
driven  Lakewood  mixer  is  made  to  serve 


the  entire  job.  The  mixing  plant  is  erected  on  the 
west  side-hill  approach  of  the  25th  St.  viaduct  of 
the  C.  &  W.  L  R.  R.  and  is  built  so  that  the  mixer 
loading  platform  is  at  the  track  level  with  sand  and 
stone  storage  bins  above.  Two  sidings  provide  ample 
track  room  for  material  cars.  A  Lakewood  clam- 
shell bucket  is  operated  12  hours  a  day  unloading 
sand  and  stone  from  cars  to  bins,  starting  two  hours 
ahead  of  the  mixing  plant  in  the  morning  and  con- 
tinuing two  hours  after  the  mixer  has  shut  down  in 
the  afternoon. 

The  footings  poured  up  to  date  (July  21)  are  on  23d 
St.,  23d  Place,  24th  St.  and  24th  Place,  and  Canal  St. 
between  these  streets  and  involved  the  placing  of  con- 
crete at  distances  varying  from  500  to  1,200  ft.  from 
the  mixing  plant.  The  method  used  was  as  follows: 
Three  6-ton  Garford  trucks,  each  carrying  3  cu.  yds.  of 
concrete,  followed  a  route  from  the  mi.xing  plant  to  the 
forms  and  around  a  loop  back  to  the  plant.  The  concrete 
was  dumped  by  the  trucks  onto  a  chute  and  into  the 


Trucl<    with    Buiit-up    Frame. 

forms,  filling  the  forms  to  within  2  ft.  of  the  ground 
level.  Placing  the  concrete  for  the  top  2  ft.  of  the 
footings  was  much  more  costly.  For  this  part  of 
the  work  the  concrete  was  delivered  in  1-yd.  bottom 
dump  buckets,  each  truck  carrying  two  buckets.  The 
concrete  was  poured  by  lifting  the  buckets  out  of  the 
trucks  and  over  the  forms,  a  Thew  steam  shovel  serv- 
ing as  a  crane. 

On  the  remainder  of  the  footings,  the  contractor 
expects  to  pour  all  the  concrete  directly  from  trucks 
into  forms  by  using  trucks  with  bodies  raised  30  ins. 
above  the  chassis  on  a  built-up  framework.  The  il- 
lustration shows  a  truck,  so  constructed,  backed  up  to 
a  concrete-filled  form  and  with  dump  body  hoisted.  A 
fan-shaped  chute  will  be  bolted  onto  the  rear  of  the 
truck  so  that  the  concrete  can  be  dumped  into  place 
by  the  truck  driver  and  only  one  laborer  will  be  re- 
quired at  the  forms.  An  output  of  300  yd.  placed 
per  day  is  expected,  although  the  best  8-hr.  record  to 
date  is  284  yd. 

For  the  retaining  walls  proper,  Blaw  traveling  wall 
forms  will  be  used  and  the  method  of  delivering  con- 
crete in  bottom  dump  buckets  will  be  followed  with  a 
Browning  locomotive  crane  to  lift  the  buckets  out  of 
the  trucks  and  up  to  a  chute  which  dumps  into  the 
forms. 

The  total  yardage  for  the  footings  is  about  17,000 
cu.  yds.  and  for  the  walls  and  abutments  about  30,000 
cu.  yds. 

Herbert  Kent  is  contractor's  superintendent,  and  H. 
L.  Hodges  engineer  for  the  C.  &  W.  I.  R.  R. 
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No  Such  Thing    As   "100%    Eco- 
nomic Efficiency" 

The  late  Judge  Pennypacker  of  Pennsylvania,  while 
hearing  a  rate  ca.se  before  the  Public  Utility  Com- 
mission, interrupted  an  engineering  witness  who  was 
testifying  that,  due  to  the  progress  of  science,  every 
utility  plant  constantly  undergoes  rebuilding. 

"But,  surely,"  said  the  commissioner,  "you  do  not 
expect  this  condition  of  perpetual  change  to  continue 
indefinitely.  You  are  constantly  aiming  at  perfec- 
tion, I  know,  but  you  are  therefore  constantly  com- 
ing nearer  to  your  goal ;  and  some  day  you  will  arrive. 
Thereafter  this  functional  depreciation  that  you  speak 
of  will  cease." 

"No,  you  are  wrong,"  replied  the  witness.  "Al- 
though there  is  such  a  thing  as  100  per  cent  mechan- 
ical efficiency,  which,  if  not  entirely  attainable,  may 
at  least  be  approached  very  closely,  there  is  no  such 
thing  as  100  per  cent  economic  efficiency.  It  is  a 
fallacy  to  assume  that  there  is,  for  it  will  always  re- 
main possible  to  improve  economically  on  the  best 
that  has  ever  been  done." 

The  judge,  who  was  an  extremely  well-read  man, 
seemed  unable  to  grasp  the  distinction  between  me- 
chanical efficiency  and  econon.ic  efficiency,  so  he  per- 
sisted in  his  questioning  until  he  finally  propounded 
this  poser: 

"Well,  if  economic  perfection  is  never  attained  any- 
where, will  you  explain  why  it  is  that  the  ax  has  re- 
mained unchanged  for  a  hundred — and  I  don't  know 
but  five  hundred — years?" 

The  engineer  replied:  "I  am  glad  you  seleQted 
that  illustration,  for  I  happen  just  to  have  read  that 
axes  have  been  greatly  improved  recently  by  the  use 
of  new  steels  containing  small  quantities  of  chro- 
mium, which  serves  to  harden  the  steel  to  such  an 
extent  that  an  a.x  can  be  used  for  weeks  without 
sharpening." 

The  engineer  might  have  gone  farther,  pointing  out 
that  axes  have  been  largely  displaced  by  hand  saws, 
and  hand  saws  by  power-driven  saws  in  logging 
camps. 

We  wonder  whether  even  engineers  are  always  free 
from  the  misconception  that  exists  frequently  among 
non-scientific  men  as  to  the  possibility  of  attaining 
an  economic  efficiency  of  100  per  cent.  And  we  are 
led  thus  to  wonder  about  engineers  whenever  we  con- 
sider how  many  of  them  practically  cease  engineer- 
ing and  scientific  reading  a  few  years  after  gradua- 
tion. Surely  no  man  would  stop  such  study  unless  he 
felt  either  that  he  had  attained  almost  100  per  cent 


economic   efficiency,  or  that  it  profits  no  one  to  ad- 
vance more  than  slightly  beyond  his  fellows. 


The   Maintenance    Cost  of    Plain 
Concrete  and  Tarred  Con- 
crete   Compared 

At  the  annual  meeting  of  the  Virginia  Road  Build- 
ers' Association,  W.  F.  Childs,  resident  engineer  of 
the  Maryland  State  Road  Commission,  gave  some 
maintenance  data  based  on  experience  with  concrete 
roads  in  Maryland. 

On  the  Salisbury-Ocean  City  Road,  17  miles  long, 
built  in  1914,  one  section  was  left  without  a  bitu- 
minous top,  and  another  section  was  covered  with  a 
mat  of  tar  and  stone  chips  ^f,  in.  thick.  The  main- 
tenance costs  of  the  two  sections  have  been  approxi- 
mately as  follows  per  mile  per  year: 

Without  "With 

tar  tar 

mat.  mat 

Surfacing,   including  tar  and  chips. $24.00  $30.00 

Miscellaneous   materials    and    supplies G.OO  8.00 

Earthwork    13.00  11.00 

Total   per  year , $43.00  $49.00 

For  a  (1:2:4)  concrete  pavement  14  ft.  wide  and 
averaging  6  in.  thick  the  contract  price  was  $1.30  per 
sq.  yd.,  and  the  tar  mat  added  10  ct.  per  sq.  yd.,  or 
$520  per  mile. 

Based  on  these  maintenance  costs,  Mr.  Childs  be- 
lieves that  the  surface  of  concrete  road  should  be  left 
bare  until  it  has  worn  to  such  an  extent  as  to  become 
rough,  say  for  five  years  under  "normal  traffic  con- 
ditions." Then  a  bituminous  top  1  to  2  in.  thick 
should  be  placed  on  the  roadway. 


One  Reason  for  Low  Salaries  for 
Teachers 

If  the  mythical  man  from  Mars,  possessing  a  knowl- 
edge far  transcending  ours,  were  to  visit  this  planet, 
it  seems  certain  that  he  would  be  astonished  at  our 
entire  system  of  compensation  for  services  rendered. 
Learning  that  Charlie  Chaplin  receives  a  remunera- 
tion of  a  million  dollars  a  year,  he  would  exclaim: 

"There  is  a  genius  whom  I  must  meet  at  once,  for 
he  is  advancing  the  welfare  of  humanity  at  a  pro- 
digious pace,  else  society  would  not  reward  him  so 
lavishly." 

But  his  earthly  guide  would  try  to  dissuade  the 
Martian,  urging  a  visit  first  to  some  one  of  our 
scientific  professors  whose  contributions  to  the  world's 
useful  knowledge  has  been  great,  or  perhaps  to  some 
teacher  who  had  trained  such  a  genius  as  Langmuir 
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or  Pupin.    The  Martian  may  be  conceived  as  then  ask-  more  than  500  vehicles  daily.     We  should  like  to  see 

ing:  the   actual   records  to  justify   any   such   estimate   of 

"How  much  greater  salary  does  this  professor  re-  the  cost  of  resurfacing  roads  of  this  type  after  hav- 

ceive  than  that  awarded  to  Mr.  Chaplin  for  his  evi-  ing  spent  $100  to  $200  a  mile  in  annual  maintenance, 

dently  enormous  service  to  mankind?"  Such  records  as  we  have  printed  during  the  last  dec- 

"About  three-tenths  of  one  per  cent  as  much."  ade  certainly  do  not  accord  with  the  assumptions  of 

"Yet  you  mean  to  say  that  I  should  visit  this  evi-  this  engineer, 

dently  inconsequential  professor  first,  this  earner  of  The  bituminous  macadam  is  assumed  to  be  resur- 

a  paltry  $3,000  a  year?"  faced  at  the  end  of  10  years  for  50  per  cent  of  its 

"You  should.  I  am  sorry  to  tell  you  that  on  this  original  cost.  The  concrete  road  is  assumed  to  be  re- 
planet  we  have  no  rule  of  award  such  as  you  ap-  surfaced  with  bituminous  concrete  or  otherwise  re- 
parently  have  on  Mars.  We  leave  the  matter  largely  built  at  the  end  of  15  years  at  a  cost  of  $10,000  a 
to  the  vote  of  the  populace.  The  service  that  pleases  mile,  or  about  62  per  cent  of  its  original  cost.  The 
the  crowd  most  usually  determines  the  size  of  the  brick  road  is  to  be  rebuilt  at  the  end  of  25  years  at 
emolument.  We  dignify  this  practice  by  calling  it  the  a  cost  of  $18,000  a  mile,  or  about  82  per  cent  of  its 
operation  of  the  law  of  supply  and  demand."  original  cost!     We  challenge  every  one  of  these  as- 

"My  word!"  sumptions,  and  demand  the  supporting  data. 

The  economic  law  that,  to  secure  the  greatest  eco-  There  is  an  unusually  prolific  production  of  articles 
nomic  progress,  men  should  be  paid  in  proportion  to  in  which  guesses  are  made  to  serve  for  facts  in  esti- 
their  personal  contribution  to  general  efficiency,  is  mates  of  this  sort;  and  we  fear  that  such  articles  in- 
self-evident.  If  it  were  permitted  to  operate  freely,  dicate  altogether  too  much  guessing  on  the  part  of 
the  salaries  of  our  most  effective  teachers  would  equal  road  designers.  Most  of  us  are  capable  of  calculating 
the  present  incomes  of  our  most  talented  comedians;  the  annual  cost  of  a  road  if  we  possess  reliable  data 
and  perhaps  the  incomes  of  our  comedians,  and  our  as  to  life  and  maintenance  under  stated  conditions, 
star  baseball  players,  and  our  patent  medicine  manu-  Let  us  have  more  data, 
facturers  would  volplane  swiftly  from  their  financial                                   

'"ImTd'the   mass   of  errors  that   socialism  has   em-  The  MayOr  Of  Atlanta  HaS  3  Board 

braced,  there  is  a  justifiable  protest  against  the  pres-  of    CoilSUltin^  Kn^ilieerS 

ent  system  of  human  rewards.     Their  greatest  error 

consists   in  aiming  to  equalize  compensations   under  Acting  upon  a  suggestion   of  an   engineer,   Mayor 

a  svstem  that  would  put  an  Edison  almost  on  a  paritv  Candler  of  Atlanta,  Ga.,  has  appointed  five  engineers 

with  any  of  his  subordinates  in  the  matter  of  income.  <-o  serve  as  a  consulting  board.   The  board  meets  twice 

The    salaries   of  our  teachers   will   remain   inordi-  monthly  and  makes  suggestions  to  the  City  Council, 

natelv  small  until  scientific  men  have  a  prepondering  The  members  are:    J.  N.  Hazlehurst,  Cecil  P.  Poole, 

voice  in  determining  what  they  should  be.  G.  R.  Soloman,  H.  F.  Hontz  and  A.  M.  Schoen.    They 

serve  without  compensation. 

—,        .            vTJi:>j-               r^  ^^^  commend  this  plan  to  the  careful  consideration 

The    Crying     Need    of     More     Data  of  our  readers  in  every  city  in  America.    It  is  a  simple 

f\n    thp»    T  \if^    c\n{\    RAntiir    Pr»«t«  method  of  gaining  for  engineers  a  standing   in  the 

Oil    llie    l^lie    dllU    rvepail     V>.U»IS  ^^.^g  ^^  ^^^  community  not  readily  attainable  other- 

Of    Roads    and    Pavements  wise.     Given  the  opportunity  to  shape  the  course  of 

municipal    legislation,    it   would   be   a   weak  bodv   of 

Isn't  it  high  time  that  highway  engineers  produce  engineers  indeed  that  could  not  win  for  itself  the  es- 

more  statistics  and  fewer  guesses   as  to  the  life  of  teem  and  gratitude  of  the  public. 

pavements  under  given  conditions?     We  have  repeat- 

edly  criticised  estimates  of  the  annual  cost  of  pave-  yj        A\'     /i.     Ti        '/^       Ti'l 

ments  of  different  types,  and  have  quite  as  frequently  rlanaling     raVing       tSriCK     in 

called  for  data  to   back  up  the  estimates   as  to  de-  "Packets"  and   "Ca^es" 

preciation  and  repairs.     Yet  year  after  year  goes  by  ^ 

with  no  satisfactory  addition  to  published  knowledge  In  his  "Bricklaying  System,"  Frank  B.  Gilbreth  de- 

on  these  important  elements  of  road  and  street  cost,  scribes  the  use  of  wooden  "packets"  on  which  bricks 

Recently  an  engineer  of  a  state  highwav  department  ar»  piled  and  thereafter  handled  in  unit  groups.   This 

published  an  article  giving  estimated  annual  costs  of  cheapens  the  cost  of  loading  and  unloading,  for  bricks 

different  types  of  roads.     His  estimates  were  as  fol-  ^^re  not  handled  individually,  but  in  bunches.     More- 

Jq-^vs;  over,   since  each   bricklayer  is  required  to  keep   the 

iiT-it.    ic-tt.  wooden  "packets"  on  file,  the  number  of  brick  laid  by 

surf,    bound     16-ft.  each  man  can  be  ascertained. 

9-tt.     16-ft     mac-     mac-      con-      iG^ft.  The  Gilbreth  "packet"  is  made  of  a  few  small  pieces 

gravel,  gravel,  adam.    adam.     crete.      brick.  »,        ,           ,.          .              nii^j-                       i-iii 

Cost  per  mile $3,000    $4,000    $9,000    $8,000    $16,000    $22,000  of  lumber,  forming  a  flat  platform  on  which  about  a 

DeprlcfatforfuSr.-.:     2I2       1?^       f,l       753         III      ''494  ^ozen  bricks  are  piled.     An  evolution  of  this  plan  is 

Maintenance 100  150  35fl  200  100  50  to  be  Seen  in  the  "cage"  that  holds  about  75  "pavers" 

Total  annual  cost.?  532    %  723    $1,192    $1,353    $  1,438    %  1,644  weighing  500  lb.     A  "cage"  is  a  flat  platform  with 

^''''fng''*'"'^  ''*'^"''"^"        5          5         10          5          15          2ri  i^on  stlrrups  that  pass  under  its  bottom  and  project 

Limit  of  daily  ve'h'icies    200       SOU     1.000       500       2,000       2,400  upward  at  each  end  to  a  height  of  4  ft.     Brick  are 

The  depreciation  fund  is  assumed  to  earn  3  per  cent  stacked  on  this  cage,  and  a  portable  derrick  is  used  to 

interest  and  to  be  used  for  rebuilding  the  road  at  the  handle  the  loaded  "cage."    The  end  of  the  derrick  line 

end  of  the  term  of  years  given  in  the  table.  has  a  "yoke"  attached,  and  this  "yoke"  is  slipped  into 

In  the  case  of  gravel  and  waterbound  macadam  the  the  loops  of  the  iron  stirrups, 

road  is  assumed  to  be  rebuilt  (resurfaced)  at  the  end  An  auto-crane  operated  by  one  man  can  thus  handle 

of  5  years  for  one-half  the  original  cost,  and  it  is  as-  bricks  from  the  car  onto  a  motor  truck,  and  another 

sumed  that  these  types  of  roads  are  not  economic  for  derrick  can  unload  the  "cages"  at  the  road  or  street 
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where   the   "cages"   are   dumped    and    the   brick   are 
stacked  in  piles. 

A  few  years  ago,  when  common  laborers  could  be 
hired  for  half  the  present  wages,  the  use  of  small 
derricks  for  handling  "skips"  full  of  materials  was 
economic.    Today  the  economy  is  far  greater. 


for  the  issue  of  road  bonds  is  largely  attributable  to 
A.  D.  Williams,  Chief  Road  Engineer  of  the  State 
Road  Bureau.  Mr.  Williams  has  shown  in  a  striking 
manner  what  an  energetic  engineer  can  do  to  promote 
the  building  of  improved  roads  by  educating  the  pub- 
lic and  by  showing  how  slight  the  burden  is  under  a 
bonding  plan. 


The  Economy  of  Motor  Tractors 
for  Street  Cleaning 

Repeatedly  we  have  urged  the  flushing  of  city 
streets,  for  we  believe  that  not  until  flushing  is  gen- 
erally adopted  will  there  come  a  marked  reduction  in 
lespiratory  diseases.  While  flushing  is  cheaply  done 
with  tanks  mounted  on  street  cars — as  in  Worcester 
and  other  Massachusetts  cities — it  is  evident  that 
most  of  the  flushing  will  be  done  with  tanks  drawn 
by  tractors  or  mounted  on  motor  trucks. 

Street  flushing  is  usually  done  at  night;  hence  it 
becomes  practicable  to  work  motor  tractors  two  shifts 
daily.  In  the  day  time  the  tractors  can  haul  garbage 
and  refuse  wagons,  and  at  night  the  same  tractors  can 
haul  flushers  and  street  sweepers.  The  city  of  New 
York  has  just  purchased  34  Garford  motor  tractors 
to  be  used  in  this  way. 

Double  shift  work  cuts  in  two  the  interest  charge 
per  mile  of  haul  and  correspondingly  reduces  the  item 
of  garage  rental.  Let  our  readers  bear  this  in  mind 
when  estimating  the  saving  to  be  effected  by  tractors 
as  compared  with  horses  for  work  of  this  kind. 

In  order  to  decrease  the  cost  of  street  cleaning  and 
at  the  same  time  to  increase  the  eflfectiveness  of  street 
flushing,  smoother  pavements  must  be  laid  on  many 
streets.  There  are  today  thousands  of  miles  of  pave- 
ments that  not  only  are  a  disgrace  to  our  cities  but  a 
constant  menace  to  health,  to  say  nothing  of  the  in- 
creased cost  of  delivering  goods  over  them.  Every 
civil  engineer  and  street  superintendent  should  make 
it  part  of  his  public  duty  to  take  the  initiative  in  a 
campaign  to  revise  city  ordinances  so  that  street  im- 
provement costs  will  be  assessed  upon  the  entire  prop- 
erty within  the  city  rather  than  upon  abutting  prop- 
erty owners;  for,  until  the  change  is  effected,  prog- 
ress in  street  improvement  will  be  relatively  slow. 


Editorial  Comments 

Only  slightly  more  than  10  per  cent  of  the  total 
road  mileage  in  America  can  be  classed  as  "surfaced 
roads" — that  is,  surfaced  with  gravel,  sand-clay  or 
some  better  form  of  wearing  coat.  In  England  there 
is  said  to  be  not  a  single  unsurfaced  mile  of  road. 
It  may  be  some  years  before  we  attain  England's  road 
condition,  but  we  are  at  last  headed  that  way. 


It  is  estimated  that  nearly  $100,000,000  will  be 
spent  this  year  for  roads  in  16  southern  states.  If 
the  South  was  a  long  time  in  waking  up  as  to  the 
economy  of  good  highways,  she  is  evidently  not  going 
to  sleep  again. 


Although  it  is  easy  to  specify  that  gravel  and  sand 
shall  be  of  such  and  such  sizes  and  free  from  such 
and  such  amounts  of  loam  and  dirt,  it  often  costs  a 
pretty  penny  to  secure  the  specified  material.  Con- 
tractors will  do  well  to  assure  themselves  that  the 
specified  materials  for  a  road  are  available,  for  en- 
gineers are  not  always  careful  to  draw  specifications 
that  fit  the  local  conditions.  Then  there  follows 
trouble  for  somebody,  and  the  somebody  is  usually 
"the  party  of  the  second  part." 


During  the  last  three  years  nearly  $16,500,000  has 
been  raised  for  road  building  by  bond  issues  in  31 
counties  of  West  Virginia,  or  at  the  rate  of  $5,500,000 
a  year.    Success  in  arousing  the  public  to  enthusiasm 


Billy  Sunday  and  Engineers 

To  the  Editor:  I  was  much  interested  by  the  edi- 
torial in  your  July  25  issue  entitled  "We  Need  an 
Engineering  Billy  Sunday  in  our  Midst."  Sunday,  by 
the  way,  is  one  of  the  few  preachers  that  speak  of 
civil  engineers  in  their  sermons.  In-  one  of  them  he 
mentions  the  awful  bridge  disaster  at  Ashtabula,  0., 
stating  "in  casting  the  great  steel  girders  they  saw- 
there  was  a  defect  in  one  of  the  moulds  and  particles 
of  air  crept  in  with  the  metal  and  left  a  space  several 
feet  long.  The  cracks  were  filled  up  with  a  preparation, 
the  beam  put  in  place,  and  there  it  stood.  On  a  certain 
stormy  night  a  train  dashed  on  the  bridge,  it  trembled 
and  down  it  went,  87  lives  being  lost." 

Not  a  technical  description,  but  one  that  hearers 
can  understand. 

Sunday's  picturesque  description  of  the  stone  bridge 
over  the  Conemaugh  River  at  Johnstown,  Pa.,  which 
withstood  the  memorable  flood  is  also  interesting: 

"Years  and  years  ago  (1888)  a  civil  engineer  re- 
ceived an  order  from  the  Pennsylvania  Railroad  Co. 
to  build  the  best  bridge  at  a  certain  point,  that  his 
mechanical  skill  could  produce.  He  started  to  dig  deep 
and  lay  the  foundation  on  the  base  of  the  mountain, 
and  some  of  the  old  engineers  were  jealous  of  his 
success  and  said:  'Throw  in  some  concrete  and  it  will 
do  just  as  well.' 

"Said  he:  'The  company  is  constantly  increasing  the 
number  of  its  trains  and  the  rest  of  its  rolling  stock 
and  I  do  not  know  what  this  bridge  will  be  called 
upon  to  endure,  but  I  will  build  the  best  I  know  how.' 
"He  created  that  bridge  and  there  it  stood  for  years, 
with  nothing  more  than  the  ordinary  weight  of  trains, 
passing  back  and  forth  to  test  it. 

"Away  back  on  the  Allegheny  mountains,  was  an 
artificial  lake  three  miles  long,  a  mile  wide  and  in 
some  places  100  to  150  ft.  deep  made  by  the  million- 
aires of  Pittsburgh. 

"Twenty-nine  years  ago  it  drizzled  and  rained  for 
two  weeks,  day  and  night,  until  every  rivulet  and  rill 
was  a  roaring  torrent.  Then  the  dam  holding  back 
this  lake  broke.  The  water  cut  great  gulleys  that  you 
could  have  dropped  this  tabernacle  into.  It  took  great 
rocks  that  weighed  unknown  tons.  The  water  swirled 
against  that  bridge,  and  it  never  moved. 

"It  reached  out  one  of  its  venomous  arms  and 
picked  up  part  of  that  little  city  (Johnstown)  and 
hurled  it  against  the  bridge,  but  it  never  moved." 

Had  this  bridge  failed,  perhaps  the  lives  of  3,000 
human  beings  might  have  been  saved.  But  its  im- 
pregnable construction  caused  the  formation  of  a 
dam,  and  to  the  impounded  water  behind  can  be  at- 
'tributed  the  greater  part  of  the  frightful  loss  of  life. 
This  is  a  case  where  the  engineer  "builded  better 
than  he  knew."  Emile  Low. 

Buffalo,  N.  Y. 
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Cold  Bituminous    Mixture  for 
Wood  Floor  Highway  Bridges 

By  B.  H.  PIEPMEIER 
Maintenance     Eneineer,    Illinois     State     Highway 
Department. 
The  Illinois  State  Highway  Department  for  the  past 
4  years  has  been  using  a  bituminous  mastic  for  cover- 
ing old  bridge  floors.     The  mastic  surface  has  been 
recommended  only  where  the  existing  structure  was 
too  good  to  destroy  and  where  it  would  not  carry  the 
additional  dead  weight  of  a  new  concrete  floor. 

The  first  mat  surfaces  used  were  placed  by  succes- 
sive application  of  a  hot  bituminous  material,  similar 


Emulsified    Asphaltic    Concrete    Wearing    Surface    Being    Applied 
11  J  In.  Thick  on  an  Ordinary  Plank-Floor  Bridge  Under  Traffic. 

to  that  ordinarily  used  for  bituminous  macadam  con- 
struction, and  torpedo  gravel  or  stone  chips. 

The  past  year  the  maintenance  department  devised 
the  scheme  of  utilizing  an  emulsified  asphalt  for  the 
bituminous  compound.  The  emulsified  asphalt  permits 
the  application  of  a  bituminous  mixture  on  various 
isolated  bridges  where  it  is  not  convenient  or  econom- 
ical to  secure  heating  apparatus.  The  emulsified  as- 
phalt and  aggregate  can  be  mixed  in  an  ordinary  con- 


Condition    of    Asphaltic    Concrete    Wearing    Surface    After   Traffic 

Has  Used   Bridge  for  10  Days.     The  iVIastic  Surface   Reduces 

Impact   and    Prevents   Wear   and    Decay   of   Plank. 

Crete  mixer,  thereby  getting  a  good  dense  bituminous 
concrete.  The  use  of  emulsified  asphalt  prevents  the 
use  of  a  surplus  of  material  that  may  cause  creeping, 
bleeding  or  leaking  of  the  binder  between  the  bridge 
plank  during  hot  weather. 

The  cold  bituminous  mixture  for  bridge  floors  was 
first  used  by  this  department  in  September,  1916.  The 
floor  covered  last  fall  was  the  ordinary  3-in.  oak  un-« 
creosoted.  The  wearing  surface  passed  through  the 
winter  in  first  class  condition  and  is  now  in  good 
shape.    Indications  are  that  such  surfaces  can  be  con- 


structed and  maintained  at  a  cost  very  much  less  than 
would  be  required  for  replanking  the  bridges  every 
few  years.  The  mastic  wearing  surface  adds  but  very 
little  dead  load  to  the  bridge  and  this  is  compensated 
for  by  the  reduction  in  impact. 

The  mastic  surfaces  can  be  maintained  by  an  occa- 
sional surface  application  of  bituminous  material  and 
gritts,  the  same  as  an  ordinary  bituminous  road  sur- 
face. If  maintenance  is  properly  attended  to,  it  is 
expected  that  ordinary  uncreosoted  oak  flooring  will 
last  at  least  10  years.  This  being  true  it  would  hardly 
seem  necessary  to  provide  creosoted  lumber  for  old 
bridge  floors.  In  case  such  a  floor  was  placed  on  a  new 
structure  it  would  seem  advisable  to  require  creosoted 
subplank.  There  is  considerable  advantage  in  the  use 
of  shiplap  bridge  plank  as  this  will  practically  elim- 
inate the  calking  required  between  ordinary  planking. 

The  following  cost  data  were  recently  obtained  in 
applying  a  surface  on  the  plank  floor  of  the  Shippings- 
port  bridge  near  LaSalle,  Illinois: 

ContlitiL'ii  of  Bridge. 

Total  length  of  bridge,  S13  ft. 

Width  of  roadway.   18  ft. 
Tralfic:      2.5    per  cent   steel   tires,    15   per   cent   motor   trucks,    60 
per  cent  auto  traflic.     (These  figures  are  approxnnate  only.) 

Total    traffic,    approximately  1,500   vehicles   daily. 

-Average  life  of  S-in,   oak  noorir-,g  on  bridge,   IS  months. 

Xet\-  3-in.   oak  floor  laid  in  fall  of  1916. 

Mastic   Wearing   Surface. 

Placed   June  11  to   16.      Bridge  was  not  closed  to  traffic. 

Aggregate  used:  Crushed  stone  chips,  %  in.  to  dust,  with 
the  dust  removed;  20  per  cent  concrete  sand  added. 

Amount  of  emulsified  asphalt  used  per  cubic  foot  of  material, 
1  gal. 

Asphalt  sand  and  stone  chipf:  mixed  in  an  ordinary  batch  mixer. 

Total  sfiuare  yards  of  surface  treated,   1,146. 

Average  thickness  of  mastic,  1%  in. 

All    cracks    calked    with    lath,    shingles    and   burlap. 

Labor,  40  ct.  per  hour:  teams.  SO  ct.  per  hour. 
Cost    per   Square   Yard   of  Cold   Bituminous   Mix   Applied   on   1,146 
Sq.    Yd.    1    In.    Thick. 

Per  sq.  yd. 

Superintendence    $0,085 

Calking    086 

Cleaning    OOS 

Stone  chips   093 

Sand    013 

Emilsified  asphalt.  15.6  ct.   per  gai.   delivered   at  bridge 197 

^Mixing  and  placing 116 

Total    cost,    excluding   contractor's    profit $0,004 


Gravel  Road  Maintenance  by  Scarifying, 
Shaping  and  Re-rolling 

McHenry  County,  Illinois,  unable  to  maintain  its 
gravel  roads  under  what  is  really  too  heavy  traffic,  by 
the  ordinary  methods,  has  adopted  a  new  scheme 
which,  so  far,  promises  good  success.  A  road  roller 
equipped  with  a  scarifying  blade,  is  run  over  the  road, 
tearing  the  surface  loose  to  about  4  in.  The  blade 
grader  then  shapes  the  loosened  material  and  the 
roller  completes  the  job.  The  result  is  about  the  same 
as  constructing  a  new  surface  for  the  road.  The  serv- 
ice Bulletin  of  the  Iowa  State  Highway  Commission 
states  that  the  same  method  of  using  the  scarifier  to 
tear  up  the  surface  is  used  in  Iowa  to  remove  the 
humps  and  wavy  effects  due  to  careless  gravel  road 
construction  which  prevails  in  so  many  sections  of  the 
state.  Eagle  Grove  road  builders  in  Wright  County, 
Iowa,  have  torn  up  the  surface  of  a  good  many  miles 
of  humpy  gravel  road,  smoothed  up  the  loosened  mate- 
rial, and  given  it  another  chance  to  pack  more  evenly 
under  traflic. 


In  1916  there  was  expended  for  roads  and  streets 
in  California  a  total  of  $33,545,000,  according  to  the 
state  controller's  annual  report.  About  28,5  per  cent 
of  this  was  for  city  streets,  23.5  per  cent  for  state 
roads  and  48  per  cent  for  county  roads.  County  road 
work  in  California  has  become  increasingly  impor- 
tant, in  spite  of — and  perhaps  because  of — the  in- 
creasing sums  spent  by  the  state  itself.    • 
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Causes  of  Spring  Breakups  of  New 
York  State  Highways 

Unusual  conditions  in  the  maintenance  of  improved 
highways  in  New  York  State  developed  last  year.  Dur- 
ing the  spring  months  improved  surfaces  broke 
through  under  traffic  to  an  extent  never  before  ex- 
perienced in  the  history  of  the  State  Highway.  Over 
758,000  sq.  yd.  of  pavement  were  thus  broken  up.  This 
yardage  is  equivalent  to  82  miles  of  16  ft.  paved  sur- 
face. Interesting  conclusions  as  to  the  cause  of  these 
breakups  are  given  by  Mr.  Fred  W.  Sarr,  Second 
Deputy  State  Highway  Commissioner,  in  charge  of  the 
Bureau  of  Maintenance,  Repair  and  Reconstruction,  in 
his  annual  report,  an  advance  copy  of  which  was 
given  out  recently. 

The  general  method  used  in  repairing  these  broken 
pavements  is  to  excavate  the  area  involved  about  12 
to  15  in.  in  depth,  and  lay  a  foundation  of  rough  stone 
or  coarse  gravel  9  to  12  in.  in  depth  and  restore  the 
pavement  on  the  new  foundation,  also  providing  sub- 
drainage  for  the  affected  area. 

The  cost  of  such  permanent  repairs  will  average 
about  $1.30  per  square  yard.  It  is,  therefore,  evident 
that  the  cost  of  permanently  repairing  the  pavements 
that  were  broken  up  last  spring  in  the  manner  de- 
scribed, including  new  foundation,  would  have  been 
approximately  $1,000,000. 

In  many  counties  the  limited  funds  available  would 
not  permit  of  the  permanent  repairs  described,  and 
the  broken  pavements  were  simply  leveled  down  and 
veneered  over  with  a  thin  crust  of  macadam.  The 
field  engineers  who  made  the  surveys  of  the  broken 
pavements  were  requested  to  designate  a  reason  or 
cause  for  the  breakup,  and  of  the  reasons  assigned  50 
per  cent  were  accredited  to  poor  drainage.  This  an- 
swer is  one  that  is  most  easily  assigned  and  readily 
accepted  as  the  cause  of  broken  pavements  which 
develop  during  the  spring  months. 

This  reason,  however,  states  Mr.  Sarr,  will  not  ex- 
plain why  the  roads  break  up  in  the  spring  and  not 
during  a  protracted  rainy  period  in  the  fall,  or  why 
they  break  up  some  seasons  and  not  in  others. 

The  conclusions  of  Mr.  Sarr  are  that  the  conditions 
favorable  to  broken  pavements  in  the  spring  are  a 
wet  season  the  previous  year  followed  by  an  open 
winter  or  one  with  repeated  freezing  and  thawing; 
the  effect  of  these  conditions  on  a  silt  sand  or  soft 
clay  produce  an  unstable  condition  when  the  frost 
finally  leaves  the  ground,  sfnd  if  the  pavement  crust 
has  not  sufficient  strength  in  itself  to  bridge  over 
the  unstable  section  and  carry  the  traffic  loads,  there 
is  but  one  answer — a  broken  pavement. 

The  act  of  freezing  of  the  material  forming  the 
foundation  of  a  pavement  draws  moisture  from  below. 
This  is  demonstrated  by  freezing  of  a  reasonably  dry 
earth  surface  which,  after  thawing,  leaves  a  wet 
muddy  surface. 

Following  a  wet  season  the  level  of  the  ground 
water  is  high,  perhaps  at  the  elevation  of  the  bot- 
tom of  the  open  ditches.  The  act  of  freezing  draws 
this  water  up  to  the  under  side  of  the  pavement 
which,  if  impervious,  is  heaved  or  raised  by  the  ex- 
pansion of  the  moisture  by  freezing.  The  frost  goes 
out,  but  before  the  moisture  can  leach  away,  another 
freeze  occurs,  more  moisture  is  drawn  up,  more  heav- 
ing occurs.  It  is  not  uncommon  to  find  pavements 
heaved  4  to  6  in.  with  not  over  18  in.  of  frost. 

The  expansion  of  water  by  freezing  is  about  one- 
eleventh.     It  is,  therefore,  evident  that  the  extreme 


heaving  is  due  to  something  other  than  the  expansion 
of  the  moisture  which  was  naturally  in  the  crust 
actually  frozen. 

It  is,  therefore,  concluded  that  the  act  of  freezing 
and  thawing  draws  up,  from  the  ground  water  level, 
moisture  which  accumulates  under  the  impervious 
pavement  in  frost  or  ice,  thereby  lifting  or  heaving 
the  pavement. 

This  action  may  be  observed  with  many  classes  of 
soils,  but  only  in  certain  cases  will  the  pavement 
break  through. 

When  the  frost  finally  leaves  the  ground  in  the 
spring  there  is  an  accumulation  of  water  in  the  frost 
affected  area,  and  with  soils  that  of  their  nature  by 
capillary  attraction  hold  the  moisture  in  suspension, 
they  become  semi-plastic  and  unstable.  Soils  that 
are  not  suited  to  the  capillary  action  permit  the 
moisture  to  leach  away  and  settle  down  much  quicker 
and  then  have  stability  to  sustain  the  pavement  under 
moderate  traffic. 

The  soil  most  productive  of  broken  pavements  is  a 
silt  sand  found  in  the  valleys.  This  material  when 
examined  with  a  microscope  is  found  to  be  made  up 
of  round  fragments  of  rock  mixed  with  a  varying 
quantity  of  silt  or  when  dry  an  impalpable  powder. 
This  mi.xture  of  rounded  sand  grains  mixed  with  the 
very  fine  powdered  silt  forms  an  ideal  condition  for 
the  retention  of  moisture  by  capillary  action,  and 
when  in  a  saturated  condition  is  very  unstable,  and 
in  extreme  conditions  is  styled  quicksand. 

Traffic  over  the  pavement  crust  where  these  condi- 
tions prevail  causes  the  pavement  to  weave,  depres- 
sing under  the  load  and  rising  both  front  and  rear; 
with  moderate  traffic  the  thin  pavement  crust- may 
withstand  the  weaving  without  breaking  through,  the 
only  result  being  a  wavy  surface  after  the  moisture 
has  finally  leached  away. 

But  with  heavy  loads  traversing  the  highway  dur- 
ing this  unstable  period  the  pavement  first  appears 
to  buckle  or  bulge  at  frequent  points,  after  which 
the  destruction  is  fast;  the  pumping  action  of  the 
passing  load  tends  to  force  the  plastic  subsoil  to- 
ward the  vent  at  the  bulge,  where  the  pavement  event- 
ually breaks  in  what  is  termed  a  frost  boil.  This 
break  is  then  extended  at  each  end  by  traffic,  until 
the  small  frost  boil  may  extend  50,  100  or  more  feet 
in  extent. 

The  most  effective  construction  where  these 
troubles  are  anticipated  is  an  open  porous  foundation 
course  of  rough  field  or  quarry  stone  or  coarse  gravel. 
Mr.  Sarr  prefers  the  open  course  to  the  filled  course. 
The  open  course  permits  the  accumulation  of  the 
frost  in  the  voids  without  heaving  of  the  pavement, 
also  where  the  moisture  is  allowed  to  accumulate  in 
the  voids  of  the  open  foundation  course,  it  is  not  held 
in  suspension  by  the  subsoil,  and  if  the  open  founda- 
tion is  provided  with  suitable  outlets,  the  moisture 
accumulated  under  the  top  crust  will  drain  off 
quicker,  and  the  underlying  subsoil  become  stable 
sooner  than  with  the  close  filled  impervious  founda- 
tion course  where  the  moisture  is  frozen  into  the 
subsoil. 

One  of  the  principal  reasons  for  the  large  amount 
of  broken  pavements,  developing  the  past  season,  is 
that  the  pavements  were  not  constructed  sufficiently 
strong  to  carry  during  the  trying  periods  the  heavy 
loads  to  which  the  highways  are  now  subjected,  by 
reason  of  the  rapid  increase  in  number  and  weight 
of  commercial  trucks  and  busses,  especially  where 
they  are  operating  on  regular  daily  schedules. 
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A  large  percentage  of  the  mileage  of  improved 
highways  in  New  York  State  were  designed  and  only 
intended  to  carry  a  gross  load  of  about  three  tons  mov- 
ing at  a  speed  of  4  miles  per  hour,  and  many  of  these 
roads  are  now  subjected  to  gross  loads  of  7  to  10  tons 
moving  at  a  speed  of  12  to  15  miles  per  hour. 

The  division  engineers  were  requested  during  the 
past  summer  to  report  the  improved  highways  which, 
in  their  opinion,  were  not  structurally  strong  enough 
to  withstand,  during  the  spring  months,  the  traffic 
to  which  they  are  now  being  subjected,  and  the  total 
length  of  improved  highways  so  reported  was  1,939 
miles,  which  were  improved  at  a  probable  cost  of  $20,- 
000,000  and  are  now  considered  not  sufficiently  strong 
to  withstand  the  traffic  to  which  they  are  now  sub- 
jected, and  this  traffic,  that  of  the  motor  truck  and 
bus,  is  increasing  by  leaps  and  bounds,  not  only  the 
number  of  such  vehicles,  but  the  gross  weight  of  the 
vehicle. 


The  5th  Avenue,  New  York  City 

Pavement  and  the  Traffic 

Carried 

A  traffic  census  completed  recently  by  the  5th  Ave. 
Association,  New  York  City,  shows  that  the  total  traffic 
on  5th  Ave.,  at  42d  St.,  New  York  City,  averages  28 
vehicles  per  minute.  According  to  the  Association 
figures,  which  represent  vehicles  of  all  kinds  passing 
the  Public  Library,  between  41st  and  42d  St.,  the 
volume  of  traffic  totals  in  10  hours  (from  8  a.  m.  to 
6  p.  m.)  16,960  vehicles.  Northbound  and  south- 
bound traffic  is  about  the  same — 8,513  northbound 
and  8,447  southbound.  Included  in  the  total  of  16,960 
are  1,296  motor  busses — 130  per  hour  in  both  direc- 
tions. At  the  point  where  this  census  was  taken  5th 
Ave.  is  55  ft.  wide,  which,  theoretically  at  least,  per- 
mits the  movement  of  six  lines  of  vehicles.  The  count 
showed  that  passenger  motor  vehicles  composed  about 
two-thirds  of  the  traffic,  but  these  included  the  motor 
busses,  which  are  heavier  than  most  commercial  motor 
cars. 

The  pavement  carrying  this  traffic  is  sheet  as- 
phalt, composed  of  a  1^2-in.  close  binder  and  li/4-in. 
top,  on  a  6-in.  concrete  base.  It  was  laid  in  1913,  re- 
placing a  similar  pavement  which  had  been  down  17 
years.  The  analysis  of  the  top  mixture  used  in  this 
pavement  shows  a  high  percentage  of  bitumen  and  a 
correspondingly  high  production  of  fine  material.  An 
average  of  11.7  per  cent  of  Trinidad  asphalt  was 
maintained  throughout  the  laying  of  the  pavement, 
although  10.5  per  cent  was  all  that  was  required.  The 
complete  analysis  of  the  surface  mixture  is  as  fol- 
lows, the  standard  being  given  for  comparison  with 
the  actual  composition  of  the  5th  Ave.  pavement: 

standard.  5th  Ave. 

Per  cent.  Per  cent. 

Asphalt  10.5  11.7 

200  mesh  13  17.3 

lUU   mesh    13  10 

80  mesh   ' 13  22 

50  mesh    24  23 

40  mesh   11  5 

30   mesh 8  8 

20  mesh    5  2 

10  roesh    3  1 

The  box  measurements  for  the  top  mixture  were 
720  lb.  of  sand,  105  lb.  of  dust,  and  175  lb.  of  asphalt 
cement.  For  the  binder  course  the  measurements 
were  600  lb.  of  stone,  310  lb.  of  sand,  and  90  lb.  of 
asphalt  cement. 


County    Plant     Produces    Gravel 
at  Cost  of  17.4  Cents  Per  Yard 

After  four  months  of  operating  their  own  plant  to 
furnish  gravel  for  building  and  repairing  their  county 
roads,  the  commissioners  of  Logan  County,  Illinois, 
have  found  the  plan  so  satisfactory  that  machinery 
for  a  second  plant  has  recently  been  installed.  Their 
experience  should  be  of  interest  to  other  county  en- 
gineers and  highway  commissioners. 

The  first  plant  is  located  about  three  miles  west  of 
Lincoln,  111.  The  gravel  deposit  is  on  farm  property 
and  the  county  has  to  pay  the  owner  on  an  acreage 
valuation  for  the  land  destroyed  by  the  gravel  opera- 
tions. It  was  originally  planned  to  excavate  with 
steam  shovel,  but  preliminary  tests  showed  that  water 
was  within  a  few  feet  of  the  surface,  and  the  slack- 
line  cableway  method  of  excavating  was  decided  upon. 
The  pit  is  now  30  ft.  under  water  and  about  20,000  yd. 
of  pit  run  gravel  has  been  produced  in  100  working 
days  this  season.     About  15,000  more  yards  will  be 


Pit,   Stcck    Pile   and   Excavator   at   Gravel   Plant   of   Logan   County, 
Illinois. 

taken  from  this  pit  and  then  the  plant  will  be  moved 
to  another  location. 

The  plant  consists  of  a  Sauerman  dragline  cable- 
way  with  Sauerman  excavator  bucket  of  1  cu.  yd.  ca- 
pacity, operated  by  a  9x10  Thomas  steam  hoist 
equipped  with  band  frictions.  Power  for  the  hoist  is 
furnished  by  a  35-hp.  vertical  boiler.  The  cost  of 
the  plant  was  $5,500. 

The  following  table,  based  on  figures  obtained  from 
Mr.  J.  C.  Wigginton,  superintendent  of  the  Logan 
County  pits,  shows  the  cost  of  excavating  35,000  yd. 
with  this  plant,  based  on  the  reasonable  expectation 
of  completing  the  present  operations  in  175  days: 


Per 
cu.  yd. 
$0,012 
.OIC 
.010 
.030 
.002 
.030 
.021 


Erecting  and   dismantling    plant $    425 

Depreciation,  at  10  per  cent 550 

interest  on  investment,  at  6  per  cent 330 

Piepairs   1.050 

Oil   and  grease 90 

Coal  (1  hi.   tons  daily  at  $4) 1.050 

Superintendent's  salary  (half  time,  at  11.500  year)  750 

Three  laborers'  wages  ($a.50  per  day  for  three)....  I,i562 

Insurance    100 

Incidentals    100 

$6,107         $0,174 

This  gives  a  cost  of  17.4  ct.  per  yard,  which  is  very 
low.  However,  Mr.  Wigginton  seems  to  have  taken 
into  consideration  every  expense.  His  salary  is  $1,500  a 
year  and  as  he  divides  his  time  between  the  two  county 
pits  each  plant  carries  half  of  this  expense.  The 
item  of  his  salary  in  the  above  table  of  cost  and  the 
items  of  depreciation  and  interest  are  based  on  a 
year's  operation  of  the  plant,  although  the  35,000  yd. 
will  not  represent  an  entire  season's  run.  Repairs, 
chiefly  replacing  worn  track  cables  and  sheaves,  are 
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estimated  in  the  above  table  as  averaging  3  ct.  per 
yard  of  material  excavated,  which  is  higher  than  the 
per  yard  repair  costs  generally  accepted  for  this  class 
of  operations  in  1914,  before  the  great  advances  in 
the  cost  of  wire  rope  and  cableway  fittings.  No  pre- 
liminary stripping  was  necessary  in  developing  this 
pit.  If  there  had  been  4  or  5  ft.  of  top  soil  to  remove, 
as  is  the  case  in  the  other  county  pit,  it  would  have 
added  about  $1,000  to  the  total  cost  and  increased  the 
cost  per  yard  to  20  ct. 

The  entire  output  of  the  county  plants  will  be  used 
for  county  road  work  and  most  of  it  will  be  loaded 
and  hauled  by  the  farmers  themselves. 

The  second  Logan  County  plant,  located  at  Deer 
Creek,  3  miles  south  of  Lincoln,  consists  of  a  1-yd. 
Sauerman  dragline  cableway  excavator,  operated  by 
a  9x10  35-hp.  American  steam  hoist.  The  Deer  Creek 
gravel  pit  will  keep  this  plant  operating  a  number 
of  years,  and  it  is  the  intention  to  eventually  install 
screens  and  bins  and  produce  washed  material  for 
the  county's  concrete  work.  A  railroad  siding  per- 
mits of  loading  and  transporting  the  gravel  in  car- 
loads to  the  principal  points  in  the  county.  This 
plant  is  just  starting  operations. 


Bonus  for  Motor  Truck  Drivers 

The  desirability  of  paying  a  bonus  to  motor  truck 
drivers  for  minimizing  waste  time  and  saving  on 
repair  expenses  was  pointed  out  in  our  July  4  issue. 
The  experience  of  one  of  the  largest  manufacturers  of 
automobile  parts  in  the  country  with  this  bonus  plan 
is  described  in  a  recent  issue  of  the  Federal  Traffic 
News,  a  publication  of  the  Federal  Motor  Truck  Co. 

The  manner  in  which  the  bonus  was  awarded  is 
quite  simple.  After  cost  records  had  been  kept  for 
some  time  a  standard  cost  per  ton  mile  was  determined 
from  the  averages  thus  obtained. 

Also  a  maximum  cost  was  determined  from  the  same 
figures  and  the  driver  was  offered  50  per  cent  of  the 
saving  between  the  maximum  and  the  standard. 

Example: 

I  a)     Standard  cost  per  ton  mile  =  $0.05. 
(bi     Maximum  cost  per  ton  mUe  =  $0,075. 
(c)     Operator's  actual  cost  per  ton  mile  =  JO.OC. 
Cd)     Total  ton  miles  accomplished  =  1  8j0. 
The  driver's  bonus   is  determined  by  the   formula: 
b-c 

Xd  =  bonus, 

2 
•which  in  this  case  would  be: 
.075— .06 

X  1,800  =  $13.50 

2 

In  other  words — by  careful  driving  after  under- 
standing where  and  how  he  can  reduce  expense  and 
increase  efficiency  the  driver  would  earn  $13.50  per 
month  in  addition  to  his  wages.  This  company  has 
found  that  high  reward  will  bring  high  accomplish- 
ment. The  driver  has  found  that  it  pays  him  to  serve 
well. 

Eight  months  of  this  method  in  the  business  of 
delivering  automobile  parts  using  four  different  makes 
of  trucks  has  resulted  in  increased  loads  (without 
overloading),  high  percentage  of  operating  time  and 
decreased  cost. 

The  eight  months'  results  were  as  follows: 

Ton  miles  per       Cost  per  ton 


.   Per  ce 

nt. 

mile  per  ce 

Gain. 

Decrease 

45.4 

37.7 

5.5 

13. S 

3..S 

29.8 

1.5 

11.5 

Effect  of  Controllable  Variables  on 
Toughness  Test  for  Rock 

A  study  of  the  standard  toughness  test  for  rock  has 
been  made  recently  in  the  laboratory  of  the  U.  S.  Office 
of  Public  Roads  and  Rural  Engineering.  This  test  was 
introduced  in  the  United  States  about  15  years  ago  by 
Mr.  L.  W.  Page,  and  in  general  has  been  considered 
very  satisfactory.  Certain  discrepancies  have  been 
noted  recently,  however,  between  tests  made  in  the 
same  laboratory  on  samples  from  different  portions  of 
a  rock  quarry,  as  well  as  between  tests  made  by  dif- 
ferent laboratories  on  apparently  identical  material. 
These  discrepancies  would  seem  to  indicate  that  the 
variations  in  the  physical  properties  of  rock  from  the 
same  quarry  may  be  much  greater  than  has  been  here- 
tofore considered  probable,  and  also  that  the  method 
of  conducting  the  test  is  perhaps  not  sufficiently  con- 
trolled under  the  present  standard  to  insure  check 
results  in  all  cases.  The  investigation  was  undertaken 
with  a  view  to  determining  the  causes  of  these  dis- 
crepancies. The  results  of  the  study  are  given  in  a 
paper  by  Mr.  F.  H.  Jackson,  Jr.,  presented  at  the  last 
annual  meeting  of  the  American  Society  for  Testing 
Materials,  from  which  thatter  following  is  taken: 

An  analysis  of  the  methods  now  used  in  making  the 
toughness  test  shows  that  discrepancies  in  results 
may  in  general  be  traced  to  either  (1)  the  fact  that 
the  range  in  physical  properties  of  the  quarry  product 
is  so  great  that  it  is  impossible  to  obtain  an  average 
value  for  the  toughness  of  the  material,  with  the  small 
size  and  number  of  test  specimens  used  in  a  given 
determination,  or  (2)  to  the  fact  that  certain  variables 
may  be  introduced  during  the  preparation  or  testing 
of  the  specimen  which  might  affect  the  result  and 
which  are  not  controlled  by  the  present  standard. 
These  considerations  are  of  course  entirely  distinct 
from  any  question  of  the  value  of  a  test  for  impact,  as 
an  indication  of  the  suitability  of  rock  for  road-build- 
ing purposes. 

Variations  in  Toughness  of  Rock  from  Same  Quarry. 
— A  determination  of  the  probable  extent  of  this 
variation  is  very  important  for  obvious  reasons.  For 
instance,  there  is  a  general  impression  current  among 
those  interested  commercially  in  the  production  of 
stone  for  road  work,  that  the  results  of  a  single  test, 
made  perhaps  several  years  before,  is  sufficient  from 
which  to  judge  the  quality  of  a  rock  quarry.  Like- 
wise, in  sampling  rock  for  test,  it  is  usually  thought 
sufficient  to  take  a  single  sample  without  any  par- 
ticular care  being  exercised  to  insure  having  it  repre- 
sent the  only  kind  of  material  which  it  is  proposed 
to  use.  The  results  of  a  few  tests  of  samples  from  a 
number  of  well-known  quarries,  which  have  been  in 
operaton  for  some  years,  are  given  in  Table  I,  and 
show  the  wide  range  in  toughness  which  it  is  possible 
to  obtain  on  material  from  the  same  quarry.  Although 
all  of  these  tests  were  made  in  a  single  laboratory, 
using  the  same  testing  machine  and  tested  in  most 
cases  by  the  same  operators,  and  were  therefore  pre- 

TABLE     I.— VARIATION*     IX     TOUGHXE.SS     OF     nOCK     FROM 

SAME  QUARRY. 

Samples  Taken  at  Different  Times. 

Toughness:  height  of  fall  caus- 
Location  of  _      .  T  ing  ^ilure. 


No  explanation  is  given  by  the  concern  as  to  the 
great  variation  in  percentage  of  gain  in  efficiency  of 
the  different  trucks. 


quarry. 


Kind  of  rock. 


-Test  No.- 


(29) 


Xew  Tork Trap    27 

Xew   Jersey Trap  27 

Pennsylvania Trap  12 

Ohio    Limestone    18 

Ohio    Limestone   16 

New  Tcrk Limestone    9 

ATarvland    ''chist   20 

Xorth    Carolina.  ..^ranite    13 

'ew  Hampshire.. Granite   7 


17 


33 


21 
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sumably  made  under  fairly  uniform  conditions,  it  is 
quite  possible  that  some  of  the  variations  indicated 
are  due  to  a  failure  to  appreciate,  and  therefore  con- 
trol, variables  introduced  during  either  the  prepara- 
tion or  testing  of  the  specimens.  In  order  to  throw 
some  light  on  this  point,  the  actual  variations  in  the 
quality  of  the  product  of  several  quarries  were  studied 
under  as  nearly  as  possible  identical  conditions. 

Table  II  gives  results  showing  the  possible  varia- 
tion in  toughness  of  several  typical  rock  quarries 
when  the  samples  are  taken  at  the  same  time  from 
different  portions  of  the  deposit.  These  results  are  of 
principal  interest  in  showing  the  wide  range  in  tough- 
ness possible  to  obtain  on  samples  taken  from  differ- 
ent portions  of  the  same  quarry,  even  when  the  ma- 
terial quarried  is  considered  to  be  very  uniform  in 
quality,  which  is  the  case  in  both  the  trap-rock  and 
granite  quarries  examined.  In  the  case  of  two  of  the 
trap-rock  quarries,  there  was  also  noted  a  considerable 
variation  in  the  toughness  of  the  individual  specimens 
composing  a  sample.  The  individual  breaks  are  given 
in  Table  III  in  connection  with  the  study  of  the  effect 
of  direction  of  drilling  on  toughness. 

It  was  noted  at  the  time  the  trap-rock  specimens 
were  broken,  that  the  ones  showing  the  most  irregular 
fracture  at  failure  were  in  general  the  ones  showing 
the  lowest  results,  even  when  there  was  absolutely  no 
visible  line  of  weakness  before  failure.  The  appear- 
ance of  these  peculiar  fractures  would  seem  to  indicate 
that  there  may  be  present  in  some  rocks,  a  great 
number  of  minute  planes  of  weakness,  running  in  all 
directions  and  formed  possibly  at  the  same  time  and 
in  much  the  same  way  as  the  large  joint  planes  with 
which  the  quarryman  is  familiar.  The  variable  tough- 
ness shown  by  different  specimens  cut  from  the  same 
piece  might  also  be  caused  by  the  formation  of  in- 
cipient fractures  in  the  mass  due  to  blasting.  Condi- 
tions such  as  these  are  emphasized  by  the  compara- 
tively small-size  test  specimens  and  might  form  an 
argument  for  the  adoption  of  a  larger  size.  When  we 
consider,  however,  the  increased  cost  of  and  the  time 
necessary  to  prepare  larger  specimens,  it  would  ap- 
pear advisable  to  use  the  present  size,  and  to  obtain 
an  average  value  for  the  toughness  by  making  a  larger 
number  of  tests  than  is  at  present  customary. 

In  the  case  of  the  granites  examined,  much  greater 
uniformity  was  observed,  not  only  between  different 
samples  from  the  same  quarry,  but  also  between  in- 
dividual specimens  taken  from  the  same  sample.  The 
limestones  tested  represent  probably  the  extreme  of 
non-homogeneity  apt  to  be  found  in  ordinary  road- 
building  rock  and  are  given  for  this  reason.  Each  of 
these  materials  was  extremely  non-homogeneous  in 
appearance,  individual  pieces  running  from  fairly 
tough,  fine  grained  rock  to  portions  showing  a  high 
percentage  of  argillaceous  material,  which  runs  of 
course  much  lower  in  toughness.  It  is  obvious  that 
the  only  way  to  obtain  average  values  for  the  tough- 
ness of  material  from  deposits  such  as  these,  is  to 
exercise  extreme  care  in  selecting  samples  to  insure 


that  all  variations  in  quality  are  represented.  This 
would,  of  course,  entail  more  work  than  the  mere 
picking  of  a  single  sample,  which  is  common  practice. 

An  interesting  feature  in  connection  with  the  lime- 
stone tests  is  the  fact  that  considerable  variation  was 
also  noted  in  even  the  standard  abrasion  test,  which 
utilizes  a  very  much  larger  sample.  In  the  first  case 
two  abrasion  tests  gave  French  coefficients  of  wear 
of  13.3  and  10.5;  in  the  second  case,  12.1  and  10.3;  and 
in  the  third  case,  18.2  and  10.5. 

The  results  given  in  Table  II  are  presented  for  the 
purpose  of  showing  quantitatively  the  possible  bear- 
ing on  the  test  result  of  lack  of  care  in  sampling. 
Unless  there  is  reasonable  assurance  that  the  material 
tested  is  representative,  no  amount  of  care  in  the 
preparation  and  testing  of  the  individual  samples  can 
be  expected  to  secure  reliable  results. 

Variables  Introduced  During  the  Preparation  of  the 
Test  Specimen. — Variables  occurring  during  prepara- 
tion of  the  test  specimen  may  include  (1)  effect  of 
direction  of  drilling  specimens  with  reference  to  any 
possible  plane  of  structural  weakness,  such  as  rift, 
bedding  plane,  or  plane  of  foliation;  (2)  effect  of  size 
of  test  specimen,  either  in  diameter  or  height;  (3) 
effect  of  moisture  content;  and  (4)  effect  of  lack  of 
care  in  preparation  of  specimen,   such  as  failure  to 

T.SBLE    m— rcFFECT    OF   P' RKCTIOX  OF  DRILLING    SPECI- 
MEN   ON    TOUGHNESS. 

Toughness;  height  of  fall  caus- 
ing failure,   cm. 
Location  of               K'nd    of         Sam- 
quarry,                      rock.              pie 
set. 

Pennsylvania    Granite    A 

Pennsylvania    Granite    .     B 

Pennsvlvania    Granite    A       S  6  6  7       7       6  7 

Pennsvli-ania    Granite    B       7  5  6  7       6       S  7 

Maine    Granite    A       7  9  S  8       S       S  S 

Maine    Granite    BIO  9  S  9       7..  9 

Virginia    Granite    A       S  7  5  4       C       6  6 

Virginia    Granite    B       6  6  7  6       6       6  6 

Massachusetts  ..  .Granite    A     10  7  9  S     10       8  9 

Massachusetts  ...Granite    B       8  S  in  9     11     11  10 

^raine    Granite    A     10  11  10  12     11     12  11 

Maine    Granite   B    10  10  12  10     10     11  11 

North  Carolina..   Granite    A       8  9  7  6       6       7  7 

North  Carolina...  Granite    B55766S6 

Maine    Granite    A       7  7  7  fi       6.^  7 

Maine    Granite    B       9  S  9  .       6       i  S 

Nev.   Tcrk Gneiss    A     13  12  12  12     16     11  13 

New  York Gneiss    B       6  7  C  (!       i;       i  S 

Maryland   Schist   A     32  30  30 30 

Maryland   Schist   B     16  12  9 12 

New  York Limestone    A     13  14  13 13 

New  York Limestone    B     12  10  12     12 

Indiana   Limestone    A     11  12  10  10     ..      ..  11 

Indiana   Limestone    B       9  10  12  10     ..      ..  10 

West  Virginia Sandstone    A    11  13  10  13       9     13  12 

West  V-rginia Sandstone    B       9  8  S  9       .       6  8 

Sandstone    A     11  12  11  9     11     11  11 

Sandstone    B     11  10  11  11     10     10  11 

Virginia    Sandstone    A     10  10  10  9     10     . .  10 

Virginia    Sandstone    B       7  r  7  7     ..      ..  7 

New  York Trap    A     21  17  21  17     19     19  19 

New  York! ::.::.. Trap    B     21  19  25  23     19     20  21 

New  York Trap    A     22  19  20  20     22     ..  21 

nIw  York.  :.::::.  Trap      B     19  19  26  16     20     ..  20 

New    Jersey Trap    -V     27  27  28  30     38     ..  30 

New   Jersey Trap    B     24  29  25  30     27     ..  27 

New   Jersey Trap      A     32  33  32  39     33     35  34 

New    Jersey Trap    B     34  33  36  38     ..      . .  ,  6i) 

\  Specimerr  drilled  perpendicular  to  the  direction  of  laying 
in  the  street.  B,  Specimen  drilled  in  the  direction  of  laymg  m 
the   street. 


-Specimen  No. > 

2       3       4       5       G 

Av 

8       9     11       9       8 

9 

11     10     10     11     10 

10 

Location  of  quarry. 


—VARIATION    IN   TOUGHNESS    OF  ROCK    FROM    S.A.ME  QUARRY. 
Samples  Taken   at   Same   Time. 

Average  toughness;   height   of  fall 
Kind  of  rock.  , Specimen  No. : 


New  York Trap 

New    Jersey 


Maryland    ." Trap 


20' 

Trap    29= 


Maine 


Massachusetts    '5'^^"'!^ 


Granite    l?" 


10' 


20= 
33« 


10« 
108 


15^ 
352 


10' 


22= 


14 


S'^"" :;:::::;::::Lim^stone  :...: 12 

o ;:::;:::::::: umestone -,5        «        «        ?       n 

[o  Limestone    12  S  6  9  11 

^Average  of  12  specimens.     ^Average  of  10  specimens.     'Average    of  11   specimens.     'Average  of  8   specimens, 
ns.     ^Average  of  2  specimens.     'Average  of  3  specimens.    *Aver->ee  Oi  4  specimens. 

(3D) 


failure,    cm. 
Gen.   Max.  va- 
av'ge.    riation. 


^.Average  of  5  sped" 


August  1,  19i; 
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have  perfectly  plane  bearing  surfaces,  or  ends  abso- 
lutely perpendicular  to  the  axis  of  the  cylinder. 

With  reference  to  the  first  point  it  has  been  the 
custom  in  most  laboratories  to  drill  specimens  from  a 
rock  sample  at  random,  except  in  cases  where  well- 
developed,  visible  planes  of  foliation  appear,  in  which 
case  specimens  are  usually  taken  perpendicular  to  the 
foliation.  The  question  has  been  recently  raised,  how- 
ever, whether  other  materials  might  not  possibly  have 
planes  of  weakness,  which  would  cause  specimens 
drilled  in  one  direction  to  fail  sooner  than  those 
drilled  in  the  other  direction.  Thus,  granites  drilled 
-along  the  rift,  and  sedimentary  rocks,  such  as  lime- 
stone and  sandstone  drilled  along  the  bedding  plane, 
might  show  lower  toughness  values  than  when  drilled 
in  other  directions.  The  results  of  the  study  along 
this  line  are  given  in  Table  III. 

The  eight  granites  examined  represented  material 
from  some  of  the  best  known  granite  quarries  in  the 
United  States.  In  each  case,  results  recorded  under 
sample  set  A  were  obtained  on  material  drilled  per- 
pendicular to  set  B.  The  samples  were  full-size  paving 
blocks,  and  the  individual  specimens  were  drilled 
along  the  two  short  dimensions;  sample  set  B  being 
drilled  in  the  direction  of  laying  in  the  street.  It  is 
seen  at  once  that  there  is  very  little  difference  in  the 
average  toughness  of  sets  A  and  B.  In  fact  the  dif- 
ference is  so  slight  as  to  be  practically  negligible. 

When  we  come  to  the  foliated  types,  however,  as 
represented  by  the  gneisses  and  .schists,  we  find  as 
would  be  expected,  a  large  difference  in  toughness, 
the  specimens  drilled  perpendicular  to  the  foliations 
being  in  one  case  twice,  and  in  the  other  case  almost 
three  times  as  tough  as  those  drilled  parallel  to  them. 

In  regard  to  the  sedimentary  rocks,  only  slight 
variations  are  noted,  with  two  exceptions,  namely,  the 
first  and  third  sandstones  tabulated.  Both  of  these 
materials  showed  thin,  well-developed  planes  of  bed- 
ding. In  the  case  of  the  other  sandstone,  as  well  as 
both  of  the  limestones,  the  stratification  was  not 
nearly  so  well  marked.  These  results  indicate  that  in 
certain  cases  at  least,  the  bedding  plane  of  sedi- 
mentary rocks  must  be  considered  in  preparing  speci- 
mens for  test.  In  the  case  of  both  the  sedimentary  and 
foliated  types,  the  specimens  of  set  A  were  drilled 
perpendicular,  and  the  specimens  of  set  B  parallel,  to 
the  plane  of  weakness. 

The  results  on  four  samples  of  trap  rock  are  also 
given,  and  indicate  very  little  difference  in  toughness 
due  to  the  direction  of  drilling.  The  two  sets  of  speci- 
mens in  these  cases  were  drilled  perpendicular  to  each 
other,  without  any  reference  to  the  natural  bed  of  the 
stone,  since  true  bedding,  so-called,  does  not  exist  in 
the  massive  trap-rock  formations.    The  individual  re- 


-EFFECT    OF    DIAMETER    OF    SPECIME.V    OX 
TOUGHNESS. 

Toushness;    height    cf    fall 
Kind   of  causing   failure,    cm. 

rock.  Diam..  , Specimen  No. , 

3       4       5       S    Av. 


Location   of 
quarry. 


Ohio  Li 

Ohio  Li 

Ohio  Li 

Ohio  Li 


mestone    18.0 

mestone    23.5 

mestone    24.5 

mestone    25.0 

ndstone  18.5 

ndstone  23.0 

ndstone  24.0 


11  10  n  11  10  10  11 

13  13  11  11  12  13  12 

5  7  6  6  6  7  6 

11  10  10  11  10  10  10 

12  12  11  12  13  1&  13 
16  16  13  14  15  . .  15 


;and!5tone  25.0 

Maryland    "ranite    19.0 

Maryland    ' Iranite    24.0 

Maryland    'Iranite    25.0 

Maryland    Trap   19.0 

Maryland    Trap  23.0     19     19     19     20 

M.arvland    Trap  24.0     20     18     21     21 

Maryland    Trap  2:.0     23     22     22     22 

Marj-Iand    Trap     26.0     25     27     27     26 

'Granite    23.0       8       8       7       6 

Granite    24.0     10     10       fl       9 

Granite    25.0     11     11     11     10 


suits  of  breaks  given  in  Table  III  indicate  the  possible 
variations  in  toughness  of  different  specimens  taken 
from  the  same  piece,  and  tested  under  identical 
conditions. 

The  reason  for  the  large  number  of  tests  of  granite 
compared  to  the  other  types  is  because  of  the  possible 
desirability  of  using  this  test  in  connection  with  the 
use  of  granite  in  stone-block  construction.  As  may  be 
seen,  there  is  not  only  considerable  range  in  toughness 
of  the  different  granites  tested,  but  the  individual 
specimens  in  every  case  lie  very  close  to  the  average, 
which  indicates  that  it  should  not  be  a  difficult  matter 
to  obtain  check  results. 

Variation  in  both  the  diameter  and  height  of  a  test 
specimen  should  at  first  sight  be  easily  controlled 
during  its  preparation.  Experience  has  shown,  how- 
ever, that  it  is  practically  impossible  to  manufacture 
diamond  drills  which  will  drill  cores  of  constant  diam- 
eter, the  wearing  away  of  the  diamonds  resulting  in 
producing  cylinders  of  gradually  increasing  diameter. 
This  condition  naturally  results  in  tests  being  made 
on  specimens  covering  a  considerable  range  in  diam- 
eter with  consequent  possible  variation  in  result.  In 
Table  IV  are  given  the  results  of  a  study  of  the  effect 
of  this  variable,  made  with  the  view  of  determining 
how  great  a  permissible  variation  in  diameter  should 
be  allowed. 

Five  materials  showing  different  degrees  of  tough- 
ness were  examined  and  in  all  cases  but  one,  marked 
variations  were  observed.  For  instance,  in  the  case  of 
the  trap-rock  an  increase  of  3  mm.  in  diameter  re- 
sulted in  an  increase  in  toughness  of  36  per  cent.  In 
the  case  of  the  sandstone,  a  difference  of  2  mm.  in 
diameter  resulted  in  a  50  per  cent  increase  in  tough- 
ness. These  variations  would  go  far  towards  explain- 
ing the  discrepancies,  even  assuming  all  other  val- 
uables to  be  of  negligible  importance,  and  certainly 
shows  the  necessity  of  maintaining  the  diameter  of 
the  specimen  at  as  near  25  mm.  as  possible.  The  ex- 
perience of  the  author  covering  a  period  of  several 
years  in  the  government  laboratory  would  indicate 
that  a  permissible  variation  of  less  than  1  mm.  would 
not  be  practical  from  the  standpoint  of  drill  manu- 
facture. No  greater  latitude  should  be  allowed,  how- 
ever, under  any  circumstances. 

The  matter  of  height  of  specimen  is,  of  course,  not 
diflicult  to  control,  since  it  is  a  comparatively  simple 
matter  to  prepare  cylinders  almost  e.xactly  25  mm. 
long.  A  few  comparative  tests  were  made,  however, 
which  indicated  that  a  range  of  as  much  as  1  mm. 
might  be  allowed  without  affecting  the  result. 
Conclusions. 

The  following  points  in  connection  with  the  work 
described  may  be  noted: 

1.  In  judging  the  quality  of  a  rock  quarry  from 
the  results  of  a  single  test,  the  fact  that  large  varia- 
tions in  toughness  may  occur  from  time  to  time  should 
be  borne  in  mind,  and  an  effort  made  to  secure  a  test 
of  the  material  at  approximately  the  same  time  that 
the  material  is  to  be  used. 

2.  Great  care  should  always  be  exercised  in  select- 
ing samples  for  the  toughness  test,  because  the  prod- 
uct of  a  rock  quarry  of  even  apparently  uniform  qual- 
ity is  apt  to  vary,  throughout  different  portions  of  the 
face. 

3.  In  preparing  samples  for  the  toughness  test, 
the  following  points  should  be  kept  in  mind  and  the 
operator  governed  accordingly: 

(a)  In  every  case  where  planes  of  foliation  as  in 
all  gneisses  and  schists,  or  planes  of  bedding  as  in 
many    sandstones   and   some   limestones,   are   visible. 
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specimens  should  be  drilled  as  nearly  at  right  angles 
to  the  plane  of  weakness  as  possible.  Another  set  of 
specimens  should  also  be  prepared  from  samples 
drilled  parallel  to  the  plane  of  weakness; 

(b)  No  core  drill  should  be  used  which  drills 
specimens  with  a  greater  total  variation  than  1  mm.; 

(c)  Variations  in  the  height  of  specimens  may  be 
as  great  as  1  mm.  without  practically  affecting  the 
result; 

(d)  Variations  in  the  moisture  content  of  speci- 
mens apparently  do  not  practically  affect  the  result. 
For  the  sake  of  uniformity,  however,  all  specimens 
should  be  dried  in  an  oven  prior  to  testing;  and 

(e)  The  greatest  possible  care  should  be  exercised 
in  the  preparation  of  the  specimen,  so  as  to  insure 
perfect  bearing  surfaces  absolutely  perpendicular  to 
the  axis  of  the  cylinder. 

4.  Very  little  injury  is  done  to  a  specimen  during 
the  progress  of  the  test  as  a  result  of  vibrations  of  the 
plunger. 

5.  The  total  energy  of  the  blow  required  to  cause 
failure  is  not  influenced  by  secondary  blows  of  the 
hammer,  produced  by  its  rebound  after  striking  the 
plunger. 


Methods  of  Installing   Expansion   Joints 

A  special  steel  stake  is  used  by  Jensen  &  Krage, 
Contractors,  Sioux  City,  la.,  in  connection  with  the 
installation  of  premolded,  sandwich  type,  expansion 
joints,  for  concrete  pavements.  The  arrangement  is 
described  in  the  Concrete  Highway  Magazine,  from 
which  this  note  is  taken : 

In  setting  a  joint,  a  line  is  stretched  across  the  street 
at  the  desired  location.  A  2  by  6-in.  temporary  header 
is  staked  to  the  line,  using  the  steel  pins  on  the  side 
away  from  that  on  which  the  joint  will  be  placed.  The 
stakes  are  driven  down  until  the  outstanding  lug  bears 
on  the  upper  edge  of  the  header.  The  joint  filler  is  then 
laid  against  the  header  and  staked  in  place  with  the 
steel  pins,  the  lugs  bearing  only  on  the  upper  edge 
of  the  joint  filler.  After  concreting  a  foot  or  so  beyond 
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Fig.    1.  Fig.    2. 

the  joint,  the  stakes  holding  the  header  are  pulled, 
thus  permitting  its  removal.  The  joint  is  still  held  by 
the  remaining  stakes  which  are  not  pulled  until  con- 
crete has  been  tamped  into  the  space  left  by  the 
header. 

Another  method  of  installing  joints  uses  the  special 
arrangement  shown  in  Fig.  2.  A  2  by  6  plank  is 
fastened  and  firmly  braced  to  wooden  runners  which 
ride  on  the  side  forms.  Specially  shaped  pieces  of 
strap  iron  are  fastened  about  1  ft.  apart  to  one  side 
of  the  2  by  6.  The  joint  material  is  gripped  against 
these  by  removable  iron  straps,  on  the  opposite  side 
of  the  plank,  held  in  place  by  wing  nuts. 

In  using  this  arrangement,  the  joint  material  is 
securely  clamped  between  the  irons,  and  concrete  is 
then  placed  on  both  sides.  The  wing  nuts  are  then 
loosened,  thus  permitting  the  plank  to  be  removed, 
leaving  the  joint  in  place. 


Military  Road  Construction  in 
France 

An  interesting  description  of  the  methods  employed 
in  constructing  roads  behind  the  battle  front  in 
France  is  given  in  a  letter  received  recently  by  Mr. 
George  C.  Warren,  president  of  Warren  Bros.  Co.,  Bos- 
ton. The  writer,  W.  G.  Mackendrick,  president  of  the 
Warren  Bituminous  Paving  Co.,  Ltd.,  of  Ontario,  has 
been  engaged  for  the  past  two  years  on  military  road 
construction  at  the  front  in  France  and  Belgium.  He 
went  abroad  privately  as  a  civilian,  tendered  his  serv- 
ices to  the  British  government  and  was  first  commis- 
sioned captain  in  charge  of  a  detachment  of  Canadian 
Volunteers;  he  later  was  advanced  to  major  and  re- 
cently to  Lieutenant  Colonel.  Extracts  from  his  letter 
follow: 

All  the  roads  in  France  and  Belgium  are  macadam  or  ma- 
cadam with  stone  setts  on  sand  in  the  center  of  roads  except 
in  the  towns  and  villages  where  the  main  streets  are  mostly 
stone  setts,  or  Pavic.  as  they  call  them  here.  Nearly  all  French 
roads  are  very  light  construction — from  4  to  6  in.  of  gravel  or 
stone  and  a  few  inches  of  chalk  or  sand.  They  do  not  stand 
up  under  the  intensive  traffic  in  the  army  areas  of  the  3  and  5- 
ton  lorries,  guns,  etc.,  and  in  the  spring,  fall  and  winter  it  is 
a  case  of  strengthening  them  with  macadam,  slag,  mine  refuse, 
chalk,  old  soft  bricks  from  the  destroyed  villages,  or  anything 
that  can  be  had.  On  bad  places,  wet  and  swampy,  we  use 
sleeper  roadways,  i.  e.,  railway  ties  on  three  bearers  spiked 
down,  or  3-in.  plank  roads  or  three  bearers  or  corduroy  roads 
similarly  built. 

When  building  roads  in  France  or  Belgium  we  used  to  adept 
Macadam's  method  of  standing  large  stones  on  end,  hand  placed 
and  then  breaking  oft  the  tops  and  placing  macadam  on  top  and 
rolling,  but  1  found  for  this  climate  on  wet  soil  this  method 
was  very  expensive,  as  the  huge  lorries  drove  the  stones  down 
into  the  mud  and  it  kept  on  sinking,  so  I  adopted  the  method 
of  laying  the  large  stones,  or  soling,  as  they  call  it  here,  on 
its  flatest  side  to  give  good  bearing  so  it  would  carry  the  lorries 
better  and  then  filling  the  macadam  on  top  of  this  in  dry  weather, 
rolling  and  consolidating  as  usual  and  binding  with  mud  off  the 
side  of  the  road  in  wet  weather,  first  placing  the  soling  with  more 
on  top,  and  letting  the  traffic  wiggle  it  ii'to  shape.  No  rollers  are 
used  in  winter,  as  they  block  traffic  too  much  and  are  unneces- 
sary. 

The  road  from  Albert  to  Bapaume  was  rebuilt  and  recoated  in 
this  way  and  we  carried  all  the  army  on  it  without  a  roller  on 
the  road  until  the  dry  we.itner  of  May,  when  we  started  to  put 
a  regular  coating  of  macadam  on  it  and  had  eight  rollers  working 
two  shifts  per  day  licking  it  into  shape. 

Time  is  the  factor  in  all  advance  road  work  such  as  is  only 
possible  in  these  armies,  as  from  the  minute  an  advance  is  made 
by  the  infantry  the  guns  must  go  up  in  support  and  the  muni- 
tions must  go  up  constantly  thereafter,  and  whatever  can  be 
got  to  make  the  roads  usable  is  the  thing  for  the  army.  We 
carried  all  the  roads  in  the  recent  advance  for  many  weeks  with 
repairs  made  to  all  the  shelled  sections,  which  in  the  worst 
spots  comprised  from  SO  to  90  per  cent  of  the  road  near  and  in 
villages  with  the  bricks  and  building  chalk  from  the  destroyed 
buildings  in  the  nearest  village.  The  traffic  grounds  this  ma- 
terial into  powder  and  in  wet  weather  into  mud  and  it  had  to 
be  renewed  every  day  or  two,  but  with  stone  costing  30  shillings 
a  ton  and  at  any  price  not  available  we  had  to  use  what  we 
could  get.  We  have  built  many  miles  of  railway  sleeper  roads 
for  temporary  use. 

Cost  never  enters  into  the  question  here  when  we  are  moving 
whatever  we  can  get  that  will  hold  up  the  guns  and  trafiy;  >s 
used.  Trees  are  used,  old  sleepers,  ratters  and  so  forth  from 
houses  in  the  demolished  villages  are  laid  down  to  enable  the 
guns  and  regiments  to  get  along  and  keep  moving  and  in  many 
cases  we  could  only  make  roads  good  enough  for  the  horses  to 
pull  in  the  ambulance  carts  and  limbers  could  not  be  taken  in 
over  the  only  available  roads  until  many  days  of  weeks'  work 
had  been  put  on  them.  I  have  had  10.000  to  12.000  men  work- 
ing for  many  months  and  have  used  up  to  2,000  tons  of  metal 
a  day,  not  counting  corduroy,  sleeper.s  or  pit  props  or  brick : 
when  possible  we  fill  all  holes  with  broken  bricks  and  fill  -t 
to  6  in.  macadam  on  top  for  a  wearing  surface  and  all  the  while 
we  must  keep  the  traffic  moving  usually  two  ways 
IS  ft.  wide. 
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3,512,996  Motor  Cars  in   United 
States  in  1916 

In  1916  a  total  of  3,512,996  motor  cars— including 
commercial  vehicles — and  250,820  motorcycles  were 
registered  in  the  United  States,  according  to  a  circu- 
lar prepared  by  the  Division  of  Roads  Economics, 
U.  S.  Office  of  Public  Roads,  and  issued  last 
month.  The  state  collected  in  registration  and 
license  fees,  including  those  of  chauffeurs  and 
operators,  a  total  gross  revenue  of  $25,865,369. 
As  compared  with  1915,  this  was  an  increase  of 
1,067,332  cars,  or  43  per  cent,  in  number,  and 
$7,619,659,  or  42  per  cent,  in  revenue.  This  corre- 
sponds very  closely  to  the  annual  percentage  increase 
of  the  three  preceding  years,  which  was  about  40  per 
cent  for  motor  cars  and  50  per  cent  for  revenues. 

In  1906  the  total  state  registrations  were  approxi- 
mately 48,000  cars,  on  account  of  which  the  several 
states  collected  in  fees  and  licenses  a  total  gross  reve- 
nue of  about  $193,000,  a  sum  equal  to  less  than  three- 
tenths  of  1  per  cent  of  the  rural  road  and  bridge  ex- 
penditures for  that  year,  but  of  which  only  a  small 
portion  was  applied  to  road  work.  In  1916,  however, 
of  the  total  gross  motor  vehicle  revenues,  amounting 
to  $25,865,370,  or  a  sum  equal  to  about  9  per  cent  of 
the  total  rural  road  and  bridge  revenues,  92  per  cent, 
or  $23,910,811  was  applied  directly  to  construction, 
improvement  or  maintenance  of  the  public  roads  in 
43  states.  Of  the  total  amount  applied  to  road  work, 
about  70  per  cent,  or  $16,411,520,  was  expended  more 
or  less  directly  under  the  control  or  supervision  of 
the  state  highway  departments.  The  T^^  per  cent,  or 
$1,954,559,  not  applied  to  rokd  work  was  expended 
very  largely  for  tags  and  in  carrying  out  other  admin- 
istrative provisions  of  the  various  motor  vehicle  regis- 
tration laws  of  the  several  states. 

In  48  states  all,  or  the  major  portion,  of  the  motor 
vehicle  revenues  collected  in  1916  were  expended  for 
the  construction,  improvement  or  maintenance  of  the 
public  roads,  or  for  the  maintenance  of  the  state  high- 
v;ay  departments.  In  the  states  of  Alabama,  Dela- 
ware, South  Carolina,  Texas  and  West  Virginia,  and 
the  District  of  Columbia  this  requirement  did  not 
exist. 

As  the  number  of  motor  vehicles  registered  under 
the  general  designation  of  automobiles,  motor  trucks 
pnd  commercial  vehicles  in  continental  United  States 
in  1916  was  3,512,996,  and  the  total  road  mileage  of 
the  United  States  outside  of  incorporated  towns  and 
cities  was  2,445,761  miles,  there  was  an  average  of 
1.4  motor  cars  for  each  mile  of  rural  public  road  in 


the  United  States.  But  the  distribution  of  the  motor 
cars  among  the  several  states  was  far  from  uniform. 
There  was  only  about  1  motor  car  for  every  SVa  miles 
of  rural  road  in  Arkansas,  vyhile  in  Massachusetts 
and  New  York  there  were  7.3  cars  per  mile  of  such 
road,  and  in  Rhode  Island  the  density  reached  9.8  cars 
per  mile.  While  there  was  an  average  of  1  motor  car 
registration  for  every  32  persons  in  the  United  States, 
in  the  state  of  Iowa  there  was  1  for  every  11  persons, 
but  only  1  for  every  116  in  Arkansas. 

While  there  seems  to  be  a  general  tendency  to  in- 
crease the  registration  fees  required  for  motor  trucks, 
there  is  as  yet  no  well-developed  and  definite  basis 
for  determining  in  a  logical  manner  the  fees  to  which 
the  different  cars  shall  be  subject.  In  some  states 
the  fee  is  based  on  the  net  weight  of  the  vehicle; 
in  others,  the  carrying  capacity,  the  horsepower,  or 
some  combination  of  these  factors  is  used.  The 
amount  of  fees  collected  per  car,  whether  pleasure  or 
commercial,  is  as  yet  far  from  uniform,  and  is  still 
further  complicated  by  the  widely  varying  require- 
ments for  the  registration  of  licensing  of  chauffeurs, 
owner  operators,  dealers,  etc.  Thus,  if  the  total  reg- 
istration and  license  fees  be  used  as  a  basis  of  reve- 
nue, and  the  total  number  of  automobiles,  trucks  and 
commercial  vehicles  as  a  basis  for  motor  cars,  it  is 
found  that  for  the  entire  United  States  the  average 
fee  per  motor  car  was  $7.36.  On  the  same  basis  the 
state  of  Vermont  secured  in  1916  a  gross  revenue  of 
$19.02  for  every  motor  car,  while  Minnesota  received 
only  about  50  cents  annually  for  each  car,  as  the  reg- 
istration is  for  a  three-year  period.  Furthermore,  in 
Texas  and  South  Carolina,  no  annual  registration  fees 
were  collected,  the  only  requirement  being  a  county 
fee  of  50  ct.  and  $1,  respectively. 


General  Limiting  Test  Values  for  Broken 
Stone 

A  table  of  general  limiting  test  values  for  broken 
stone  has  been  adopted  by  the  U.  S.  Office  of  Public 
Roads  and  Rural  Engineering.  These  limiting  values, 
together  with  comments  upon  limits  shown,  are  given 
in  Table  I,  which  is  taken  from  a  recently  issued  bul- 
letin of  the  U.  S.  Department  of  Agriculture. 

Cementing  values  should  show  over  25  in  all  cases 
if  material  is  to  be  used  in  water-bound  macadam 
construction.  In  general,  granites,  gneisses,  schists, 
sandstones,  and  quartzites  should  not  be  used  in  the 
wearing  course  of  water-bound  macadam  roads. 
Shales  and  slates  never  should  be  used  in  this  connec- 
tion ;  therefore  cementing  value  tests  have  been  dis- 
continued on  these  materials. 


TABLE  I.— GENERAL,  LIMITING  TEST  VALUES  FOR  BROKEN  STONE. 


Type  of  construction. 


Water-bound  macadam,   plain  or  with  dust  palliative 
ment    


rL:_ 

.  ■!  Jlode 

[  Heav 


erate 


Macadam  with   bituminous  carpet Light   to   moderate. 

Bituminous  macadam   with  seal  coat Moderate  to  heavy. 

Bituminous  concrete    {Light    to    moderate. 

(  Moderate   to  heavy. 

Binder  course  for  sheet  asplialt  or  Topeka  type -Any   

Kortland    cement    concrete Moderate  to  heavy. 

Stone    paving    block* Any     

Broken    stone    foundations do    

Cement   concrete    foundations..... 

^Liglit  traffic  is  assumed  as  less  than  100  vehicles  per  day,  moderate  traffic  between  100  and  250  vehicles,   and  heavy  traffic  over 
250  vehicles  per  day. 

^Numerous  tests  have  shown  that  limits   for  hardness  are  unnecessary    if    the   material    possesses    the    required   French   coefficient 
of  wear  and  toughness. 

^Limits   for  French   coefficient    of   wear   are   not    at   present   considered  necessary  for  this  type  of  construction. 

•Crushing  strength,  20,000  lbs.  or  over  per  sq.   in.  is  sometimes   required. 


French 

^ 

■ 

coefficient 

Toughness. 

Hardness. 

of   wear. 

.'  ■    ' 

5  to     S 

5    to     9 

10  to  17 

9  to  15 

10   to   IS 

14  or  over 

16  or  over 

19  or  over 

17  or  over 

5  or  over 

5  or  over 

n 

10  or  over 
7  or  over 

7  or  over 

<-) 

13  or  over 
6  or  over 

7  or  over 

(') 

(=) 

S  or  over 

le  or  over 

(») 

9  or  over 

11?  or  over 

3  or  over 

3  or  over 

S  or  over 
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Military  Road  Construction  at 
Mt.  Gretna,  Pa. 

E.xtensive  use  of  road  building  equipment  enabled 
the  Pennsylvania  Highway  Department  to  construct 
improved  roads  at  the  Mount  Gretna  camp  site  of  the 
National  Guard  in  record  time. 

The  work  on  the  road  building  project  commenced 
on  July  1  and  the  schedule  called  for  the  completion 
of  2  miles  of  waterbound  macadam  road,  15  ft.  wide, 
each  week,  until  the  6^2  miles,  required  by  the  mili- 
tary authorities,  were  completed. 


work  loading  cars.  Former  efforts  to  blast  the  crust 
of  the  slag  with  dynamite  were  abandoned,  as  the 
dynamite  spread  its  force  through  the  loose  slag  un- 
derneath the  crust.  The  Department  put  in  a  well- 
drilling  outfit  and,  after  drilling  holes  through  the 
hardened  crust  and  the  loosened  slag,  succesfully 
broke  up  the  mass  with  black  powder. 

The  highway  work  embodied  principally  the  complete 
opening  up  of  new  right-of-way,  which  required  that 
various  operations  had  to  be  carried  on  in  order.  The 
section  was  first  brushed  and  trees  removed  and 
stumps  and  rocks  blasted  out.  The  actual  grading 
work  was  then  taken  up.     Upon  some  of  the  sections 


Brushinc]    Right    of    Way, 


Colebrook   Section.    IVIt.    Gretna    Military        Loosening    Up    Roadbed    with    Rooter    Plow    Hauled    by    Traction 
Road.  Engine. 

this  work  was  of  magnitude  and  required  a  large  or- 
ganization to  accomplish  satisfactory  results.  When 
the  right-of-way  had  been  cleared,  traction  engines, 
with  rooter  plows,  were  started  in  to  completely 
loosen  up  the  surface.  This  was  followed  by  traction 
engines  and  road  machines,  or  graders,  which  com- 
pleted the  removal  of  the  necessary  material  to  the 
grade  lines. 

All  craters  left  by  the  removal  of  stumps  and  large 


The  State  Highway  Department  commenced  to  as- 
semble its  forces  and  equipment  immediately  after  the 
request  of  the  Adjutant  General  that  the  Department 
take  over  the  work  of  building  improved  roads  at 
Mount  Gretna,  in  preparation  for  the  mobilization  of 
the  cavalry,  artillery  and  heavy  supply  trains.  Three 
hundred  laborers  were  assembled  and  housed  in  tents 
erected  according  to  military  regulations.  These  men 
were   fed   by  the   National   Commissary   Department. 


Prepa-ing    Subgrade    for    Slag    Base. 

'The  equipment  on  the  work  included  12  traction  en- 
gines, 10  rollers,  13  scrapers,  31  dump  wagons,  22  auto 
trucks,  7  rooter  plows,  9  sprinklers,  1  scarifier,  4  har- 
rows, 4  drag  scoops  and  1  gasoline  pump.  Twenty  car- 
loads of  material  arrived  at  the  scene  of  work  daily. 

Delay  at  the  commencement  of  operations  in  secur- 
ing the  required  quantity  of  slag,  resulted  in  the  State 
'Highway  Department  practically  commandeering  a 
;  slag  pile  at  Lebanon  and  department  men  were  put  to 


Spreading   Surface  Stone  with   Road  Grader  and  Traction   Engine. 

rocks  were  filled  with  stone  in  order  to  ensure  a  solid 
subgrade.  Drains  and  culverts  then  were  placed  at. 
the  proper  locations  and  after  this  the  large  power 
:  oUers  were  put  in  operation  and  the  surface  was 
thoroughly  compacted.  Upon  the  sub-base,  after  be- 
ing properly  prepared,  the  slag,  which  was  being  used 
for  the  base  construction,  was  deposited  in  the  center 
of  the  road  in  continuous  stretches.  This  material 
-\TS  spread  in  two  layers  by  machines,  drawn  by  trac- 
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tion  engines,  each  layer  being  thoroughly  rolled,  and 
upon  completion  being  about  8-in.  in  depth. 

With  the  final  rolling  of  the  base,  the  surface  of  the 
slag  was  sprinkled,  which  tended  to  solidify  or  cement 
the  material  more  uniformly.  Upon  this  surface  was 
deposited,  in  continuous  piles  along  the  center  of  the 
road,  the  same  as  was  done  with  the  slag,  trap  rock 
ballast.  This  also  was  spread  in  place  with  the  use  of 
traction  engines  and  road  machines,  to  a  depth  of 
about  5  in. 

When  the  proper  amount  of  material  was  secured 
and  the  spreading  completed,  a  spiked-tooth  harrow, 
weighing  about  400  lb.,  was  drawn  over  the  surface  of 
the  road,  back  and  forth,  thus  segregating  the  stone 
and  eliminating  the  possibility  of  loose  pockets.  This 
operation  was  continued  until  the  teeth  of  the  harrow 
practically  rode  on  the  upper  surface  of  the  stone. 
Stone  screenings  then  were  spread  lightly  from  piles 
at  the  sides  and  followed  by  sprinkling  and  rolling 
alternately,  adding  the  necessary  amount  of  screen- 
ings during  the  operation,  in  order  to  bond  up  the  bal- 
last stone  thoroughly.  This  course  was  4  in.  in  depth 
when  compacted.  The  rolling  and  sprinkling  were 
continued  until  a  surface  mortar  was  produced  and 
the  road  showed  no  wave  under  the  operation  of  the 
roller.  When  this  was  completed,  the  surface  then 
was  opened  to  traffic  for  a  few  days  and  thereafter  giv- 
en an  additional  rolling  and  finishing,  in  order  to  com- 
pact uniformly  and  completely  all  portions  of  the  sur- 
face. 

Upon  the  finished  road  surface,  after  the  fine  ma- 
terial has  been  swept  off,  a  bituminous  treatment  of 
0.4  gal.  to  the  square  yard  was  applied  with  motor 
pressure  distributor,  using  Department  Class  "C" 
specification  material,  and  covered  with  trap  rock 
chips  in  quantities  ranging  from  15  to  20  lb.  to  the 
square  yard,  applied  with  mechanical  spreaders. 

The  work  was  carried  out  under  the  direct  super- 
vision of  George  H.  Biles,  Second  Deputy  State  High- 
wav  Commissioner. 


Exact   Weights    of   Vehicles  Recorded   in 
Traffic  Census 

What  is  probably  the  most  accurate  traffic  census 
ever  undertaken  in  this  country  is  now  being  con- 
ducted by  the  E.xperimental  Station  of  the  Engineer- 
ing Department  of  Iowa  State  College  with  the  co- 
operation of  the  Iowa  State  Highway  Commission. 

The  purpose  of  the  census  is  to  secure  accurate 
data  upon  the  number  of  vehicles  using  the  roads, 
the  relative  proportions  of  travel  between  farm  mar- 
ket traffic,  traffic  between  towns  classed  as  interur- 
ban  traffic  and  tourist  traffic,  the  relation  between 
motor  vehicles  and  team  traffic,  the  character  of  the 
tires  in  use  and  the  actual  tonnage  transported  over 
the  roads. 

The  traffic  takers  are  equipped  with  a  set  of  farm 
scales  capable  of  handling  any  ordinary  load  trans- 
ported over  the  public  highways.  The  scales  are  set 
so  that  they  occupy  about  one-half  of  the  roadway. 
When  a  driver  approaches,  he  is  signalled  to  stop, 
and  requested  to  drive  on  the  scales.  The  outfit  is 
weighed,  and  the  weight,  character  and  width  of  the 
tires,  nature  of  the  journey,  whether  farm  traffic,  in- 
terurban  or  tourist  and  other  data  recorded  in  spe- 
cially prepared  blanks. 

The  census  will  continue  for  three  months.  Im- 
portant roads  in  a  number  of  different  sections  of 
the  state  will  be  used  for  the  tests,  each  of  which  will 
occupy  about  10  days. 


Berkeley,   Cal.,    Zone     Ordinance 

Two  of  the  greatest  city  planning  achievements  of 
the  past  year,  according  to  the  Municipal  Year  Book, 
are  the  New  York  Zone  Ordinance,  and  the  Berkeley, 
Cal.,  Zone  Ordinance.  A  description  of  the  last  men- 
tioned ordinance  and  the  results  obtained  from  it  was 
given  by  Mr.  Charles  Henry  Cheney,  Architect  and 
Consultant  in  City  Planning,  San  Francisco,  in  a  paper 
presented  at  the  9th  National  Conference  on  City 
Planning.  An  abstract  of  the  paper  follows: 

Berkeley,  which  is  a  residential  suburban  city  of 
50,000  in  a  metropolitan  area  of  a  million  people  about 
San  Francisco,  is  also  the  seat  of  the  University  of 
California.  It  corresponds  somewhat  in  setting  to 
Montclair,  N.  J.,  and  the  other  suburban  towns  40 
minutes  from  New  York,  though  it  is  more  densely 
built  up. 

In  Berkeley  90  per  cent  of  the  city  is  made  up  of 
detached  single  family  residences.  If  we  chose  an 
ordinance  districting  the  whole  city  at  once,  as  in 
Los  Angeles  or  New  York,  we  foresaw  that  we  should 
have  to  make  it  very  general,  like  those  ordinances,  as 
the  public  in  a  short  time  could  only  be  educated  that 
far,  and  would  be  likely  to  misunderstand  stiffer  regu- 
lations or  protections. 

We  found  Minneapolis  attempting  the  protection  of 
single  family  residence  districts,  also  our  seeming 
greatest  need,  yet  using  the  optional  method  of  wait- 
ing until  a  petition  from  the  property  owners  affected 
was  filed  before  establishing  any  portion  of  the  city 
under  the  zone  ordinance. 

We  therefore  decided  that  the  ultimate  segregation 
f^f  single  family  residence  districts,  although  a  new 
departure,  must  be  the  thing  to  finally  work  toward, 
and  we  adapted  an  amplification  of  the  Minneapolis 
method  as  the  most  desirable  means  of  educating  the 
public  to  our  final  necessities. 

We  believe  that  our  ordinance  as  passed  has  suc- 
cessfully done  this.  It  provides  twenty-seven  classes 
of  districts;  we  shall  probably  never  have  to  use  all 
these  classes,  but  the  machinery  is  there  if  we  need  it. 
Some  districts  we  may  establish  in  Classes  XVI  and  X 
(which  latter  also  includes  Classes  I,  II,  III,  IV  and 
V),  thus  permitting  both  wholesale  and  retail  busi- 
ness, where  in  an  outlying  residence  neighborhood 
we  would  only  establish  small  retail  business  centers 
of  Class  X. 

There  are  two  particularly  distinctive  features  of 
this  Berkeley  zone  ordinance:  First,  that  it  provides 
for  single  family  residence  districts,  two  family,  group 
house,  and  apartment  house  residence  districts,  each 
protected  from  the  other  and  from  business  and  in- 
dustry. The  second  feature  that  is  important  is  that 
new  residences  are  prohibited  in  industrial  districts. 
We  had  seen  many  examples  of  industries  hampered 
and  held  back  by  small  residences  and  tenements. 

Some  manufacturers  said  to  us,  "Why,  if  the  city 
keeps  factories  out  of  residence  districts,  should  not 
residences  be  kept  out  of  factory  districts?  We  find  in 
most  cities  the  most  abject  poverty  and  the  worst 
tenement  and  bad  housing  conditions  in  the  factory 
neighborhoods.  When  we  want  heavy  traffic  pavement 
for  heavy  hauling  with  spur  tracks  in  the  sidewalk 
areas,  these  owners  of  deteriorated  homes  appear  be- 
fore the  City  Council  and  holler  so  loud  that  the 
improvements  are  held  up.  So  we  have  dejected  hous- 
ing and  hampered  industry." 

We  therefore  provided  in  Berkeley  that  no  new  resi- 
dences might  go  into  factory  districts  and  this  has  not 
vet  been  under  attack. 
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This  provision  further  has  the  effect  of  concentrat- 
ing the  industrial  areas,  and  to  limit,  or  rather  dis- 
courage, the  general  tendency  on  the  part  of  specu- 
lators to  exaggerate  their  size,  scattering  the  indus- 
trial district  over  much  more  area  than  it  can  prob- 
ably ever  occupy  to  its  best  advantage. 

During  the  past  year,  since  the  Berkeley  Zone  Ordi- 
ance  went  into  effect,  the  City  Council  has  received 
eight  petitions  for  the  establishment  of  districts  under 
the  ordinance,  which  have  been  referred  to  the  Civic 
Art  Commission  for  recommendation.  These  petitions 
were  carefully  checked  up  with  a  card  system  by  the 
consultant  to  the  commission,  an  investigator  visiting 
each  building  in  the  proposed  district,  noting  the  use, 
height  of  building,  assessed  valuation,  attitude  of  the 
owner,  etc. 

District  No.  1,  petitioned  to  be  established  as  a 
Class  I  single  family  residence  district,  comprising 
nearly  a  square  mile  of  the  best  residence  section  of 
Berkeley,  where  the  original  building  restrictions  im- 
posed by  the  real  estate  tract  developers  had  recently 
expired.  The  survey  showed: 

275  parcels  of  land,  averaging  30  feet  front,  containing 
203  single-family  residences; 

4  two-flat    buildings; 

2  converted    apartment    houses; 

1  private   school; 
60  vacant    lots; 
Ninety   per   cent   of  houses  occupied    by   owners: 
$1,250,'000  estimated  value  of  land  and  improvements. 

On  the  basis  of  this  survey  we  recommended  that 
the  petition  be  granted,  giving  exact  reasons  why  this 
should  be  maintained  as  a  district  for  single  family 
residences  only. 

The  Commission  then  called  a  hearing  of  all  the 
property  owners  in  the  proposed  district,  at  which 
only  a  few  objectors  appeared.  In  order  to  make  the 
operation  of  the  ordinance  uniform  within  the  district, 
while  not  driving  out  the  existing  flats,  converted 
apartment  houses  and  school,  we  resorted  to  what  is 
called  our  "reversionary  clause,"  stating  that  these 
existing  misfits  could  stay  there  as  long  as  they  were 
not  burned  or  moved,  or  altered,  but  that  as  soon  as 
they  attempted  to  make  a  change  the  property  would 
have  to  be  used  for  a  single  family  residence  only, 
reverting  to  the  same  use  as  the  surrounding  district. 
This  protected  the  people  who  had  built  the  school, 
the  flats  and  the  apartment  houses  in  good  faith,  and 
yet  gave  them  reasonable  time  and  notice  to  get  out 
eventually. 

The  New  York  ordinance  has  a  similar  reversionary 
clause,  providing  the  alteration  is  more  than  50  per 
cent  of  the  value  of  the  building.  We  believe  that 
this  may  leave  the  way  open  for  a  great  deal  of  trouble 
in  New  York. 

This  district  was  then  recommended  by  the  Civic 
Art  Commission  to  the  Council  for  establishment,  and 
the  Council  so  acted  in  July,  1916,  nearly  a  year  ago, 
and  we  have  had  but  one  complaint  against  it  since, 
and  that  from  an  owner  of  a  converted  apartment 
house,  who  desires  to  tear  down  and  build  a  new 
building,  against  the  protest  of  all  of  his  neighbors. 
So  far  we  have  steadfastly  refused  to  countenance  this. 

District  Petition  No.  2  asked  that  a  district  of  Class 
V  for  apartments  and  all  types  of  flats  and  dwellings 
be  created  over  about  three  blocks  of  an  old  section, 
rather  gone  to  seed,  near  the  heart  of  the  city.  Our 
survey  showed : 

40  sing-le-family  residences; 
12  two-family    residences; 

2  converted  apartment  buildings; 

2  Japanese  laundries  and  residences; 

1  Chinese   laundry; 

1  construction  camp  and  stable  with   6  horses,   cow,   etc.     Ko 
buildings  in  the  district  over  two  stories  in  height. 
811  per  cent  of  the  district  occupied  by  renters. 
10  per  tent  of  lots  vacant. 
?300,000  approximate  value  of  district. 


In  analyzing  the  reasons  why  this  district  had  de- 
teriorated we  found  that  practically  all  of  its  troubles 
traced  back  directly  to  the  old  construction  camp  and 
stable.  Fumes  and  odors  from  it  made  the  three  ad- 
joining houses  to  the  windward  impossible  to  rent  to 
any  but  Japanese  tenants,  who  demanded  no  repairs 
and  operated  laundries  in  these  houses.  There  was 
also  one  Chinese  laundry  on  the  next  street,  which 
made  adjoining  property  a  block  away  undesirable, 
with  consequent  lowering  of  rents.  We  therefore  rec- 
ommended to  the  Council  that  the  construction  camp 
and  laundries  must  be  entirely  eliminated,  and  further 
that  the  petition  be  granted  permitting  flats  and 
apartments,  provided  they  were  not  more  than  2^4 
stories  in  height,  as  per  our  Class  IX  of  the  ordinance. 

District  Petition  No.  3  asked  for  the  classification  of 
about  one  square  mile  of  the  best  residence  area  of 
the  city  adjoining  the  University  of  California  as  a 
single  family  residence  district  of  Class  I.  The  survey 
showed: 

294  single-family  dwellings; 
»  two-family  dwellings; 
3  group    dwellings; 
10  boarding   clubs   or   fraternity   houses; 
1  private   school; 
1  creamery; 

1  sanatorium. 

2  large  barns  with  5  horses  each. 

$3,000,000  approximate  value   of  district  and   improvements. 
254  lots  built  upon  and  131  lots  vacant. 

Although  there  were  150  petitioners  for  this  dis- 
trict, strong  opposition  developed  from  a  small  coterie 
of  selfish  land  owners,  who  desired  to  improve  their 
property  at  the  expense  of  their  neighbors,  regardless 
of  the  result,  and  who  inflamed  public  opinion  in  the 
district  as  to  constitutionality  and  every  other  objec- 
tion possible  to  the  ordinance.  Over  twenty-six  neigh- 
borhood meetings  have  been  held  in  this  district,  and 
two  hearings  by  the  Commission,  but  as  yet  no  com- 
plete agreement  has  been  arrived  at. 

District  Petition  No.  4.  About  three  square  blocks 
of  high  class  residence  district  applied  by  classifica- 
tion under  Class  II,  which  permits  flats.  A  survey 
showed  that  there  was  not  one  flat  building,  and  only 
single  family  residejjces  in  the  disti-ict  as  proposed. 
The  petitioners  were  recommended  to  submit  a  new 
petition  for  a  district  of  Class  I,  rather  than  to  en- 
courage the  building  of  flats  in  their  neighborhood. 
The  Commission  felt  that  whatever  classiflcation  is 
once  established,  the  district  may  be  expected  event- 
ually to  build  up  to. 

District  Petition  No.  5,  for  the  protection  of  a  new 
church  in  a  residence  district,  granted  after  several 
stormy  meetings. 

District  Petiton  No.  6,  asking  for  the  establishment 
of  IV2  square  miles  of  high-class  residence  district, 
as  a  district  of  Class  I,  for  single  family  residences 
only;  three-fourths  of  which  was  already  under  private 
restrictions  for  single  family  residences,  and  the  bal- 
ance of  it  permitted  business  and  flats.  The  survey 
showed  that  no  business  or  flats  had  ever  been  built, 
except  upon  five  lots  out  of  two  hundred  or  more 
thrown  open  to  these  uses;  that  the  whole  neighbor- 
hood was  practically  a  single  family  owners  district, 
which  desired  to  maintain  its  home  character. 

The  petition  was  recommended  to  the  Council  to  be 
granted,  with  the  addition  of  several  adjoining  blocks, 
and  will  be  established  this  month. 

District  Petiton  No.  7.  A  new  manufacturing  plant 
expecting  to  invest  a  large  sum  of  money  on  buildings 
covering  about  two  acres  of  ground,  was  afraid  to  pro- 
ceed on  account  of  the  existence  of  the  zone  ordinance, 
and  until  the  property  has  been  classified  as  an  ex- 
clusive manufacturing  district.   The  petition  was  rec- 
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ommended  to  the  Council  and  the  district  established 
by  ordinance. 

District  Petition  No.  8.  A  residence  district  of  about 
three  blocks  became  alarmed  over  the  possible  loca- 
tion of  a  negro  dance  hall,  on  a  prominent  corner, 
and  petitioned  for  establishments  as  a  district  of 
Class  V,  permitting  apartments,  flats  and  all  kinds  of 
residences.  Survey  of  this  district  showed  that  only 
single  family  residences  and  flats  existed  at  present, 
with  90  per  cent  of  the  lots  built  upon.  The  petitioners 
were  recommended  to  bring  in  a  new  petition  for  a 
district  of  Class  II,  permitting  single  family  resi- 
dences and  flats  only,  which  they  immediately  did, 
and  the  Council  has  just  passed  an  ordinance  estab- 
lishing the  district.    (May,  1917.) 

The  above  examples  serve  to  show  practical  labora- 
tory work  in  city  planning  which  we  have  been  doing 
in  Berkeley,  and  how  zoning  for  single  family  resi- 
dences is  not  only  essential,  but  in  demand  and  ready 
to  be  fought  for  by  the  people  themselves.  Every  city 
in  the  country,  we  feel,  has  got  to  come  to  it  sooner 
or  later,  and  we  believe  that  by  being  careful,  ironing 
out  the  misunderstandings,  and  treating  everybody 
fairly,  without  too  much  pressure  on  existing  misfits 
and  intrusions,  that  we  can  firmly  establish  this  great 
principle  of  protecting  the  home  against  the  intrusion 
of  the  less  desirable  and  floating  renter  class. 

However,  we  warn  other  cities  to  be  most  careful 
about  establishing  single  family  residence  districts. 
No  city  should  do  so  unless  it  is  prepared  to  spend 
whatever  is  necessary  for  adequate  legal  advice  to 
carry  the  matter  to  the  United  States  Supreme  Court 
if  necessary. 
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Report   Forms   for    Inspectors 
Milwaukee  County  High- 
way Department 

Practically  all  construction  work  for  the  Highway 
Department  of  Milwaukee  County,  Wisconsin,  is  car- 
ried on  by  contract.  The  inspection  is  taken  care  of 
by  an  inspector  with  each  crew,  except  grading  crews, 
and  occasionally  a  culvert  crew,  and  also  by  the  su- 
perintendent of  construction,  who  superintends  all  of 
the   construction   work  and   acts   as   chief   inspector, 


CONCRETE  CREW 

Daily  Report Road  N. 

Day  of  Week Dale lyl Weather 

Total  men  oa  payroll  today Teams.. 

Cement  Sand  and  Gn 

No   bags  on  hand  A.  M enough  sand  on  hand  Toi 

No.  bags  received  today -       Enough  gravel  on  hand  foi 

No.  bags  used  today 

No.  bags  on  hand  atnigb 
No.  empty  bags  returned.. 
Cars  Unloaded  today  or  i 


I 

Enough  sand  on  hand  for days  rui 

Enough  gravel  on  hand  for.. ..    days  rui 

Road  Metal 
Pavement    today    completed    from    Sta 


nber  o(  Cu.  Yds.  Received. 


•  No 


Ma 


Remarks  and 


Fig.    1 — Inspectors'    Dally    Report    Form 
Culverts. 


for   Concrete    Roads    and 


and  culverts,  and  on  the  form  shown  as  Fig.  2  for 
earthwork,  these  reports  being  checked  up  in  the  of- 
fice by  the  commissioner  and  the  superintendent,  and 
if  the  material  used  does  not  balance  with  the  amount 
of  road  constructed,  or  if  the  proper  portions  have  not 


visiting  each  job  as  often  as  possible  and  checking 
up  the  work  to  see  if  the  inspector  is  getting  the  de- 
sired results. 

The  inspector  is  given  a  copy  of  the  plans  and  speci- 
fications and  is  expected  to  see  that  they  are  carried 
out  in  every  detail.  He  is  also  required  to  file  a  daily 
report  on  the  form  shown  as  Fig.  1  for  concrete  roads 


Daily  Report                                                                           Roaa 

Day  or  Week Date                                191          Weather 

Total  number  of  men  on  payroll  today                                Teams 

Nature  of  work„ 

Work  completed   from  Sta        _.      „_          -,           to  Sta 

For  Uravel  Pit  Foremen  — 

No.  of  Cu.  Yds-  Sand  hauled  away  today 
No.  of  Cu.  Yds.  Stone  hauled  away  today 

and  tnfftn^  hauling  dailn. 

Remarks 

..     ,,  Road 

Road 

Foreman 

Fig.    2 — Inspectors'    Daily    Report   Form   for    Earthwork. 

been  used,  the  superintendent  immediately  visits  the 
work  and  takes  steps  to  see  that  the  fault  is  corrected. 
On  sheet  asphalt  pavement  construction  the  county 
maintains  an  inspector  on  the  work  and  one  at  the 
plant.    The  plant  inspection  consists  in  watching  the 


ASPHALT     PLAKT 


Coirtiactor.  . . 
PEraTRATICfIS: 


Dale 1914 

Day  of  'ir/eek 

'^/eather 


Time  Taken 


Used  for 


Kettle  #1  . 
Kettle  #2  . 
Kettle  1t3   .. 


ANALYSIS  OP  MINERAL  AGGREGATE; 


Bitumen 

Passing  200 

"     60 

40 

10 

"      <1 

. ,  .Lds.3inc'.e:c 
..."   Tor. 


boxes  per  Ld. 


Total  Boxes 


MIXTTOE:- 
Bindor 

T0£ 

CfflENT:- 


Eemarks:- 


. .lbs.  ACC. , 
. ,  "   A.C.. 


On  Hand  A.M. 

Received 

Used 

On  Hand  P.M. 

■Enpties  Ket'd 


.lbs.  Stone  &  Sand 
.  '  Cenent  ...#Sand 


Bags 


.Plant  Inspector 


Fig.  3 — Form  of  Dally  Report  by  inspectors  at  Asphalt  Plant. 

weights  and  temperatures  of  the  sand,  stone  and  as- 
phaltic  cement  and  the  penetration  of  the  asphaltic 
cement,  and  of  analyzing  the  surface  mixtures  daily. 
The  form  used  for  the  daily  report  of  the  asphalt  plant 
inspector  is  shown  as  Fig.  3. 
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Conmercial  Deposits   of  Road 
Materials  in  Illinois 

The  lack  of  local  materials  suitable  for  road  construc- 
tion in  many  parts  of  Illinois  makes  the  knowledge  of 
commercial  deposits  a  matter  of  special  importance  to 
all  concerned  in  highway  construction.  Gravel  pits 
and  stone  quarries  are  scarce  in  the  central,  eastern 
and  southern  portions  of  the  state,  and  materials  used 
in  building  hard  surfaces  on  highways  have  to  be 
shipped  in,  often  from  considerable  distances.  As 
these  materials  are  very  heavy  and  their  transporta- 
tion is  expensive,  it  is  desirable  to  have  information 
of  the   deposits   of    material    that    are   most  readily 


attention  of  the  State  Highway  Department  during 
past  years. 

The  accompanying  maps,  reproduced  from  the  bul- 
letin, show  the  approximate  locations  of  the  sand  and 
gravel  deposits  and  the  stone  quarries.  Each  deposit 
is  numbered,  and  reference  to  the  tables  following, 
also  abstracted  from  the  bulletin,  will  show  the  ca- 
pacities of  the  plants  and  the  names  of  the  owners. 
The  pits  are  numbered  from  north  to  south,  first  in 
Illinois,  following  with  the  neighboring  states.  Only 
those  deposits  from  which  road  materials  have  been 
shipped  to  Illinois  in  the  past  have  been  listed. 

The  maps  are  intended  to  show  only  the  approxi- 
mate location  of  the  deposits.    To  determine  the  ship- 


Map  Showing  Location  of  Sand  and  Gravei  Deposit. 

available  and  at  lowest  cost.  Owing  to  wide  varia- 
tions in  freight  rates  and  often  prohibitive  switching 
rates,  it  is  sometimes  possible  to  obtain  materials 
which  have  to  be  transported  long  distances  by  rail 
cheaper  than  materials  from  quarries  or  pits  that  are 
located  within  a  few  miles  of  the  work. 

A  useful  compilation  of  statistics  on  the  materials 
available  for  highway  construction  has  been  issued 
recently  by  the  Illinois  State  Highway  Department. 
This  bulletin  was  prepared  by  Mr.  F.  L.  Roman,  Test- 
ing Engineer  of  the  Department,  and  it  gives 
in  readily  available  form  information  regarding  the 
commercial   deposits   that  have  been  brought  to  the 
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IVlap   Showing    Location   of  Stone  Quarries. 

ping  facilities  from  or  to  any  given  point,  reference 
should  be  made  to  some  large  railroad  map. 

.SAXD   AND    GRAVEL   PRODUCERS. 
Owner. 
Great  Western  Sand  &  Gravel  Co.,   Chicago. 
Atwood-Davis  Sand  Co..  Chicago. 
American  Sand  &  Gravel  Co.,  Chicago. 
James  A.    Buckley.   Chicago. 
The  Consumers'   Co.,   Chicago. 
American   Sand   &  Gravel  Co..   Chicago. 
Lake   County  Gravel  Co.,  Chicago. 
American   Sand  &  Gravel  Co.,   Chicago. 
Consumers'   Co..  Chicago. 
Lake   Shore  Sand   Co.,   Chicago. 
Aetna   Sand   &    Gravel   Co..    Algonquin.   111. 
Pyatt    Gravel   &    Sand   Co..    Algonquin.    111. 


Capacity. 

1.500 

yd. 

1.800  yd. 

13 

cars 

12-15 

cars 

2r, 

cars 

12 

cars 

600 

yd. 

30 

cars 

20 

cars 

75 

cars 

August  1,  191 ; 
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Capacity. 

15 

cars 

40 

cars 

20 

cars 

35 

cars 

50 

cars 

20 

cars 

50 

cars 

1,000 

yd. 

1.000 

yd. 

300 

yd. 

400 

yd. 

coo-soo 

yd. 

1.000 

yd. 

400 

yd. 

500 

yd. 

10 

cars 

200 

yd. 

100 

yd. 

600 

yd. 

15 

cars 

80 

yd. 

1.200 

yd. 

25 

cars 

SOC 

yd. 

100 

yd. 

SO 

cars 

600 

yd. 

14 

cars 

40 

cars 

50 

cars 

10 

cars 

20 

cars 

* 

Owner. 
Keinert   Brothers,    Algonquin,    111. 
Ready-Ryan  Sand  &  Gravel  Co.,  Algonquin,  111. 
American  Sand  &  Gravel  Co.,   Chicago. 
Rockford  Sand  &  Gravel  Co.,   Rockford,   111. 
American  Sand   &    Giavel   Co.,   Chicago. 
Richardson  Sand  &  Gravel  Co.,  Chicago. 
A.  Y.  Reed  Gravel  Co..  Elgin,  111. 
Chicago  Gravel  Co.,   Chicigo. 
American   Sand  &   Gravel  Co.,   Chicago. 
Esson    Sand   &   Gravel   Co.,   Chicago. 
Richardson  Sand  &  Gravel  Co.,  Chicago. 
Great  Western  Sand  &  Gravel  Co.,  Chicago. 
Oregon   Gravel  Co.,   Oiegon,   111. 
Worth  Sand  &  Gravel  Co.,  Worth.   111. 
H.  D.  Conkey  Sand  &  Gravel  Co.,  Mendota.  111. 
Chicago  Gravel  Co.,  Chicago. 
Chicago  Gravel  Co.,  Chicago. 
Illinois  Gravel  &  Material  Co.,  Joliet,  111. 
Moline    Sand    Co.,    Moline,    III. 
Rock  Island  Sand  &  Gravel  Co.,  Rock  Island,  111. 
Interstate  Material  Co.,  Davenport,  la. 
McCraney  Sand  &  Gravel  Co.,  Davenport,  la. 
Galesburg  Sand  &  Gra\  el  Co.,  Galesburg,  111. 
F.  G.   Boyden,  ShefReld,  111. 
Moline   Sand  &   Gravel   Co.,    Moline,   HI. 
Illinois   Valley  Sand  Co.,   Ottawa,   111. 
C.   S.   Ayeis,  Ottawa.  111. 
Ottawa  Silica  Co.,  Ottawa.  111. 
Western  Sand  &  Gravel  Co.,  Spring  Valley,  111. 
H.  D.  Conkey  Sand  &  Gravel  Co.,  Mendota,  111. 
South  Lacon  Sand  &  Gravel  Co.,  Lacon,  III. 
Mackinaw   Sand  &  Gravel  Co.,  Lincoln,  111. 
Terry    &    Lewis.   Galesburg,    111. 
Feoria  Washed  Sand  &  Gravel  Co.,  Peoria,  III. 
J.    H.    Gerrard,    Peoria,    Hi. 
Virginia   Timber   Co.,    Springfield. 
Mackinaw  Sand   &   Gravel  Co.,  Lincoln,  111. 
Gibson  Sand  &  Gravel  Co.,  Gibson  City,  111. 
W.  S.  Youle.  Saybrook,  111. 
Hamilton   Stone  &   Sand  Co.,  Hamilton,   111. 
Lincoln  Sand  &  Gravel  Co.,  Lincoln,  III. 
Quincy  Sand  Co.,  Quir.cy,  111. 
Barry  Sand  &  Gravel  Co.,  Barry,  111. 


Neal  Gravel  Co.,  Mattoon,  III. 
Mississippi  Sand  Co.,   Alton,  111. 
Stocker   Gravel    &   Artificial    Stone   Co.,    High- 
land, 111. 
Union  Sand  &  Material  Co..   St.  Louis,  Mo. 
Mt.  Carmel  Sand  &  Gravel  Co.,  Mt.  Carmel,  HI. 
Mt.  Carmel  Elevator  Co.,  Mt.  Carmel,  111. 
Yourtee-Roberts  Sand  Co  ,  Chester,  III. 
Novaculite   Paving  Co.,    St.   Louis,   Mo. 
H.  H.  HalUday  Sand  Co.,  Cairo,  111. 
Wisconsin. 
105  cars         Janesville  Sand  &  Gravel  Co.,  Janesville,  Wis. 

Great  Western  Sand  &  Gravel  Co.,  Chicago,  111. 

3,000  yd.  Waukesha  Lime  &  Stone  Co.,  Waukesha,  Wis. 

Iowa. 

Molo   Sand    &    Gravel   Co.,    Dubuque,    la. 

12  cars         Sabula  Sand  &  Gravel  Co.,   Sabula,  la. 

Interstate    Material    Co..    Davenport,    la. 

Indiana. 
35  cars         Consnmers*   Co.,   Chicago.   111. 
20  cars         Million   Brothers,   Lake   Cicott,    Ind. 
35  cars         Lewisburg   Stone  Co.,   West  Lafayette,   Ind. 
15  cars        Lafayette  Hydraulic  Co.,  Lafayette,  Ind. 
•J.>  cars         Kickapoo  Sand  &  Gravel  Co.,  Attica,  Ind. 
35  cars         Indiana  Sand  &   Gravel  Co.,   Chicago.   HI. 
30  cars         Carmichael   Gravel  Co.,  Williamsport,   Ind. 
15  cars         The  Neal  Gravel   Co.,   Mattoon,  111. 
25  cars         The  Neal  Gravel  Co.,   Mattoon.  III. 
SCO  yd.  Interstate  Sand  &  Gravel  Co.,  Terre  Haute,  Ind 

20  cars         The  Neal  Gravel  Co.,   Mattoon,  111. 
4-5  cars         Clover  Leaf  Gravel  Co.,  Cayuga,  Ind. 
25  cars        W'abash  Sand  &  Gravel  Co..  Terre  Haute,  Ind 
35  cars         Summit  Sand  &  Gravel  Co.,  Terre  Haute,  Ind. 
1,000  yd.  A.   Miller  &   Sons,   Clinton,  Ind. 

30  cars  Summit  Sand  &  Gravel  Co.,  Terre  Haute,  Ind 
2S  cars  Wabash  Sand  &  Gra'.  el  Co.,  Terre  Haute,  Ind 
500  yd.  Maek.-iville  Gravel  Co.,  Terre  Haute,  Ind. 

20  cars         East  &  De  Frees,  Worthington.  Ind. 
500-1,200  yd.       Merom    Gravel  Co..   Indianapolis,   Ind. 
800  tons        Anderson-Theobald  Co.,  Vincennes,  Ind. 
500  yd.  P.   W.   Lebanon  &   Sons,  Vincennes,   Ind. 

20  cars         Bedford  Nuget  Co.,  Evansville,  Ind. 
Ind. 
•Fit  may  be   opened  in  a  short   time. 


40  cars 
1,500  yd. 
150  yd. 

2,000  yd. 

150-250  yd. 

300  yd. 

20  cars 

1,200  yd. 

20  cars 


No.  Capacity.                 Owner. 

95  400-500  yd.  Independent    Sand    &    Gravel    Co.,    Evansville, 

96  750  yd.  Evansville  Sand  &  Gravel  Co.,  Evansville.  Ind 

97  5-00  yd.  Evansville  Sand  &  Gravel  Co.,  Evansville,  Ind. 

Missouri, 

98  Canton    Sand   Co.,    Canton,   Mo. 

99  400  yd.  Geo.  W.  Camery,  Hannibal,  Mo. 

100  1,800  }d.  Union  Sand  &  Material  Co.,  St.  Louis,  Mo. 

101  Universal  Sand  Co..  St.  Louis,  Mo. 

102  25  cars  Continental  Portland  Cement  Co.,  St.  Louis,  Mo. 

CRUSHED  STONE  PRODUCERS. 

1  G.   W.- Martin,   533  Fisher  Ave.,  Rockford,  111. 

2  123  yd.  Sanfprd   &   Zartman,   Freeport,   111. 

3  Carrico  Stone  Co.,    Rockford,   111. 

4  20C  yd.  Hart  &  Page,  Rockford,  111. 

J  150  yd.  Electric   Stone  Co.,   Belvidere,  111. 

0  W.   H.  Rink,  Dixon,  HI. 

7  1,000-1,500  yd.  Elmhurst-Chicago  Stone  Co.,   Elmhurst,  111. 

£  2.500  yd.  A.   C.   O'Laughlin   Co..   Chicago. 

9  600  yd.  Chicago  Union  Lime  Works  Co.,  Chicago. 

10  Dolese   &    Shepard    Co.,    Chicago. 

11  Riverside   Lime   &    Stone   Co.,    Chicago. 

12  1,000  yd.  Superior  Stone  Co.,   Chicago. 

13  1,000  yd.  Chicago  Union  Lime  Works  Co.,  Chicago. 

14  5.000  yd.  U.  S.  Crushed  Stone  Co.,  Chicago. 

15  6,000  yd.  Dolese  &  Shepard  Co..  Chicago. 

16  Elgin  Crushed  Stone  &   Sand  Co.,  Elgin,  111. 

17  John  Hendrickson,  Batavia,  111. 

18  2,000  yd.  Illinois   Stone   Co.,    Chicago. 

19  15-20  cars  Joliet  Crushed   Stone  Co.,   Joliet,   111. 

20  300  yd.  Franklin  Stone  Co.,  Blue  Island,  111. 

21  5,000  yd.  Brownell    Improvement    Co.,    Chicago. 

22  1.000  yd.  Contracting  &  Material  Co.,   Chicago. 

23  700  yd.  Ideal  Crushed  Stone  Co..   Joliet,  III. 

24  200  yd.  Joliet   Artificial   Stone   Co.,   Joliet.   111. 

25  2,500  yd.  National  Stone  Co.,  Joliet,  HI. 
20  12  cars  State  Penitentiary,  Joliet,  111. 
27  1,5-00  yd.  Western  Stone  Co.,  Joliet,  111. 

2S  150  yd.  T.   B.  &  S.   S.  Davis,  Rock  Island,  111. 

29  500  .vd.  McLaughlin-Cook  Co.,   Kankakee,   HI. 

30  West   Side   Quarry,    Kankakee,   111. 

31  1,500  yd.       *  Lehigh   Stone  Co.,   Kankakee,   111. 

32  10  cars  Hamilton   Stone  &   Sand  Co..  Hamilton,   III. 

33  200  yd.  Marblehead  Lime  Co.,   Chicago. 

34  200  yd.  William   D.   Meyer,   Quincy,   111. 

35  SO-120  yd.  F.    W.    Menke   Stone   &   Lime   Co.,    Quincy,   HI. 

36  Roeder-Greenma.in   Stone  &  Construction   Co., 

Quincy,    III. 

37  100  yd.  Marblehead  Lime  Co.,  Chicago. 

38  Casparis  Stone  Co.,  Columbus,  O.  ■ 

39  Casey  Stone  Co.,  Casey,  HI. 

40  150  yd.  Farmers  Limestone  Milling  Co.,   Robinson,   111. 

41  200  yd.  John    Brogan.    Eldred,    HI. 

42  400  yd.  M.    T.    Kiggins,   Hillsboro,  111. 

43  200  yd.  Grafton  Quarry  Co.,  St.  Louis,  Mo. 

44  100  yd.  Western  Whiting  Mlg.  Co..  Elsah,  111. 

45  200  yd.  Harry  Gissal   Quarry   Co.,  Alton,  111. 

46  400  yd.  Mississippi  Sand  Co.,  Alton.  111. 

47  200  yd.  Reliance  Quarry  &  Construction  Co.,  Alton,  HI. 

48  70  yd.  C.    F.    Yeakel,    Alton,    111. 

49  400  yd.  East  St.   Louis  Stone  Co.,   East  St.  Louis,  111. 

50  700  yd.  Casper  Stolle  Quarry  &  Contracting  Co.,  East 

St.    Louis,    HI. 

51  200  yd.  Columbia  Quarry  Co.,  St.  Louis,  Mo. 

52  Columbia  Quarry  Co.,  St.  Louis,  Mo. 

53  2  cars  .State  Penitentiary.   Chester,  HI. 

54  400  yd.  C.  F.  Massey  Co.,  Chicago. 

55  800  yd.  Charles   Stone   Co.,    Marion,    HI. 

Wisconsin. 

56  2.000  yd.  Universal   Crushed   Stone   Co.,   Chicago. 

57  U.   S.  Crushed  Stone  Co.,  Chicago. 

58  1.500  yd.  Wisconsin  Granite  Co.,  Chicago. 

59  SOO  yd.  Racine   Stone   Co.,    Chicago. 

60  1.000  yd.  Waukesha  Lime  &  Stone  Co..  Waukesha,  Wis. 


400 
1,000 


(39) 


1.200 

yd. 

3.500 

yd. 

800 

yd. 

30-40 

cars 

1.000 

yd. 

500 

vd. 

Linwood    Quarries   Co.,  Davenport,  la. 
Dolese  Bros.   Co.,   Chicago. 

Missouri. 
Hannibal  Lime  Co.,  Hannibal,  Mo. 
Hannibal  Lime  Co.,  Hannibal,  Mo. 
Hueston-Bland   Stone   Co..   Hannibal,   Mo. 
Marblehead   Lime  Co..   Chicago. 

Indiana. 
Ohio  &  Western  Lime  Co.,  Huntington,  Ind. 
Casparis  Stone  Co.,  Columbus,  O. 
Newton  County  Stone  Co.,  Kentland.  Ind. 
A.  &  C.   Stone  &  Lime  Co..  Indianapolis.  Ind. 
Ohio  &  Indiana  Stone  Co.,  Indianapolis,  Ind. 
Spencer   Stone    Co.,    Indianapolis.    Ind. 
Mitchell  Lime  Co.,  Mitchell.  Ind. 
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Proposed   Toughness  Test  for 
Road  Rock 

A  revision  of  the  present  test  for  toughness  of  mac- 
adam rock  was  recommended  at  the  last  annual  meet- 
ing of  the  American  Society  for  Testing  Materials  by 
the  Society  Committee  on  Road  Materials.  The  present 
test  was  made  standard  by  the  Society  in  1908.  The 
revised  form  gives  more  complete  and  specific  direc- 
tions and  at  the  same  time  makes  the  test  more  serv- 
iceable for  ascertaining  the  relative  toughness  of  dif- 
ferent rocks.  The  committee  recommended  that  the 
test  be  published  as  tentative  for  one  year  before  re- 
ferring it  to  letter  ballot  of  the  Society  for  adoption 
as  standard.   The  proposed  test  follows: 

1.  Toughness,  as  applied  to  rock,  is  the  resistance  offered 
to  iracture  under  impact,  expressed  as  the  final  height  of  blow 
required  of  a  standard  hammer  to  cause  fracture  of  a  cylindrical 
test  specimen  of  given  dimensions. 

2.  Quarry  samples  of  rock  from  which  test  specimens  are 
to  be  prepared  shall  measure  at  least  6  in.  on  a  side  and  at 
least  4  in.  in  thickness,  and  when  possible  shall  have  the  plane 
of  structural  weakness^  of  the  rock  plainly  marked  thereon. 
Samples  should  be  taken  from  freshly  quarried  material,  and  only 
from  pieces  which  show  no  evidences  of  incipient  fracture  due 
to  blasting  or  other  causes.  The  samples  should  preferably  be 
split  from  large  pieces  by  the  use  of  pluES  and  feathers  and  not 
by  sledging-.  Commercial  stone-block  samples  from  which  test 
specimens  are  to  be  prepared  shall  measure  at  least  3  in.  ou 
each  edge. 

3.  Specimens  for  test  shall  be  cylinders  prepared  as  de- 
scribed in  Section  4,  2j  mm.  in  height  and  21  to  25  mm.  in  diam- 
eter. Three  test  specimens  shall  constitute  a  test  set.  The  ends 
of  the  specimen  shall  be  plane  surfaces  at  right  angles  to  the 
axis  of  the  cylinder. 

4.  One  set  of  specimens  shall  be  drilled  perpendicular  and 
another  parallel  to  the  plane  of  structural  weakness  of  the  rock, 
if  such  plane  is  apparent.  If  a  plane  of  structural  weakness  is 
not  apparent  one  set  of  specimens  shall  be  drilled  at  random. 
Specimens  shall  be  drilled  in  a  manner  which  will  not  subject 
the  material  to  undue  stresses  and  which  will  insure  the  speci- 
fied dimensions. =  The  ends  of  the  cylinders  may  be  sawed  by 
means  of  a  band  or  diamond  saw,'  or  in  any  other  way  which 
will  not  induce  incipient  fracture,  but  shall  not  be  chipped  or 
broken  off  with  a  hammer.  Alter  sawing,  the  ends  of  the 
specimens  shall  be  ground  plane  with  carborundum  or  emery 
on  a  cast-iron  lap  until  the  cylinders  are  24  mm.  in  length. 

5.  Any  form  of  impact  machine  which  will  comply  with  the 
following  essentials  may  be  used  in  making  the  test: 

(a)  A  cast-iron  anvil  weighing  not  less  than  50  kg.,  firmly 
fixed    upon    a    solid    founda'tion. 

(b)  A  hammer  weighing  2  kg.,  arranged  so  as  to  fall  freely 
between   suitable  guides. 

(c)  A  plunger  made  of  hardened  steel  and  weighing  1  kg., 
arranged  to  slide  freely  in  vertical  direction  in  a  sleeve,  the 
lower  end  of  the  plunger  being  spherical  in  shape  with  a  radius 
of  1   cm. 

(d)  Means  for  raising  the  hammer  and  for  dropping  it  upon 
the  plunger  from  any  specified  height  from  1  to  not  less  than 
75  cm.,  and  means  for  determining  the  height  of  fall  to  approxi- 
mately 1   mm. 

(e)  Means  for  holding  the  cylindrical  test  specimen  securely 
on  the  anvil  without  rigid  lateral  support,  and  under  the  plunger 
in  such  a  way  that  the  center  of  its  upper  surface  shall,  through- 
out the  test,  be  tangent  to  the  spherical  end  of  the  plunger  at 
its  lowest  point. 

6.  The  test  shall  consist  of  a  1-cm.  fall  of  the  hammer  tor 
the  first  blow,  a  2-cm.  fall  for  the  second  blow,  and  an  increase 
of  1-cm.  fall  for  each  succeeding  blow  until  failure  of  the  test 
specimen   occurs. 

7.  The  height  of  the  blow  in  centimeters  at  failure  shall  be 
the  toughness  of  the  test  specimen.  The  individual  and  the 
average  toughness  of  three  test  specimens  shall  be  reported 
when  no  plane  of  structural  weakness  is  apparent.  In  cases 
where  a  plane  of  structural  weakness  is  apparent  the  individual 
and  average  toughness  of  the  three  specimens  in  each  set  shall 
be  reported  and  identified.  Any  peculiar  condition  of  a  test 
specimen  which  might  affect  the  result,  such  as  the  presence 
of  seams,  fissures,  etc..  shall  be  noted  and  recorded  with  the 
test   result. 

1  The  plane  of  structural  weakness  may  in  certain  cases  b« 
the  rift,  cleavage  or  bedding  plane. 

-  The  form  of  diamond  drill  described  in  Bulletin  No.  347.  U. 
S  Department  of  Agriculture,  pp.  C-7.  is  recommended,  and  should 
prove  satisfactory   if  the  instructions  are  strictly  followed. 

2  A  satisfactor\'  form  of  diamond  saw  is  described  in  Bulletin 
No.  347,  U.   S.  Department  of  Agriculture,   pp.   7-9. 


Methods  of  HandHn^  and  Measure- 
in^  Bulk  Cement 

There  is  no  argument  needed  to  convince  the  con- 
tractor and  engineer  that  the  elimination  of  the  pack- 
age problem  in  connection  with  portland  cement  would 
result  in  economy  and  saving.  The  question  which  is 
uppermost  in  the  minds  of  superintendents  on  the  job 
is  how  to  handle  and  measure  bulk  cement  from  the 
time  it  arrives  in  railroad  cars  until  it  finds  its  way 
into  the  charging  hopper  of  the  mixer. 

There  are  several  methods  which  have  been  suc- 
cessfully used,  the  choice  of  which  depends  upon  the 
size  of  the  job,  railroad  facilities  and  the  general 
layout  of  the  construction  plant. 

To  those  who  have  not  used  cement  in  bulk  it  may 
seem  reasonable  to  suppose  that  it  will  be  exceedingly 
dusty  to  handle.  Experience  has  proved  the  contrary. 
Bulk  cement  in  transit  becomes  packed  so  that  on  its 
arrival  at  destination,  a  man  can  walk  on  the  surface 
without  sinking  in  to  any  appreciable  depth.  This 
packing  makes  it  possible  to  shovel  the  cement  with 
practically  no  amount  of  dust  being  raised.  There  are 
no  sacks  to  be  shaken  and  that  is  perhaps  the  most 
dusty  operation  in  the  handling  of  cement  for  con- 
struction work. 

On  work  where  cement  is  being  used  in  quantities 
of  half  a  car  per  day  or  more,  and  where  the  mixing 
plant  is  located  within  reasonable  distance  of  the 
receiving  siding,  the  simplest  method  of  handling  bulk 
cement  is  to  shovel  it  directly  from  the  car  into  wheel- 
barrows of  known  capacity  and  then  through  the  pro- 
vision of  proper  runways,  wheel  the  cement  directly 
to  the  charging  hopper  of  the  mixer.  Measurement, 
when  this  method  of  unloading  and  handling  is  used, 
can  be  effected  in  the  same  way  that  the  measurement 
of  coarse  and  fine  aggregate  is  done.  This  method  is 
applicable  more  properly  to  work  of  not  very  great 
size  and  where  construction  operations  will  cover  only 
a  comparatively  short  length  of  time. 

Where  railroad  facilities  and  the  size  of  the  work 
warrant  it,  it  is  advisable  to  provide  storage  for 
cement.  This  may  be  made  more  advisable  on  account 
of  car  shortage  or  the  liability  of  irregular  shipment. 
The  most  commonly  followed  method  where  storage  is 
provided  is  to  unload  the  car  of  bulk  cement  by  means 
of  a  power  shovel.  Shovels  of  the  type  used  in  han- 
dling grain  can  be  used,  but  it  has  been  found  more 
practical  and  efficient  to  use  a  shovel  of  a  scoop  type, 
having  sides  and  back  so  that  the  load  first  taken  is 
retained.  The  flat  shovel  allows  the  cement  to  flow  off 
either  side  and  over  the  top  and  for  this  reason  is  less 
desirable.  The  shovel  should  be  attached  by  cable  to  a 
motor  or  engine  of  from  7  to  10  horsepower.  With  this 
equipment  200  barrels  can  be  unloaded  from  a  car  in 
three  hours.  The  power  shovel  dumps  the  cement 
from  the  car  into  the  boot  of  a  bucket  elevator  which 
in  turn  raises  it,  discharging  into  the  storage  bin. 
This  method  should  be  followed  where  the  floor  of  the 
storage  bin  is  approximately  on  the  level  of  or  above 
the  railroad  track.  If  the  track  level  is  well  above  that 
of  the  storage,  cement  can  be  spouted  from  the  car  by 
gravity  to  storage. 

On  some  work  where  the  mixing  plant  has  been 
located  at  a  greater  or  less  distance  from  the  receiving 
tracks  and  the  main  cement  storage,  bins  have  been 
erected  over  the  mixers  for  stone,  sand  and  cement. 
These  bins  are  so  constructed  as  to  hold  sufficient 
m.-jferial  to  insure  the  continuous  operation  of  the 
mixing  plant.  Where  this  condition  holds  a  belt  con- 
veyor from  the  main  cement  storage  can  be  laid  to  the 
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bins  feeding  the  charging  hoppers  of  the  mixer.  This 
belt  conveyor  can  be  fed  by  means  of  a  screw  conveyor 
running  the  length  of  the  main  cement  storage. 

Successful  use  has  been  made  of  automatic  scales 
placed  beneath  the  three  material  bins  over  the  mixer 
for  the  accurate  proportioning  of  mixes.  The  scales 
can  be  so  set  as  to  permit  of  any  particular  mix  of 
concrete  being  delivered  to  the  charging  hopper. 

The  method  above  outlined,  that  is,  the  use  of  a 
power  shovel  and  bucket  elevator,  is  particularly  ap- 
plicable to  the  average  plant  manufacturing  concrete 
products.  It  is  evident  that  the  construction  of  per- 
manent storage  facilities  in  such  cases  would  be  eco- 
nomical and  efficient. 

Industrial  railways  have  been  used  to  a  considerable 
extent  in  unloading  and  handling  bulk  cement.  In- 
dustrial track  is  laid  parallel  to  the  receiving  siding 
and  industrial  cars  are  loaded  direct  from  the  sand, 
slone  and  bulk  cement  cars  on  the  siding.  In  this  case 
measuring  boxes  are  affixed  to  each  car  of  material,  so 
arranged  that  one  holding  the  proper  amount  of  ma- 
terial for  one  batch  of  concrete  can  be  dumped 
directly  into  the  industrial  car,  which  as  it  travels 
along  receives  all  three  materials  in  proper  propor- 
tions for  one  batch  of  concrete.  Industrial  track  leads 
to  the  mixing  plant  where  the  cars  are  dumped  into 
the  mixing  hopper. 

Bulk  cement  has  been  successfully  used  on  work 
where  the  mixing  plant  was  at  a  considerable  distance 
from  the  receiving  track.  Tight  bottomed  dump 
wagons  have  been  loaded  directly  from  the  car  and 
driven  to  the  work  and  the  cement  dumped  into  boxes 
from  which  it  is  drawn  as  needed.  In  such  cases  meas- 
urement is  effected  by  the  same  means  as  employed 
for  the  coarse  and  fine  aggregates.  The  point  might  be 
raised  that  there  would  be  no  protection  from  damage 
by  water  if  such  a  scheme  were  followed  and  accord- 
ingly attention  is  called  to  the  fact  that  cement  sacks 
do  not  keep  cement  from  getting  wet,  but  rather  tend 
to  absorb  moisture,  thereby  actually  increasing  the 
liability  of  damage  to  cement  by  water. 

As  has  been  previously  mentioned,  before  determin- 
ing the  method  to  be  employed  in  handling  bulk 
cement,  local  conditions  and  facilities  should  be  thor- 
oughly investigated  and  the  nature  of  the  work  given 
due  consideration  so  that  that  scheme  which  is  most 
properly  adapted  to  the  job  can  be  used. 


Change  in  Light   Surface  Treatments 

During  1916  the  disagreeable  features,  from  a 
traffic  standpoint,  connected  with  the  use  of  asphaltic 
oils  for  light  surface  treatments  on  New  York  State 
roads  were  obviated  to  a  considerable  extent  by  a 
slight  change  in  the  specifications  by  which  the 
amount  or  texture  of  the  asphaltic  residue  was  not 
changed,  but  the  character  of  the  flux  was  to  some 
extent  regulated,  in  that  approximately  one-half  of 
the  flux  was  required  to  be  a  light  volatile  oil  which 
would  evaporate  in  about  two  days'  time  after  being 
applied  to  the  pavement. 

This  modification,  according  to  the  annual  report 
of  Fred  W.  Sarr,  Second  Deputy  State  Highway  Com- 
missioner, resulted  in  decreasing  the  length  of  time 
from  one-half  to  three-quarters,  during  which  the 
condition  of  the  pavement  after  treatment  was  ob- 
jectionable from  a  traffic  standpoint  and  increased 
the  cost  of  the  application  about  $25  per  mile. 


Tests  of  Concrete  Road  Aggregates 

Interesting  conclusions  on  the  wear  and  strength 
of  concrete  road  surfaces  were  given  by  Mi-.  J.  P. 
Nash  in  a  paper  presented  at  the  last  annual  meet- 
ing of  the  American  Society  of  Testing  Materials. 
The  conclusions  are  based  on  the  results  of  tests  of 
concrete  made  for  the  purpose  of  determining  the  re- 
sistance to  abrasion  and  the  tensile  strength  with 
various  aggregates.  An  abstract  of  the  paper  fol- 
lows: 

In  the  tests  the  chief  variable  was  the  coarse  ag- 
gregate. The  sand  used  in  most  of  the  tests  was  a 
well-graded  Colorado  River  sand,  passing  a  y4-in. 
sieve.  However,  where  the  coarse  aggregate  was 
graded  to  ^s  in.  a  finer  sand  was  used.  The  Colorado 
River  sand  is  composed  of  rather  angular  fragments 
of  flint,  quartz,  and  a  small  proportion  of  limestone. 
With  the  exception  of  a  slag  from  Birmingham,  Ala., 
and  a  sample  of  gravel  from  New  Orleans,  all  the 
materials  used  were  from  Texas.  Similar  materials 
may  be  found  in  most  parts  of  the  United  States. 

The  test  specimens  to  determine  resistance  to  wear 
consisted  of  concrete  rings,  which  were  revolved  in 
a  standard  brick  rattler,  the  loss  in  weight  and  ap- 
pearance of  the  surface  of  the  specimens  being  the 
index  of  the  wearing  qualities  of  the  aggregate.  An 
apparatus  was  devised  to  test  the  concrete  in  tension. 

The  compression  specimens  were  6  in.  in  diameter 
and  12  in.  high,  made  on  plate  glass  so  that  a  plain 
surface  was  secured  on  one  end,  the  other  being  bed- 
ded in  plaster  of  Paris  when  tested. 

The  tension  specimens  were  similar  in  shape  to  the 
standard  cement  briquettes,  having  a  section  area  at 
the  center  of  25  sq.  in.  The  specimen  was  5  in.  deep 
and  at  the  narrowest  part  was  5  in.  wide,  while  the 
length  was  12  in. 

The  abrasion  specimens  consisted  of  a  large  con- 
crete ring  20  in.  in  inside  diameter,  28  in.  in  outside 
diameter,  and  8  in.  deep.  The  4-in.  thickness  of  con- 
crete was  reinforced  with  two  steel  rods  to  prevent 
cracking  from  unequal  stresses  in  the  rattler. 
Results  of  Tests. 

The  Gravel  Aggregate. — The  surface  of  most  of  the 
gravel  concrete  specimens  was  rough.  Gravel  speci- 
mens, containing  pebbles  of  varying  hardness,  pro- 
duced a  surface  in  which  the  hard  flints  wore  but 
little,  while  the  softer  limestones  wore  equally  with 
the  mortar.  In  many  cases  these  flints  protruded  as 
much  as  V2  in.  above  the  surrounding  surface.  Other 
gravels,  composed  of  pebbles  of  equal  hardness,  were 
so  much  harder  than  the  surrounding  mortar  that 
the  latter  wore  much  faster  than  the  stones,  causing 
a  somewhat  uniform,  but  extremely  rough,  surface. 
The  hard  stones  were  knocked  out,  causing  more  than 
normal  pitting  and  loss  in  the  specimen.  An  excep- 
tion to  the  general  run  of  the  gravels  was  one  com- 
posed of  limestone  and  sandstone  pebbles  only,  which 
have  approximately  the  same-  hardness.  In  this  case 
the  pebbles  themselves  were  but  little,  if  any,  harder 
than  the  mortar,  and  consequently  the  specimen  wore 
surprisingly  uniformly.  In  this  particular  instance, 
it  should  be  noted  that  the  gravel  contained  no  peb- 
bles over  114  in.  in  size,  which  undoubtedly  influenced 
the  satisfactory  conditions  of  the  surface. 

Crushed  Stone  Aggregates. — Where  crushed  lime- 
stone was  used  as  the  coarse  aggregate,  the  surface 
as  a  rule  was  smooth  and  uniform.  The  limestones 
tested  were  all  comparatively  soft  and  they  wore 
equally  with   the   mortar.     In   specimens   where  the 
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aggregate  contained  some  large  stones  the  surface 
became  somewhat  wavy,  due  to  the  fact  that  the 
larger  stones  did  not  wear  as  fast  as  the  smaller 
ones.  In  those  specimens  in  which  the  aggregate  was 
below  IV's  in.  in  size,  the  surfaces  were  very  satis- 
factory. In  one  or  two  of  the  specimens  that  con- 
tained some  very  soft  stones,  there  was  a  tendency 
tor  these  stones  to  be  pitted.  This,  however,  does  not 
seem  to  be  any  serious  disadvantage. 

With  the  crushed  trap-rock  specimens  the  results 
were  interesting.  The  stone  is  a  basalt  having  high 
resistance  to  abrasion  in  the  Deval  machine,  and  very 
tough.  Trap  rock  from  the  same  quarry  was  used  in 
all  the  tests.  In  the  1:2:4  concrete  specimens,  the 
mortar  wore  faster  than  the  stone,  giving  the  sur- 
face a  distinctly  mosaic  appearance.  This  was  more 
noticeable  with  the  larger-sized  aggregates. 

In  the  l:li'2:3  concrete  specimens,  the  mosaic  ap- 
pearance of  the  surface  was  still  apparent  with  the 
larger-size  aggregate;  but  with  that  graded  only  to 
1  in.  the  surface  was  very  satisfactoiy,  having  but 
few  protruding  stones.  This  latter  specimen  also  had 
a  high  resistance  to  abrasion. 

The  specimen  in  which  slag  was  used  for  the  coarse 
aggregate  had  a  rather  high  resistance  to  abrasion 
and  a  fairly  uniform  surface.  It  is  believed  that  if 
this  aggregate  was  limited  in  size  to  about  l\i  in. 
the  surface  would  be  very  smooth.  The  surface  ap- 
peared rather  porous  when  enough  of  the  slag  frag- 
ments had  been  worn  away  to  expose  their  interior. 
From  this  apparent  porosity  of  the  specimen,  it  would 
seem  that  it  should  make  a  satisfactory  surface  for 
a  treatment  of  asphalt  or  tar. 

Tension  Tests. — From  the  results  obtained  it  is  ap- 
parent that  no  relation  exists  between  the  compres- 
sive and  tensile  strengths  of  any  given  concrete. 
When  the  limestone  concrete  fails  in  tension  prac- 
tically all  of  the  stones  are  broken,  but  with  gravel 
there  are  always  quite  a  number  of  stones  that  are 
pulled  out  rather  than  broken.  The  number  broken 
depends  upon  the  smoothness  of  the  stones,  but  even 
with  the  very  smooth  stones  a  good  proportion  of 
them  break. 

It  is  preferable  that  the  tensile  strength  of  con- 
crete for  road  construction  shall  be  obtained  by  using 
superior  aggregates  rather  than  additional  cement,  be- 
cause the  contraction  due  to  setting  of  the  concrete 
increases  with  the  amount  of  cement,  which  tends  to 
nullify  the  extra  strength  obtained. 

Comparison  of  Field  and  Laboratory  Concrete. 

There  is  a  great  similarity  between  the  results  ob- 
tained in  the  laboratory  and  those  shown  in  actual 
construction.  A  portion  of  San  Pedro  Ave.  in  San 
Antonio,  Tex.,  was  constructed  about  4  years  ago  of  a 
concrete  composed  of  1  part  of  cement,  2  parts  of  a 
medium  fine  sand,  and  4  parts  of  a  soft  local  lime- 
stone. This  street  carries  a  fairly  heavy  traffic  and 
is  in  excellent  condition  today,  being  smooth  and  free 
from  depressions.  While  this  is  a  poorer  concrete 
than  any  of  those  tested,  the  appearance  of  the  sur- 
face is  practically  the  same  as  that  of  the  surface  of 
the  limestone  specimens.  The  surface  of  this  street 
would  seem  to  indicate  that  when  a  soft  stone  is  used, 
the  mortar  also  should  be  weak  so  that  both  should 
wear  equally. 

On  N.  Laredo  St.,  in  the  same  city,  a  traprock  con- 
crete ha.s  been  in  use  for  something  less  than  2  years. 
The  proportion  of  the  concrete  was  1:2:4,  the  stone 
being  the  same  trap  rock  as  that  used  in  the  labora- 
tory tests,  except  that  it  was  graded  from  %  in.  to  2 
in.     The  condition  of  the  surface  of  the  street,  how- 


ever, brings  out  the  similarity  of  the  wear  with  that 
of  the  laboratory  sp-jcimens.  The  mortar  is  wearing 
rapidly  away  from  the  stones,  leaving  them  protrud- 
ing from  the  surface.  The  large  size  stone  used  aided 
this  result  considerably,  it  is  believed. 
Conclusions. 
The  conclusions  drawn  from  these  tests  are  as  fol- 
lows: 

1.  The  uniformity  of  wear  is  obtained  when  the 
mortar  and  the  coarse  aggregate  wear  equally,  such 
as  when  crushed  limestone  or  limestone  gravel  is 
used. 

2.  The  coarse  aggregate  should  be  limited  in  size 
to  about   IV2  in. 

3.  When  hard,  tough  stone  is  used,  the  size  should 
be  limited  to  about  1  in.  and  the  cement  content  in- 
creased. 

4.  It  is  questionable  if  a  richer  mix  than  a  1:2:4  is 
an  economical  one  to  use  with  crushed  limestone  of 
the  ordinary  hardness.  Crushed  slag  when  hard  and 
uniform  should  be  satisfactory  as  a  concrete  road  ag- 
gregate. 

5.  In  a  1:2:4  concrete,  a  gravel  composed  of  very 
hard  stones  such  a  flint,  or  quartz,  does  not  wear  uni- 
formly. 

6.  The  action  of  the  cubical  shot  on  the  test  speci- 
mens is  a  trifle  more  severe  than  the  traffic  on  the 
road. 

7.  It  cannot  be  said  that  either  the  crushed  stone 
or  gravel  tested  is  superior  as  an  aggregate  to  pro- 
duce concrete  having  a  higher  tensile  strength. 


Traffic  Manager  for  County  Highway 
Department 

All  matters  pertaining  to  shipments  and  account- 
ing of  freight  and  cement  for  county  road  work  in 
Milwaukee  County,  Wisconsin,  is  handled  by  a  special 
official  of  the  County  Highway  Department  known  as 
the  traffic  manager. 

In  addition  to  the  handling  of  freight  on  con- 
tract jobs,  the  traffic  manager  looks  after  the  spotting 
of  cars  for  the  force  account  work.  He  also  keeps 
daily  accounts  of  cement  delivered  on  each  job,  empty 
bags  returned,  payments  due  cement  dealers  and  bag 
credits  received  from  cement  dealers,  together  with 
the  testing  records  for  all  cement  used. 

The  county  is  allowed  a  special  freight  rate  on  all 
sand  and  gravel  used  in  the  construction  of  State-aid 
highways.  Last  year  the  difference  between  the 
special  rate  and  the  regular  tariff  rate  amounted  to 
$1,176.  In  order  to  obtain  the  special  rate,  it  is  neces- 
sary for  the  contractor  to  make  application  for  the 
same  to  the  County  Highway  Commissioner,  giving  the 
name  of  the  shipper,  point  of  origin,  destination,  rail- 
road over  which  the  material  is  to  move,  approximate 
tonnage  and  the  name  of  the  highway  on  which  the 
material  is  to  be  used.  The  application  is  then  sent  to 
the  State  Highway  Commission,  who,  in  turn,  apply 
to  the  railroad  which  is  to  haul  the  material.  This 
necessitates  the  shipping  of  all  material  in  the  name 
of  the  County  Highway  Commissioner,  who  pays  all 
freight  and  deducts  the  same  from  the  contractor's 
payments. 

During  the  past  year  the  highway  department  han- 
dled 1,018  cars  of  sand  and  gravel,  3  cars  of  tar  and 
437  cars  of  cement,  together  with  one  car  of  machin- 
ery, making  a  total  of  1,459  cars  of  material,  of  which 
14  cars  of  sand  and  gravel  were  reconsigned  and  8 
cars  of  sand  and  gravel  rejected. 
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Mechanical  Means  for  Safeguard- 
ing Grade  Crossings 

In  connection  with  its  investigation  of  railroad 
grade  crossings  the  California  Railroad  Commission 
has  considered  various  methods  of  protecting  the 
crossings  by  compelling  slow  speed  by  means  of  phys- 
ical obstacles  placed  in  the  way  of  vehicles.  Several 
different  plans  of  this  sort  were  suggested  to  the 
commission,  and  six  of  the  best  of  them,  revised  to 
a  certain  extent,  were  sent  to  railroads,  cities  and 
counties  for  criticisms  and  suggestions,  with  the  re- 
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Fici.    1 — Safety    Grade    Crossing     Based    on    Sketch    Submitted    by 
Division    Engineer,    Southern    Pacific    Co. 

quest  that  experimental  installations' be  made.  The 
six  best  designs  are  described  in  a  recent  progress  re 
port  of  the  commission,  from  which  this  note  is  taken. 
The  plans  that  met  with  almost  universal  approval 
are  illustrated  as  Figs.  1  and  2.  The  design  shown  in 
Fig.  1  is  based  on  a  sketch  submitted  by  the  Division 
Engineer's  Office  of  the  Coast  Division  of  the  South- 
ern Pacific  Co.  This  plan  forms  an  obstacle  in  the 
roadway  so  very  slight  that  it  hardly  can  be  called 
an  obstruction  to  traffic.     The  principal  advantage  is 


Safety    Device   Used    at    Memphis,   Tenr 


in  the  fact  that  it  locates  the  warning  signal  in  the 
position  in  which  it  can  best  be  seen. 

The  plan  shown  in  Fig.  2  is  now  in  use  in  the  city 
of  Memphis,  Tenn.  The  City  Engineer  reports  that 
the  installation  of  the  device  has  resulted  in  a  dimi- 
nution of  the  number  of  grade  crossing  accidents  in 
that  city. 

Probably  the  best  type  of  safety  crossing  so  far  de- 
signed is  a  combination  of  the  devices  Figs.  1  and  2, 
which  was  suggested  by  City  Engineer  M.  M. 
O'Shaughnessy  of  San   Francisco.     On   his  plan  the 


profile  of  the  road  is  slightly  broken  about  400  ft. 
from  the  crossing  and  on  both  sides  of  it;  25  ft.  be- 
yond this  break,  toward  the  crossing,  an  approach 
warning  sign  is  located  on  the  right-hand  side  of  the 
road,  looking  toward  the  track;  about  50  ft.  from 
the  crossing  the  flagman  device  and  the  crossing  sign 
shown  in  Fig.  1  are  placed  in  the  center  of  the  road 
and  the  road  is  widened  to  provide  for  the  guard 
fence  which  surrounds  them;  immediately  beyond  the 
fence  is  an  accentuated  break  in  the  road  profile,  as 
shown  in  Fig.  2. 


Road  Sign  with  Counter  Sunken  Letters 

A  road  sign  having  a  number  of  useful  features  is 
illustrated  below.  The  name-plate  is  made  of  heavy 
galvanized  iron.  The  symbols  are  countersunk  so  as 
to  give  all  possible  protection  to  preserve  the  face  of 
the  letters  from  climatic  conditions  or  defacement  by 
stones  or  shooting.  The  letters  are  faced  with  alu- 
minum over  a  well  prepared  and  properly  treated 
base  coat.     The  face  of  the  plate  is  covered  with  a 


Union   Iron   Products  Co.'s  Road  Sign. 

high  grade  black  iron  elastic  paint  over  a  special 
base.  Either  tube  or  angle  iron  posts  are  furnished, 
i'he  posts  and  brackets  are  either  galvanized  or 
treated  with  a  special  elastic  gray  iron  paint,  after 
having  been  pickeled  for  the  purpose,  and  finished 
coat  heat  treated,  but  not  baked.  The  road  sign  is 
manufactured  by  the  Union  Iron  Products  Co.,  East 
Chicago,  Ind. 


'  Protecting  Asphalt  from  Oil  Drippings 

A  sprinkling  of  sand  about  2  ft.  wide  and  %  in. 
thick  is  used  on  asphalt  pavements  in  New  York  City 
to  absorb  oil    and    gasoline    that    drips  from  motor 
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vehicles  standing  at  the  curb  or  parked  in  the  center 
of  the  street. 

Street  sweepers  keep  the  edges  of  the  sanded  area 
neatly  lined.     Fresh  sand  is  applied  each  morning. 


The    Martin 


Rebuilding  Old   Macadam   Pavement    at 
Rate  of  1  Mile  Per  Day 

An  economical  method  of  remaking  badly  worn 
macadam  pavement  was  employed  this  spring  by  the 
village  of  Seymour,  Wis.  The  old  macadam  was  scari- 
fied, dressed  back,  leveled  and  then  rolled.  The  work 
was  done  with  a  Russell  combination  scarifier  and 
road  machine  hauled  by  a  30  H.  P.  tractor.  In  carry- 
ing out  the  improvement  12  rounds  were  made  with 
the  tractor  and  machine.  Of  this,  four  rounds  were  for 
scarifying,  four  rounds  for  dressing  back  and  four  for 
leveling  and  rolling,  the  tractor  serving  as  the  roller. 
The  labor  employed  consisted  of  three  men.  One  mile 
of  street  was  improved  per  day. 

The  road  machine  used  on  the  Seymour  work  is 
easily  and  quickly  converted  into  a  scarifier.  In  scari- 
fying, if  the  old  road  is  very  hard,  only  three  middle 
teeth  are  used.  On  most  roads,  however,  the  machine 
will  operate  with  the  full  complement  of  teeth.  This 
method  of  road  improvement  is   used  extensively  in 


Road     Grader 
Ditcher 


and     Farm 


An  economically  operated  road  grader  that  is  com- 
ing into  extended  use  in  the  South  is  illustrated.     It 


The   Martin    Road    Grader. 

is  claimed  for  this  machine  that  under  the  most  ex- 
treme  conditions    it   never   requires   more   than   four 


Remaking     Old     [Vlacadam     Pavement     With     Combination     Road    Machine    and    Scarifier. 


Georgia,  where  a  large  number  of  the  Russell  Mogul 
combination  scarifier-road  machines  are  in  use. 


Curing  Concrete  Pavements   by   Coating 
with  Asphalt 

The  following  method  of  curing  concrete  pavements 
is  employed  by  Oliver  R.  Moll,  of  Redwood,  Cal.:  After 
pouring  the  concrete  and  as  soon  as  it  has  set  hard 
enough  to  permit  an  asphalt  kettle  or  tank  to  be 
hauled  over  it,  spray  uniformly  with  hot  asphalt.  The 
object  of  this  coating  is  to  prevent  evaporation  of  the 
moisture  still  in  the  concrete  and  to  cause  capillary 
attraction. 

For  pavements  such  as  are  used  in  California, 
where  a  %-in.  carpet  of  asphalt  and  screenings  is 
specified,  the  paint  coat  should  be  heavier  and  screen- 
ings applied  immediately. 


horses  and  two  men  for  operation.  The  grader,  with 
the  exception  of  two  minor  parts,  is  made  entirely  of 
steel.  The  machine  can  be  used  for  road  dragging  by 
replacing  the  cutting  blade  with  a  drag  blade.  And 
it  also  can  be  employed  to  advantage  in  digging  or 
cleaning  out  drainage  ditches  on  farms.  The  cutting 
blade  on  the  grader  shown  in  the  illustration  is  5  ft. 
long.  The  grader  is  manufactured  by  the  Owensboro 
Ditcher  &  Grader  Co.,  of  Owensboro,  Ky. 
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Industrial  Notes 

The  Sullivan  Machinery  Co.  has  removed  its  San  Franci.sco 
office  from  the  Sheldon  building,  461  Market  srtreet,  to  the  Hobart 
building,  582  Market  street.  Ray  P.  McGrath  is  manager  at  San 
Francisco. 

The  Ingersoll-Rand  Co.  announces  that  at  a  meeting  of  the 
board  of  directors  of  the  com.pany.  July  2."v,  J.  H.  Jowett,  for- 
merly general  sales  manager,  was  elected  vice-president  of  the 
company,  and  L..  D.  Albin,  formerly  assistant  general  sales  man- 
ager, was  appointed  general  sales  manager.  Mr.  Jowett  and  Mr. 
Albin  will  continue  to  make  the  company's  New  York  offlce,  at 
n  Broadway,  their  headquarters. 
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The  Deadlock  Over  Pipe  Specifi- 
cations as  an  Example  of  How 
Not  to  Solve  an  Engi- 
neering Problem 

A  committee  of  the  American  Waterworks  Associa- 
tion, consisting  of  four  hydraulic  engineers  and  two 
representatives  of  cast-iron  pipe  manufacturers,  has 
i.ecome  deadlocked  over  certain  proposed  changes  in 
standard  specifications  as  to  cast-iron  pipe.  This 
deadlock  is  so  typical  of  similar  disagreements,  and 
relates  to  such  an  important  matter,  that  it  merits 
the  consideration  of  all  our  readers. 

The  salient  point  upon  which  the  manufacturers 
differ  from  the  four  engineers  of  this  committee  is 
the  matter  of  changing  the  present  standards  as  to 
the  external  diameters  of  pipe.  It  is  contended  by 
the  four  engineers  that  "a  uniform  outside  diameter 
for  the  several  classes  of  pipe  for  each  nominal  in- 
side diameter  is  ideal."  The  reason  for  calling  it 
"ideal"  is  that  each  different  weight  of  pipe  will 
couple  with  standard  fittings.  Up  to  the  present 
this  "ideal"  has  been  attained  only  for  pipe  of  12- 
in.  diameter  and  for  smaller  sizes.  Now  the  four 
engineers  of  the  committee-  urge  this  "ideal"  for 
larger  sizes,  while  the  manufacturers  urge  the  reten- 
tion of  the  present  limitation  of  the  "ideal." 

The  question  involved  is  obviously  an  ecomonic 
question,  yet  we  have  the  curious  spectacle  of  four 
eminent  engineers  insisting  on  a  change  of  stand- 
ards without  supporting  their  contention  by  any  es- 
timates of  the  saving  to  water  works  plants  conse- 
quent upon  the  change.  Instead,  they  demand  that 
the  manufacturers  shall  produce  estimates  of  the 
cost  of  making  the  change,  and  then,  presumably,  the 
four  engineers  will  undertake  to  give  proper  consid- 
eration to  such  cost. 

One  manufacturer  says  that  it  would  cost  fully  a 
million  dollars  to  change  the  manufacturing  equip- 
ment of  all  the  plants  to  meet  the  requirements  of 
the  proposed  new  specifications  as  to  size  of  pipe. 
Another  manufacturer  adds  that  it  is  impractical  to 
estimate  this  cost  under  present  conditions;  and,  fur- 
ther, that  this  is  not  the  only  element  of  cost,  for 
the  proposed  new  size  would  increase  the  manual 
labor  and  decrease  the  machine  operations  in  pipe 
manufacture. 

Now,  while  the  four  engineers  of  the  committee 
are  justified  in  asking  for  estimates  of  increased 
cost  incident  to  effecting  the  proposed  change  in  pipe 
sizes,  they  seem  to  be  oblivious  to  the  fact  that  they 
should  have  entered  the  court  of  engineering  opinion 


"with  clean  hands";  that  is  to  say,  with  careful  es- 
timate of  the  annual  saving  in  cost  that  will  follow 
the  proposed  change.  They  assert  that  it  seems  to 
them  that  the  increased  costs  would  be  nominal. 
With  equal  propriety  might  the  manufacturers  re- 
ply that  it  seems  to  them  that  the  savings  from  the 
proposed  new  standardization  would  also  be  nomi- 
nal. 

One  manufacturer  at  least  has  furnished  an  esti- 
mate of  cost  that  is  not  a  nominal  amount  ($1,000,- 
000),  and  has  pertinently  asked  who  is  going  to 
guarantee  that  this  sum  will  be  paid  back  to  the 
manufacturers.  Surely  if  there  are  to  be  savings 
in  excess  of,  say,  $1,000,000,  there  should  be  some 
assurance  that  out  of  those  savings  the  manufactur- 
ers will  be  recouped.  But  no  engineer  rises  to 
prove  either  that  the  savings  will  exceed  $1,000,- 
000  or  any  other  sum,  or  to  show  how  the  manufac- 
turers are  to  be  recompensed  for  their  additional 
cost.  It  is  just  such  failure  to  approach  an  economic 
problem  in  a  practical  and  complete  fashion  that  has 
resulted  so  often  in  the  charge  that  "engineers  are 
pure  theorists."  And  it  is  high  time  that  engineers 
take  vigorous  steps  to  make  this  accusation  futile  by 
invariably  being  prepared  to  show  both  the  costs 
and  the  profits  resultant  from  any  proposed  project. 

We  doubt  not  that  when  the  four  engineers  of 
this  pipe  committee  come  into  a  conference  with  a 
careful  estimate  of  the  saving  or  profits  to  be  an- 
nually derived  from  the  proposed  change  in  pipe 
sizes,  the  pipe  manufacturers  will  be  willing  to  meet 
them  with  estimates  of  the  costs  of  making  the 
changes.  It  may  then  transpire  that  the  costs  will 
exceed  the  profits  in  which  case  the  "deadlock"  will 
automatically  come  to  an  end.  If  the  profits  exceed 
the  costs,  then  there  will  remain  only  one  question  to 
be  settled:  How  will  those  profits  be  applied  so 
as  to  recoup  the  costs  to  the  manufacturers? 


A  Waterways  Commission  Bill  that 
Reminds  Us  of  a  Cuban  Army 

A  bill  has  passed  the  House  and  is  now  before  the 
Senate  providing  for  a  Waterways  Commission  of 
seven  members,  at  annual  salaries  of  $7,500  each. 
One  of  the  members  must  be  an  active  or  a  retired 
officer  of  the  Engineer  Corps  of  the  army;  another 
member  must  be  "an  expert  hydraulic  engineer  from 
civil  life."  As  for  the  five  remaining  members  noth- 
ing is  said  as  to  qualifications.  Presumably  they  are 
to  be  politicians. 

Probably  the  (engineering  profession  should  re- 
joice at  being  represented  at  all  on  any  commission 
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that  is  to  study  engineering  problems,  for  only  a  few 
years  ago  it  was  the  almost  universal  custom  not  to 
put  engineers  on  such  commissfons.  Times  do  im- 
prove. Yet  an  engineer  can  scarcely  refrain  from 
asking  why  this  waterways  commission  need  consist 
of  more  than  three  men  at  the  most. 

The  proposed  commission  is  to  study  waterways, 
waterpower,  irrigation  and  drainage  problems  in 
America  and  report  to  Congress  a  plan  for  the  gen- 
eral development  of  hydraulic  resources — in  fact,  all 
resources  dependent  on  the  utilization  of  water.  An 
initial  appropriation  of  only  $100,000  is  provided,  the 
smallness  of  which  serves  to  emphasize  the  desira- 
bility of  reducing  the  number  of  the  commission  from 
seven  to  three,  or  even  to  one. 

This  is  a  bill  of  the  sort  that  civil  engineers, 
through  their  societies,  should  assist  in  framing.  The 
plan  of  making  a  general  survey  of  our  hydraulic 
resources  is  commendable,  but  who  is  so  competent 
to  pass  upon  details  of  a  bill  of  this  sort  as  are  civil 
engineers?  We  believe  that  among  engineers  experi- 
enced in  the  execution  of  the  provisions  of  such  a 
bill  there  would  be  practical  unanimity  on  two 
things:  First,  that  a  commission  of  one  engineer  is 
preferable  to  a  commission  of  seven  men  only  two  of 
whom  are  engineers.  Second,  that  if  only  $100,000 
is  to  be  appropriated  to  start  with,  the  work  of  the 
commission  should  be  limited  to  some  one  branch 
of  hydraulic  problems,  such,  for  example,  as  water- 
power  resources. 

A  bill  that  provides  for  a  commission  so  large  that 
half  the  first  appropriation  is  eaten  up  by  the  sal- 
aries of  the  members  would  be  on  a  parity  with  a 
railway  company  appropriation  of  $100,000  for  a 
railway  survey,  of  which  $50,000  would  go  to  seven 
chiefs  of  party.  The  creatures  of  this  bill  remind 
us  of  a  Cuban  army — more  generals  than  privates, 
and  slender  commissary  for  all. 


We  hope  to  see  the  deans  of  all  our  engineering 
colleges  adopt  publicity  methods  that  will  result  in 
marked  gains  in  the  engineering  attendance  this 
coming  year.  Now  is  the  time  to  act,  not  only  through 
the  daily  press  but  by  advertisements  and  articles  in 
the  magazines. 


Only  11,621  Civil  Engineers  Grad- 
uated in  22  Years 

In  another  editorial  article  will  be  found  data 
showing  the  number  of  engineering  students  in  1916 
and  the  total  number  graduated  in  the  last  22  years. 
From  these  statistics  we  find  that  of  the  35,777  engi- 
neers graduated  in  1895  to  1916  inclusive,  nearly  a 
third,  or  11,621,  are  civil  engineers.  Proportionate 
to  the  other  classes  of  engineers  this  is  a  large  num- 
ber, but  it  is  discouragingly  and  astonishingly  small 
when  rated  against  a  total  population  of  more  than 
100,000,000  people,  being  scarcely  more  than  1  in 
10,000. 

A  more  encouraging  fact  is  that  of  the  33,106 
students  in  engineering  in  1916  there  were  7,251  in 
civil  engineering  courses.  This  would  indicate  that 
about  1,800  would  graduate  in  1916,  if  the  four 
classes  were  equal  in  numbers;  but,  as  is  well 
known,  there  is  a  weeding  out  of  students  after  the 
freshman  year,  which  is  often  very  pronounced.  In 
1916  there  were  1,236  civil  engineering  graduates. 

Prof.  C.  R.  Richards,  Dean  of  the  College  of  En- 
gineering of  the  University  of  Illinois,  has  begun  a 
publicity  campaign  to  increase  the  entrance  classes 
in  the  university,  stating  that  "it  is  important  that 
the  youth  of  the  country  realize  the  need  of  the  na- 
tion for  men  having  adequate  training  in  technical 
work."     He  says: 

The  war  in  Europe  has  been  a  war  of  engineers  and  of  the 
product  of  engineers,  and  every  effort  has  been  made  by  the 
European   powers   to   conserve   and   increase   the   supply   of   men 


Should  Managers  of  Technical  Men 

Require  Them  to  Read  and  Study 

an  Hour  Daily? 

We  are  led  to  ask  this  question  because  of  two 
facts  known  to  us  that  are  known  to  relatively  few 
people:  First,  that  in  spite  of  their  training  engi- 
neers and  other  technical  men  are  only  slightly  more 
given  to  systematic  reading  than  are  other  intelli- 
gent men.  Second,  that  the  world's  progress  in 
scientific  and  economic  knowledge  is  so  rapid,  and 
the  amount  of  new  information  so  vast,  that  no  tech- 
nical man  can  keep  even  approximately  up  to  date 
unless  he  studies  systematically  and  considerably. 

As  editors  we  are  compelled  to  read  carefully  a 
great  deal  and  to  scan  a  vast  deal  more.  As  authors 
of  engineering  books  we  necessarily  review  and  ab- 
stract engineering  literature  for  20  years  or  more 
back.  As  professional  men  going  among  professional 
men  we  see  what  many  engineers  and  superintend- 
ents are  doing  and  are  not  doing.  Of  their  sins  of 
omission  none  is  more  startling  than  the  prevalent 
failure  to  read  and  digest  and  compare  currently  pub- 
lished technical  data. 

Some  men  excuse  their  failure  to  study  on  the 
ground  that  "grinds"  never  advance,  anyway.  Others, 
on  the  ground  that  they  can  not  possibly  remember 
everything  new,  and  may  as  well  defer  study  until 
a  specific  problem  entails  it.  Still  others  aver  that 
they  have  mastered  the  "general  principles"  of  their 
profession  or  business  and  know  where  to  search  for 
the  details  when  needed,  so  that  continuous  study 
is  no  longer  essential. 

There  are,  of  course,  many  other  excuses,  but  not 
one  that  we  have  yet  heard  will  bear  analysis.  A 
hydraulic  engineer  of  15  years'  experience  said  to 
the  editor  that  he  had  ceased  reading  all  engineer- 
ing periodicals,  for  they  merely  retold  facts  that  he 
already  knew.  Yet  this  man  had  designed  and  built 
several  filters  to  remove  fresh  water  algae  when  the 
desired  result  could  have  been  accomplished  at  far 
less  cost  by  treating  the  reservoirs  with  copper  sul- 
phate. This  was  10  years  ago  when  the  copper  sul- 
phate treatment  was  comparatively  new,  but  had  this 
hydraulic  engineer  been  a  reader  of  the  periodicals 
that  he  criticised,  he  would  have  learned  of  the  new 
process. 

Today  there  are  a  lot  of  self-satisfied  men  just  like 
the  man  above  referred  to,  who  through  failure  to 
read  have  quite  as  little  knowledge  of  the  economic 
efficacy  of  liquid  chlorine  treatment  for  typhoid  as 
this  man  had  of  copper  sulphate  treatment  for  algae. 

We  raise  the  question  whether  it  will  not  be  ad- 
visable for  every  employer  or  manager  of  technical 
men  to  require  them  to  read  and  study,  say,  an  aver- 
age of  six  solid  hours  weekly.  It  is  our  opinion  that 
such  a  procedure  would  repay  the  employer  richly, 
even  if  the  entire  six  hours  of  study  were  at  the  em- 
ployer's expense. 

For  example,  in  the  various  departments  of  a  city 
the  engineers  and, superintendents  of  technical  work, 
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such  as  water  works  and  street  cleaning  superintend-  is  at  present  a  pretty  sorry  substitute  for  a  real 
ents,  might  be  required  to  meet  in  a  study  room  one  treatise  on  the  art  and  science  of  thinking.  We  mean 
hour  a  day.  A  course  of  technical  reading  should  that  engineers  should  read  some  good  book  on  logic 
be  outlined  for  them  to  begin  with,  but  they  should  carefully,  and  then  re-read  it  critically,  and  later  on 
be  given  considerable  freedom  of  personal  choice,  proceed  to  make  notes  of  their  own  on  methods  of 
Memoranda  should  be  made  of  usable  facts  dlscov-  thinking,  on  fallacies,  on  the  use  of  language  as  a 
ered  through  such  study,  and  these  memoranda  reasoning  tool,  etc.  There  is  no  royal  road  to  a 
should  be  periodically  reviewed  in  order  to  charge  knowledge  of  logic.  The  attainment  of  greater  and 
the  memory  with  facts.  more  accurate  reasoning  ability  occurs  to  some  de- 
One  of  the  grand  mistakes  of  our  modern  educa-  gree  as  a  by-product  of  one's  everyday  work;  but,  if 
tors  has  been  the  iteration  and  reiteration  that  how  it  is  to  be  attained  in  high  degree,  the  reasoner  must 
to  think  is  far  more  important  than  "cramming  the  direct  his  attention  to  the  methods  of  reasoning. 

memory  with  facts."    We  reserve  for  a  later  editorial  

a  discussion   of  this  mistake.     Thinking  is   impossi-  P— ^-^          i4   17                 4-'              f  V     A' 

ble  without  memorized  facts,  and  the  better  thinker  i  rOpOSea  E/XemptlOIl   Ol  ll,ngineer- 

is   usually  the   man   who   has   the   greatest   store   of  illd  StudciltS  frOHl  ArUiy  Draft  . 
usable  facts   in   his  mind  and   in  printed  or  written 

storage  reservoirs  to  which  his  memory  directs  him.  Under   authorization    of   Secretary   of   War   Baker, 

In  his  recent  address  at  the  presentation  of  the  Fritz  ^^-    ^-    ^-   Claxton,    United   States   Commissioner   of 

Medal  to  Prof.  Elihu  Thomson,  Mr.  E.  W.  Rice,  Jr.,  Education,  has   addressed  a  letter  to  the  presidents 

ga^j(j.  of  engineering  and  technical  schools  urging  them  to 

hJ  seems  to  possess  an  almost  intuitive  insight  into  nature  s^ek    exemption    of    engineering    students    from    war 

and   her  ways,    probably  because   of   the  quiclsness  and   accuracy  service.      This   letter  not  Only  gives   COgent  reason   for 

of    hii-    perceptions,    combined    with    the    most    remarkable    depth  ,                    i-           i      i      i                  i     j_                      .    •       i                ii 

and    ranse    of   liis    scientific    knowledge,    all   helped    by   a   marvel-  SUCh   exemption,   but   showS  what  a  Surprisingly  Small 

ousiy  retentive  memory.  number  of  engineers    (35,777)    have  been  graduated 

You  that  have  been  taught  to  decry  the  memoriz-  th^  j^st  22  years.     The  letter  follows : 

ing    of    usable    facts    may   well    begin    to    question    how  ^he   successful    prosecution   of    the   war   depends    in   large   de- 

SOUnd    were    the    theories    of    those    that    taught    you;  gree    on    the    services    of    scientific    and    technical    experts.      It    is 

and   you   may   well   ponder  the   fact  that  the   president  of    the    utmost    importance    that    the    supply    of    men    who    have 

of    one    of    the    greatest    manufacturing    companies    in  ^""^  advanced  technical  training  should  not  be  cut  oft  more  than 

,,                 1  1       i,        ^               1    T-ii      i    ■       /-i          ii                      ,        .  is   necessary.     In  view  of  this  fact   the  war  department    believes 

the   world— the    General   Electric    Co.— thus    speaks   in  .^at   .students   in   technical   schools   and   colleges   who   are   within 

eulogy    of    Prof.    Thomson's    "remarkable    knowledge"  the  age  limits  of  the  selective  draft  should  be  treated  in  the  sama 

and    "marvelously    retentive    memory."  manner  as   the  workers   in   the   industries  which   are   devoted   to 

the  manufacture  of  war  materials.     Under  this  ruling  the  presi- 

dents   of    colleges   and    technical    schools   may   properly    urge    the 

l^ollinrt     o    T'Kinri    "Trlool"    T^z-kCkC     "\I<-k+  district    exemption    boards    to    exempt    students    in    their    institu- 
mailing     a     l  ning       laeai       UOGS     lyOl  ^.^^^^    ^.i,^    ^i^.^    promise    of    special    aptitude    for    the    technical 
IVTiltp   Tl"    Tt*f*rtnOmif*  ^"'^  scientific  professions  until  these  students  have  finished  their 
ir±dn.C    IL    Lj\^\JLlKJllll\^  courses.      It    is    expected    that    institutional    officers    will    exercise 
There    is    a    curious    sort    of    fallacy    which    no    book  "J^e    caution    and    win    not    claim    exemption    for    students    whose 
„    1       .                /.                         1                                        ,.                »T|T  success    in    technical    careers    is    open    to    doubt, 
on    logic,    so   far   as   we   know,   even    mentions.      We   re-  j^   ^^^^^  be  dearly  understood   that  each  case  is   to  be  con- 
fer   in     general    to    the     fallacious     attempts    to     solve  sldered    by    the    district    exemption    boards    on    its    own    merits, 
economic  problems   bv  the  mere  use  of  verbal  phrases  .students  in   technical  schools  are  in  no  wise   exempt  as   a  class. 

that  are  not  quantitatively  definite,  such,  for  exam-  ^'°  "^^^^  "^  p«"°"«  '^'"«  «-'"^™P'  f""*  '■^^  operation  of  the  seiec- 

,                ,,        .                ,,.  ,      ,,,            ,,        J?     i  ,,       T               ii  five    draft    except    those    specified    m    the    act. 

pie,   as  the  terms     ideal     or     perfect.       In  another  j  ^^  bringing  this  matter  to  your  attention  with  the  author- 
editorial    in    this    issue    we    have    quoted    an    engineer  Izatlon  of  the  secretary  of  war.    The  importance  of  it  is  empha- 
Who    speaks    of    a    certain     "ideal"    uniformity    of    ex-  sized    by    the    enclosed    sheet,    indicating    the    small    number    of 
terior    diameter    of    cast-iron    pipes    of    varying    thick-  ^^'^i'^"^  engineers  in  the  country  at  the  present  time. 
,                  i,      i,  .              •             i,  ■    ,       i,     1   ,       ,  The  data  enclosed  are  as  follows: 

nesses.     Apparently  this  engineer  thinks  that  he  has  Graduates  m  engineering,  isr-s  to  I9i6,  inclusive: 

at    least   approached   a   definite   solution    of   an    eco-        chemical  engineering   ,}'H? 

,  ,  ,  ,_  ...  ,,.  ,       ,,,     ,.  Civil   engineering    11,621 

nomic   problem  because  the  result  is  an     ideal     di-        Electrical  engineering 6,357 

»Tiov.c.ir.»i  Mechanical    engineering    11,291 

men.S10n.  Mining    engineering    3,19.5 

Whenever    such    a    word    as    "ideal"    or    "perfect"    is  Metallurgical    engineering    150 

J,,  .  ,  1-1 -J  ijjr  Engineering   (general) 1,897 

used,    there    is   not    only    implied    some    standard    of        Marine  engineering   15 

"perfection,"   but   a   standard  that   has   reference  to  Agricultural" engriu;ering '!!'.'.'.'.'.'.;!!'.!'.!'.!;.'!!;;.''.!!!!!'.; !        3i 

some    particular    quality   that    is    measurable.      If    a  t  t- 1                                                                           ssr'n 

quality   is   not  measurable   even   approximately,   it  can  Except  for  the  years  lOlS  and  1916  these  numbers  include  both 

not  be  compared,  and  in  the  absence  of  comparison  bachelors'  and  graduate  degrees. 

there    can    be    no    such    thing    as    "ideal"    or    "perfect"  Total  number  of  graluates  in  engineering  in  1895  was  752. 
1           j;                .                       1.1            T71      i.u    ■  Graduates  in  engineering  in  1916: 

example    of    a    given    quality.     Furthermore,   in   an        chemical  engineering  340 

economic  problem,  all  "qualities"  must  be  measured        civii  engineering i,236 

,1  'i.      1     J!  HI  1       •  1  Electrical  engineering    1.09S 

in    the    same    units    before    a    final    conclusion    can    be  Mechanical    engineering        1,164 

drawn.    Usually  this  means  that  a  unit  of  value,  ^L-jL'Jil^rgilirengTneeVing ■::;::: :::::::::::                  II 

such    as    the    dollar,    must    be    applied    throughout.  Engineering    not    specified 163 

All  this  seems  self-evident,  yet  we  repeatedly  come  Tifxtiie  enfineerinl  .'!.';!!.'!!!,'!.'!.'."!!!.'.'!.'!!!!!.'.'..'!.'.'!!!!       12 

across     violations     of     this       logical      principle,      even  Agricultural    engineering 5 

among  engineers  whose  mathematical  training  is  sup-  Total    4,30ff 

posed  to  inculcate  correct  methods  of  reasoning  on      '^Gonerli'eng^neeri'ng'f .!".^^^^.' 5  4S5 

economic   matters.     Apparently,    then,    the    study  of        chemical  engineering   -. 2!77i 

mathematics  is  not  in  itself  a  sufficient  drill  in  the  PAectricS^'er^gineeTing'\\y//////////////.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    7',o'98 

principles  of  logic.    And  if  so,  every  engineer  should  fifS'ng%nglTelring""^.//////////^\:V//^:V:^:\'.:::::::'.    i.nl 

study  logic  as  a  science  in  itself.     We  do  not  refer        other  types  of  engineering i^obi 

to  the  logic  of  the  textbooks  alone,  for  textbook  logic  Total    33,106 
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Waterpower  Development  Needed 
to  Conserve  Coal  and  Oil 

When  an  official  of  the  Standard  Oil  Co.  urges 
owners  of  automobiles  to  economize  gasoline,  when 
the  governor  of  California  finds  that  stocks  of  pe- 
troleum are  being  rapidly  depleted  in  a  State  that 
produces  one-fourth  of  the  world's  supply,  and  when 
the  prices  of  every  kind  of  fuel  have  doubled  within 
three  years,  surely  no  further  facts  are  needed  to  em- 
phasize the  importance  of  developing  our  latent 
water  powers. 

Secretary  Lane  states  that  35,000,000  H.P.  of  avail- 
able water  energy  is  uselessly  dissipating  itself. 
Would  it  not  be  wise  to  have  rough  Government  sur- 
veys and  estimates  made  of  the  cost  of  developing 
the  various  sources  of  waterpower  in  America?  It 
is  interesting  to  know  that  there  are  35,000,000  H.P. 
available,  but  the  economic  question  is  what  parts  of 
this  huge  total  can  be  used  at  less  annual  cost  than 
for  steam  power. 

This  is  an  engineering  problem  of  vast  national 
importance,  which  the  war  has  merely  served  to  em- 
phasize. Geologists  have  been  telling  us  for  a  gen- 
eration that  we  are  already  in  sight  of  the  exhaus- 
tion of  our  mineral  fuels.  But  with  characteristic 
lack  of  vision  the  public  has  failed  to  look  far  for- 
ward, and  the  politicians  have  been  almost  as  near- 
sighted. It  is  distinctly  up  to  engineers  and  engi- 
neering societies  to  put  the  public  eye  to  the  telescope 
and  hold  it  there  till  the  nation  sees  our  exhausted 
coal  mines  and  depleted  oil  wells  of  the  not  distant 
future. 


Responsibility  of  Water  Company  for  In- 
juries Caused  by  Curb  Box  Set 
Above  Grade 

To  the  Editor:  Our  water  boxes  (curb  boxes),  like 
those  of  many  other  companies,  vary  in  height  from 
+he  grade  level,  running  from  level  with  the  ground 
to  3,  4  and  5  in.  above  the  ground,  as  the  case  may  be. 
When  there  is  an  application  made  for  service  we 
make  the  connection  and  run  our  pipe  just  inside  the 
curb  line,  and  ordinarily  leave  it  flush  with  the  ground. 
Quite  often,  however,  the  owner  will  say,  "Leave  it 
up  3,  4  or  6  in.,  as  I  wish  to  raise  my  grade,  or  come 
to  a  newly  established  grade,"  and  we  then  do  as  he 
requests.  On  the  other  hand,  there  are  many  curb 
boxes  that  have  been  in  for  a  great  many  years,  which 
have  been  raised  or  lowered  by  the  property  owners 
as  suited  their  fancy  on  the  shifting  grade  as  often 
given  by  the  city  engineer.  We  had  always  supposed 
our  responsibility  ceased  when  putting  in  the  shut- 
off,  it  being  put  in  for  the  convenience  of  the  water 
taker  as  well  as  ourselves;  but  recently  suit  has  been 
brought  against  our  company  by  a  party  who  delib- 
erately walked  across  the  owner's  ground  (the  house 
being  on  a  corner)  and  then,  instead  of  using  the 
walk  to  the  street,  where  his  horse  was  standing, 
walked  across  the  lawn  from  the  sidewalk  to  the 
curb,  catching  his  toe  underneath  a  curb  box  that 
was  raised  some  3  in.  from  the  surface  of  the  ground. 

Have  you  any  data  to  which  you  could  refer  us? 
This,  in  a  way,  is  a  novel  suit;  so  far  we  have  been 
unable  to  find  any  Water  Superintendent  who  has  had 
a  like  case.  We  would  much  appreciate  any  case  or 
cases  to  which  you  might  refer  us. 

Water  Works  Co. 


Method  and  Cost  of  Thawing 
Frozen  Ground  with  Steam 

The  city  of  Pocatello,  Idaho,  during  the  winter  of 
1916-17  experienced  the  longest  cold  spell  ever  re- 
corded there,  with  the  result  that  the  people  were 
inconvenienced  considerably  on  account  of  frozen 
water  pipes.  Between  Jan.  10  and  15  a  4-in.  cast- 
iron  water  main  4,000  ft.  long  through  the  best  resi- 
dential street  in  the  city  was  frozen  solid  from  end 
to  end.  An  effort  was  made  to  thaw  it  out  with  elec- 
tricity, but  it  was  found  that  too  many  joints  were 
broken  and  it  would  be  impossible  to  get  water 
through   it  without  digging  most  of  it  up. 

Considering  the  cost  of  temporary  relief  needed 
at  once,  the  cost  of  previously  announced  increase 
in  wages  to  take  effect  April  1,  the  loss  of  revenue 
for  three  months,  the  cost  of  making  service  connec- 
tions to  a  temporary  main  laid  on  top  of  the  ground 
if  the  frozen  main  was  left  alone  until  summer,  and 
the  advantage  of  having  the  pick  of  the  labor  sup- 
ply, it  was  decided  the  cheapest  thing  to  do  would 
be  to  replace  the  frozen  main  and  lay  it  to  grade  im- 
mediately. The  old  main  was  laid  at  a  depth  of  only 
30  to  40  in.,  but  this  was  to  have  been  increased  when 
the  street  was  graded  preparatory  to  paving.  The 
following  method  for  thawing  the  ground  was  de- 
veloped by  Edgar  C.  Smith,  Superintendent  of  Water 
Works,  and  worked  very  successfully : 

A  double  line  of  IVo-in.  pipe  was  laid  over  the  site 
of  the  trench  and  covered  about  6  in.  deep  with  sand. 
Steam  was  supplied  from  a  traction  engine  at  75  to 
100  lb.  pressure.  The  first  day  a  180-ft.  stretch  of 
pipe  was  placed,  but  it  was  found  that  hot  water 
and  steam  was  being  returned  to  the  boiler,  show- 
ing that  all  the  heat  generated  was  not  being  used. 
A  little  experimenting  proved  that  thawing  a  300-ft. 
stretch  at  a  time  gave  the  best  results.  In  the  morn- 
ing the  gang  would  throw  the  sand  off  the  pipe  in 
about  10  minutes  and  the  traction  engine  would  pull 
the  pipe  to  the  next  block.  A  team  would  haul  the 
sand  and  have  the  pipe  covered  again  by  10  o'clock 
and  steam  would  be  kept  in  the  pipe  until  the  next 
morning. 

The  ground  was  frozen  to  a  depth  of  AVo  ft.  After 
applying  the  steam  for  24  hours  the  ground  was 
clear  of  all  frost  for  a  depth  of  2ii.'  ft.  and  was  very 
easily  dug.  Below  that  depth  the  frost  was  so  rot- 
ten that  the  earth  was  easily  loosened  with  a  pick. 

Water  was  supplied  to  the  engine  with  a  street 
sprinkler  tank,  but  as  the  condensed  steam  return- 
ing through  the  pipe  was  turned  into  the  tank  not 
much  water  was  used,  and  the  temperature  of  the 
returning  water  was  just  enough  to  keep  the  tank 
from  freezing. 

The  total  daily  cost  of  thawing  the  ground  was  as 
follows: 

Kent    of   traction    engine    per   day $  3.00 

Day  fireman 5.00 

Nigrht   fireman    4.50 

1  ton   of  coal  per  day.. S.OO 

1  yd.   of  sand  per  day 75 

Team   and    one   man   moving  sand,   hauling   water,    etc.,    ^4 

day    4.50 

Gang   of   20    men   15    minutes   removing    sand    from    pipe  =  5 

man    hours    1.37 

Total     ?27.62 

Total  length  of  trench  opened  per  day,  300. 
Cost  per  foot  for  thawing.    $0,092. 
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Each  of  the  16  camps  now  under  construction  for 
National  Guard  divisions  of  the  United  States  Army 
will  require  approximately  19  miles  of  piping  for 
water  supply  purposes. 
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Traveling  Field  Laboratory  of  New 

Jersey  State  Department 

of  Health 

In  New  Jersey  the  supervision  of  the  public  water 
supplies,  the  majority  of  the  sewage  disposal  sys- 
tems, and  the  pasteurization  of  milk  and  its  prod- 
ucts are  entrusted  to  the  State  Department  of  Health. 

The  supervision  includes,  among  other  things, 
testing  the  efficiency  of  water  filtration  and  treat- 
ment plants,  sewage  disposal  plants  and  the  various 
stages  of  the  pasteurizing  process  by  chemical  and 
bacteriological  examinations.  To  accomplish  this 
work  the  department  maintains  a  force  of  trained 
men  who  work  from  Trenton  as  a  base,  perform  the 
necessary  preliminary  chemical  or  bacteriological 
work  and  return  to  the  State  Laboratory  at  Trenton 
in  most  every  instance  at  the  end  of  each  working 
day  where  such  samples  as  may  have  been  collected 
are  turned  over  to  the  laboratory  to  complete  the 
tests. 

It  has  been  found  that  this  system  is  troublesome, 
time  consuming  and  is  not  conducive  to  the  best  re- 
sults. It  frequently  becomes  necessary  to  make  a 
week's  test  of  the  operation  of  a  water  filtration  or 


they  may  be  either  taken  from  the  car  and  used  on  a 
110-volt  electric  circuit  or  they  may  be  left  in  the 
car  and  run  from  a  storage  battery  at  12  volts. 

Experience  has  demonstrated  that  all  places  where 
milk  is  commercially  pasteurized  must  be  subjected 
to  official  control,  which  immediately  presents  a  prob- 
lem as  to  how  this  can  best  be  accomplished.  For 
nearly  two  years  the  department  has  endeavored  to 
check  up  the  various  pasteurizing  outfits  by  taking 
samples,  for  bacteriological  examination,  of  milk  in 
its  raw  state  and  at  different  stages  in  the  pasteuriz- 
ing process. 

On  examining  the  milk  from  creameries  located  in 
immediate  proximity  to  the  State  Laboratory,  sam- 
ples after  collection  are  brought  to  the  laboratory 
to  be  plated,  incubated  and  bacteria  subsequently 
counted.  In  collecting  samples  from  pasterizing 
plants  located  some  distance  from  the  laboratory  it  is 
found  impossible  to  deliver  them  there  until  long 
after  closing  hours.  For  this  reason  the  necessary 
agar  plates  are  made  while  at  the  creamery,  the 
plates  being  brought  back  later  in  the  day  and  placed 
in  the  incubator,  where  after  48  hours'  growth  they 
are  counted  by  a  member  of  the  laboratory  staff.  This 
procedure  is  found  quite  satisfactory  in  all  cases  ex- 
cept  in   the  extreme   upper  end  of  the  State.     Here 


Exterior    and     Interior    Views    of    Traveling    Field    Laboratory    of   New   Jersey   State    Deoartment   of   Health. 


sewage  disposal  plant  which  has  always  been  found 
to  be  attended  with  many  difficulties.  It  has  been 
shown  on  several  occasions  that  it  would  be  much 
better  if  the  department  had  some  means  by  which 
it  could  reach  towns  threatened  by  an  unsafe  water 
or  milk  supply  more  quickly  than  by  relying  on  trains 
which  in  some  sections  of  the  State  are  e.xceedingly 
irregular.  The  department,  therefore,  recently 
equipped  an  automobile  with  a  laboratory  and  with 
the  necessary  chlorine  disinfecting  apparatus.  The 
automobile  is  ready  for  service  at  any  time  and 
should  a  water  treatment  plant  become  disabled  and 
the  quality  of  the  water  supplied  to  the  public  be 
rendered  unsatisfactory  and  unsafe,  the  plant  can 
be  reached  within  a  comparatively  short  time  and 
the  chlorine  gas  apparatus  installed  and  operated. 

The  automobile  has  a  special  body  which  is  of  the 
same  type  as  the  body  of  a  delivery  wagon.  It  has 
wooden  doors  at  the  front  at  the  rear  of  the  driver's 
seat  and  at  the  back  of  the  car  which  are  fitted  with 
suitable  locks.  The  interior  of  one  side  of  the  car 
is  fitted  with  a  laboratory  bench  and  the  necessary 
equipment  for  laboratory  work.  Two  37°  C.  incuba- 
tors were  installed  in  which  cultures  of  bacteria 
can  be  grown.     These   incubators  are  made   so  that 


the  time  spent  in  traveling  to  the  various  creameries 
as  well  as  the  expenses  incident  thereto,  makes  the 
collection  and  transportation  of  samples  under  the 
plan  outlined  above  impracticable. 

Generally  speaking,  the  shorter  the  time  between 
the  collection  and  examination  of  milk  samples,  the 
more  accurate  will  be  the  results.  With  the  assist- 
ance of  the  department's  new  motor  laboratory, 
which  can  be  stationed  at  some  central  point  in  the 
remote  sections  of  the  State,  samples  can  be  collected, 
plated  and  brought  to  the  auto-laboratory  for  incuba- 
tion and  counting.  Besides  effecting  a  great  saving 
of  time  and  expense,  the  general  efficiency  of  the 
work  will  be  materially  enhanced. 

While  this  traveling  laboratory  was  designed  and 
largely  planned  by  C.  G.  Wigley,  Chief  Engineer  of 
the  department,  and  will  ordinarily  be  assigned  to 
the  work  of  the  Bureau  of  Engineering,  it  is  to  be 
of  service  to  the  whole  department  and  may  on  occa- 
sions be  also  used  for  the  control  of  epidem- 
ics of  communicable  diseases.  One  of  the  first 
uses  to  which  the  equipment  will  be  put  will  be 
that  of  examining  the  milk  and  water  supplies  at  the 
concentration  camps  of  soldiers  in  the  State  of  New 
J  ersey. 
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Objectionable  Features  of  Sprin- 
kling Filters  and  the  Cause 

In  connection  with  studies  for  a  main  drainage 
and  sewage  disposal  project  for  the  area  tributary 
to  Jamaica  Bay,  New  York,  Mr.  Kenneth  Allen,  En- 
gineer of  Sewage  Disposal  for  the  Board  of  Esti- 
mates and  Apportionment  of  New  York  City,  collected 
information  on  the  objectionable  features  of  sprin- 
kling filters  in  connection  with  sewage  treatment 
works.  Inquiries  were  made  concerning  some  10 
municipally  operated  plants,  and  answers  were  ob- 
tained from  14  of  these,  including  the  more  important 
installations  in  the  United  States.  A  summary  of  the 
replies  is  given  in  Tables  I  and  II.  The  results  of  Mr. 
Allen's  investigation  are  given  in  a  recently  issued 
report,  from  which  the  matter  in  this  article  is  taken. 

So  far  as  can  be  learned  from  the  answers  as  well 
as  from  personal  visits  to  a  large  number  of  plants 
it  is  Mr.  Allen's  opinion  that  if  the  sewage  is  reason- 
ably fresh  and  the  plant  properly  designed  and  op- 
erated, odors  will  rarely  be  noticed  at  a  distance 
greater  than  600  or  800  ft.  But  two  of  the  cities 
heard  from — Baltimore  and  Columbus — have  had 
complaints  traceable  to  sprinklers,  and  in  both  cases 
the  sewage  is  delivered  in  a  septic  condition. 

The  question  arises:  How  old  must  sewage  be  to 
reach  this  condition?  Obviously  this  depends  on  the 
constituents  of  the  sewage,  the  temperature,  its  ac- 
cess to  the  open  air  and  its  possible  contact  with  de- 
composing deposits. 

There  is  so  little  accurate  information  to  be  had 
as  to  the  velocity  of  flow  in  sewerage  systems  that 
it  is  difficult  to  assign  any  definite  period  of  collec- 
tion that  is  necessary  to  bring  the  sewage  to  a  sep- 
tic condition.     It  would  obviously  be  unfair  to  take 


this  period  as  that  required  to  deliver  the  sewage 
from  the  most  extreme  point  of  the  system,  as  the 
tendency  to  septicize  this  presumably  small  portion 
of  the  whole,  would  be  partly  neutralized  by  the 
larger  subsequent  volumes  of  inflow  containing  a 
residium  of  oxygen.  Probably  a  point  somewhere 
between  the  center  of  population  and  this  extreme 
point  would  be  more  reasonably  assumed  at  the  point 
from  which  the  oxygen  is  gradually  depleted  until 
reaching  the  treatment  plant. 

Mr.  F.  D.  Smith,  Chief  Engineer  of  Sewage  Works, 
Metropolitan  Water  and  Sewage  Board  of  Massa- 
chusetts, writes: 

The  se-\\-ajje  of  the  ^Metropolitan  sewers  is  in  general  in  a 
septic  condition  when  discharg:ed  through  the  outfalls  owing  to 
the  length  of  the  mains.  Some  of  these  mains,  together  with 
the  lateral  sewers,  have  a  length  exceeding  25  miles. 

I  am  not  able  to  state  definitely  the  length  of  time  before  the 
sewage  could  be  termed  stale  or  septic.  The  chemist  of  the  State 
Department  of  Health  of  this  state,  who  makes  examination  of 
the  condition  of  sewage  in  our  sewers,  informs  me  that  after  20 
to  24  hours,  depending  upon  the  season  of  the  year,  they  regard 
the  sewage  as  septic. 

By  reference  to  Table  I  it  is  noted  that  the  sew- 
ages of  Batavia  and  Schenectady  reach  the  plant  at 
about  the  time  when  becoming  septic. 

At  Batavia  decomposition  seems  to  be  promoted  by 
deposits  in  the  sewers  as  "if  the  sewers  are  flushed 
once  a  year  during  the  summer  months  the  sewage 
arrives  at  the  plant  in  a  fresh  state."  This  would  be 
expected  as  the  extreme  distance  traveled  is  but 
about  2i'2  miles. 

At  Schenectady  the  e.xtreme  flow  is  about  6  miles 
and  that  from  the  center  of  population  about  41/2 
miles  as  measured  along  the  sewer.  A  careful  com- 
putation indicates  the  extreme  distance  and  time  of 
travel  by  two  routes  to  be:  Route  1 — From  State  St. 
5.9  miles,  4  hr.  36  min.     Route  2— From  15th  St.  6.45 


TABLE  I.— ODORS  DUE  TO   SPRIXKLING  FILTERS. 


Town. 
Atlanta.    Ga. 


Volume  of  sewage 
gal.  per  day. 
13,000.000 


Baltimore.   Md 45.000,000 

Batavia,    N.    Y 2,000.000 

Bloomington,   Ind 600,000 

Chambersburg.   Pa 700,000 

Columbus,    Ohio    21.000,000 

Fitchburg,    Mass 2,123,000 


Gloversville,    N.    " 

Indiana,   Pa 

Lebanon,  Fa.  .  . . 
Philadelphia,   Pa. 

Reading,  Pa.  , . . 
Schenectady,  N. 
■Washington,    Pa. 


2.800,000 
657,000 
S00,000 

1,250,000 

6,000,000 
10,000,000 
1,400,000 


, Condition 

Tanks. 
3  plants  fresh 
1  plant  stale 

Stale 
Slightly  septic 

Fresh 

Fresh 

Septic 

Fresh 

Fresh 
Fresh 
Fresh 
Fresh 

Fresh 

Fairly  fresh 

Septic 


at   deliver^^ > 

Nozzles. 

Fresh 

Stale 

Septic 

Slightly   septic 

Septic 

Fresh 

Septic 

None    over    8 

hours   old 

Fresh 

Septic 

Septic 

Fresh 

Settled   7  hrs. 

Nearly  stale 

Septic 


conditions. 

400  ft. 

700-SOO  ft. 

M   to    ^  mile 

300  ft. 

1,000   ft. 

lA  mile 

1   mile 

300-400  ft. 


in   summer. 


that   odors   are 

Objectii 
L'rlavorable 
conditions. 


H    mile 
14    mile 


500  ft.  500  ft. 

200  ft.  400  ft. 

Practically  no  odor 
500  ft.  Ordimrilv    less 

than   50  ft. 

300  ft.  

700  ft.  


^  to  %  mile 
None 
800  ft. 
1,000   ft. 
1  mile 
None 

None 


300  ft. 
o-OO   ft. 


300  ft. 
700  ft. 


1,000  ft. 
14  tnile 
None 

None 
400  ft. 


1,500  ft. 


400  ft. 


300  ft. 
300  ft. 


TABLE  II.— EFFECT  OF   SEWAGE   TRE.'ATMENT   PLANTS   ON    PROPERTY  VALUES. 


Distance  to 
nearest 
Town.  residence. 

Atlanta.  Ga 300  ft. 

Baltimore,  Md 1.300  ft. 

Batavia,   N,    Y 3S1  ft. 

Bloomington,    Ind 1,500  ft. 

Chambersburg.  Pa 600  ft. 

Columbus.    Ohio    1.300  ft. 

Fitchburg.  Mass 1,000  ft. 

Gloversville,    N.    Y 900  ft. 

Indiana,   Pa 1,300  ft, 

Lebanon,    Pa 600  ft. 

Philadelphia,    Pa 2,000  ft. 

Reading.    Pa 1.300  ft. 

Schenectady,    N.    Y 1.100  ft. 

Washington.   Pa 1,000  ft. 


Complaints  due  to  odors,  flies,  etc. 

None 

Several  complaints  due  to  odors  and  flies 

None 

Complaints  from  flushing  about  3  times  a 

5'ear.    None  from  plant. 

None 

Complaints  due  to  stale  condition  of  sewage 

None 

Complaints  due  to  sludge  beds — none  to  filters 

One  complaint  due  to  sludge  removal 

None 

None 

Complaints  due  to  cleaning  tanks — not  to  filters 

Complaint  due  to  undigested  sludge  in  early 

operation  of  plant 

Complaints   from   discharge   of  undigested 

sludge.    None  for  2  years 


Effect   on   property  values  due   to  construc- 
tion  and   operation  of  plant. 
Property  values  about   plants  have  increased 

None 
None 


None 
An  alleged  decrease.    Unable  to  verif 

None 
properties   200'-600'    from   sludge   beds 
predated    25-33%% 

None 

None 

None 

None 

None 

Apparently  none 
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miles,  5  hr.  56  min.  The  sewage  is  fairly  fresh  on 
arrival,  but  is  approaching  staleness  on  reaching  the 
nozzles  after  settling. 

From  Table  I  it  also  is  shown  that  the  sewage 
arrives  at  one  of  the  Atlanta  plants  and  at  the  Balti- 
more, Md.,  Columbus,  O.,  and  Washington,  Pa.,  plants 
in  a  stale  or  septic  state. 

The  extreme  distance  of  travel  at  Atlanta  is  about 
5  miles,  and  that  from  the  center  of  population  4V2 
miles.  The  maximum  time  of  travel  is  about  41/2 
hours,  due  in  part  to  the  flow  for  about  %  mile 
through  an  old  creek  bed  which  will  be  replaced  by 
a  sewer  later  when  the  sewage  is  expected  to  arrive 
in   a  fresh  condition. 

At  Baltimore  the  sewage  from  the  center  of  the 
city  travels  about  8  miles  and  is  some  5  hours  old 
when  received,  although  some  is  probably  derived 
from  a  distance  exceeding  10  miles. 

At  Columbus  the  center  of  population  is  stated  to 
be  4  miles,  but  the  most  e.xtreme  point  10  miles  from 
the  plant. 

At  Cleveland  a  travel  of  5  miles  renders  the  sew- 
age "distinctly  stale." 

From  the  above  it  would  appear  that  sewage 
brought  from  a  distance  of  over  6  or  8  miles  from 
the  center  of  population  under  ordinary  conditions  of 
flow  and  in  warm  weather  is  likely  to  arrive  in  a 
stale  condition.  This  is  confirmed  by  the  condition 
of  the  sewage  reaching  the  sewage  testing  station  at 
Cleveland,  where  it  arrives  in  this  condition  when  6 
or  8  hours  old,  while,  indicating  this  to  be  about  the 
limit,  the  sewage  from  Fitchburg  reaches  the  plant 
when  most  of  it  is  not  over  three  but  some  of  it  nearly 
eight  hours  old  in  a  fresh  condition. 

This  conclusion,  being  based  upon  so  few  examples 
must  of  course  be  considered  as  tentative  and  liable 
to  modification  and  in  any  case  the  limiting  time  de- 
pends, as  already  pointed  out,  on  such  matters  as 
temperature  and  contact  with  the  air.* 

The  foregoing  discussion  indicates  in  a  general 
way  that  a  nuisance  may  arise  from  a  sprinkling 
filter  plant;  that  experience  in  other  cities  goes  to 
show  that  such  nuisances  are  more  apt  to  be  traced 
to  other  features  of  the  plant,  such  as  sludge  han- 
dling, than  to  the  operation  of  the  filters  themselves; 
and  that  odors  are  liable  to  be  produced  during  warm 
weather  by  sprinkling  filters  handling  a  stale  or  sep- 
tic sewage  that  may  affect  property  values  located  a 
quarter  of  a  mile  or  more  from  the  plant. 

It  is  probable,  too,  that  sewage  delivered  from  or- 
dinary septic  tanks  to  sprinkling  filters  is  more  liable 
to  cause  odors  than  when  delivered  from  Imhoff  tanks, 
not  only  on  account  of  the  longer  retention  customary 
with  the  former  type,  but  on  account  of  the  with- 
drawal of  oxygen  due  to  contact  with  the  decom- 
posing sludge  and  to  abs»rption  of  the  malodorous 
gases  evolved  during  his  decomposition. 

Where  large  volumes  of  sewage  are  to  be  treated, 
therefore,  sprinkling  filters  should  handle  fresh  sew- 
age only,  or  else  be  placed  far  from  habitable  prop- 
erty. 

In  the  selection  of  a  method  of  oxidizing  treatment 
tor  a  peroid  of  40  years  or  so  hence  the  more  slug- 
gish flow,  and  consequently  nearer  approach  to  a 
septic  condition  of  the  sewage  on  reaching  the  plant 
that  will  obtain  during  the  early  years  of  operation, 
should  not  be  overlooked.     With  a  velocity  of,   say, 

•In  the  Emscher  district  in  Germany  sewage  effluents  are  car- 
ried many  miles  in  open  channels  with  an  average  velocity  of 
2.3  feet  per  second  and  it  is  claimed  that  instead  of  becominR 
septic  the  sewage  improves  through  contact  with  the  air  and 
the  effect  of  the  sunlight. 


1.5  instead  of  3  ft.  per  second,  the  age  of  the  sewage 
would  be  doubled  and  in  addition  there  would  be  the 
greater  liability  of  deposits,  resulting  in  an  additional 
draft  on  the  o.xygen  remaining  in  the  liquid,  with  a 
further  reduction  of  the  time  required  to  bring  about 
anaerobic  decomposition.  Another  consideration 
which  has  not  been  touched  on  is  the  area  required. 
If,  for  instance,  it  should  turn  out  that  the  activated 
sludge  process  were  otherwise  advantageous,  it  would 
have  the  additional  merit  of  requiring  much  less  area 
— probably  from  a  quarter  to  a  fifth  of  that  necessary 
for  sprinkling  filters.  In  some  localities  this  would 
be  a  consideration  of  much  importance. 


Unloading  Pipe  from  Gondola  Cars 
by  Motor  Truck 

By  an  ingenious  arrangement  of  block  and  tackle 
the  Public  Service  Department  of  Glendale,  Cal., 
made  its  motor  truck  load  itself  with  pipe  from  gon- 
dola cars.  For  unloading  the  cars  a  35-ft.  gin  pole 
was  erected  and  guyed  to  the  ground.  As  the  work 
of  hauling  was  done  with  an  electric  light  line  crew 
the  erection  of  gin  poles  and  guying  was  simply  a 
matter  of  every-day  routine  and  required  but  little 
over  an  hour.  A  set  of  double  blocks  with  1-in. 
manila  rope  to  which  was  attached  a  V2-in.  steel  guy 
sling  fitted  with  hooks  was  used  for  lifting  the  pipe 
out  of  the  car.  When  ready  to  load,  the  end  of  the 
line  was  snapped  onto  a  hook  at  the  back  end  of  the 
truck,  the  piece  weighing  2,100  lbs.  was  hoisted  to 
clear  the  car  and  the  end  of  the  manilla  line  snubbed. 

The  truck  then  backed  under  the  pipe  and  the  pipe 
was  lowered  away.  This  operation  was  repeated 
three  times  with  each  load  and  the  total  time  re- 
quired from  the  time  the  truck  arrived  at  the  car 
until  it  left  with  the  load  tied  on  was  between  6  and 
7  minutes. 

In  hoisting  out  of  the  car  it  was  generally  neces- 
.^ary  to  attach  a  small  line  with  double  blocks  from 
the  pipe  to  the  side  of  the  car.  This  was  eased  off 
gently  as  the  pipe  started  to  leave  the  bottom  of  the 
car  in  order  to  prevent  injuring  pipe  or  car.  In 
loading  the  crew  was  disposed  as' follows:  One  man 
handling  truck,  one  man  on  car  hooking  slings  into 
each  end  of  the  pipe  and  handling  the  small  block 
which  prevented  pipe  from  thrashing  around  as  it 
was  lifted,  one  man  to  receive  pipe  and  get  it  onto 
the  bed  of  the  truck,  one  man  to  snub  rope  when  pipe 
was  lifted  and  lower  away  at  the  proper  time. 

For  unloading  the  truck  two  skids  4x6,  about  9  ft. 
long,  shod  one  end  with  iron  so  as  to  hook  into  the 
bed  of  the  truck,  were  used.  A  sling  of  1-in.  rope 
was  thrown  over  each  joint  of  the  pipe  and  snubbed 
at  the  opposite  side  of  the  truck  and  the  pipe  was 
readily  eased  down   into  place. 

In  all  9,000  ft.  of  20-in.  cast  iron  bell  and  spigot 
pipe  was  unloaded  and  distributed.  This  was  ac- 
complished by  means  of  a  2-ton  Packard  truck  and 
crew  of  four  men.  As  high  as  100  tons  of  pipe  per 
day  were  handled,  working  two  shifts  of  men,  and 
the  truck  running  for  about  15  hours.  This  included 
spotting  the  car,  taking  pipe  out  of  the  car,  tying 
the  load  on  the  truck,  hauling  to  the  job  a  distance 
a  little  under  a  mile,  and  distributing  along  the  job. 
Several  round  trips  were  made  in  18  minutes  where 
the  haul  was  less  than  ^2  mile  each  way.  All  loads 
included  three  lengths  of  12-ft.  pipe. 

H.  B.  Lynch  is  Manager  of  the  Public  Service  De- 
Dartment  of  Glendale,  Cal. 
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Operating    Methods    at   Chain   of 

Rocks    Filter    Plant, 

St.  Louis,  Mo. 

The  Chain  of  Rocks  filter  plant  was  placed  in  oper- 
ation in  the  spring,  1915.  The  total  cost  of  the  plant 
was  $8,550,000  and  its  rated  capacity  is  160,000,000 
gal.  daily.  The  method  of  purification  includes  grit 
removal,  softening  with  lime,  coagulation  with  iron, 
sedementation,  coagulation  with  sulphate  of  alu- 
mina, filtration,  and  sterilization  with  chlorine.  The 
methods  of  operating  the  plant  are  described  by  Mr. 
C.  M.  Dailey,  engineer  in  charge  of  the  Supply  and 
Purifying  Section,  Water  Division,  Department  of 
Public  Utilities,  St.  Louis,  in  the  May-June  Journal 
of  the  Engineers'  Club  of  St.  Louis,  from  which  the 
matter  following  is  abstracted. 

In  commencing  operation  of  the  plant,  each  con- 
troller was  adjusted  and  the  filter  unit  put  in  service. 
The  time  required  to  put  the  entire  plant  in  operation 
was  about  30  days. 

The  adjustment  and  testing  of  the  nine  Venturi 
meters  for  the  raw  water,  wash  water  and  chemical 
solution,  the  orifice  for  measuring  the  chemical  solu- 
tion, the  recording  pressure  and  elevation  gages  re- 
ceived attention  in  the  order  given.  In  the  mean- 
time the  operating  force  was  instructed  to  wash  at  a 
low  rate  (18  in.  vertical  rise  per  minute),  and  to  start 
the  washing  very  slowly  until  all  the  air  was  expelled 
from  the  bed. 

When  all  the  machinery  was  in  working  condition, 
experiments  were  conducted  as  rapidly  as  possible  to 
determine  the  best  method  to  follow  in  operating  the 
filters. 

Tests  for  color  and  turbidity  and  determinations 
of  the  bacterial  content  of  the  water  were  regularly 
conducted  under  the  direction  of  the  chemist,  with 
the  expectation  that  the  results  of  these  tests  could 
be  used  daily  for  regulating  the  plant  operation.  It 
was  soon  evident  that  the  time  necessary  for  the 
incubation  of  bacteria,  brought  these  results  too  late 
to  be  of  direct  service,  so  that  modification  of  the 
treatment  had  to  depend  upon  the  turbidity  and  color 
tests,    leaving  the   -bacterial    results   to   follow   later. 

When  the  plant  was  first  put  in  operation  the  alu- 
minum sulphate  solution  lines  which  were  con- 
structed of  8-in.  tiles  and  4-in.  fiber  pipes  failed  to 
stand  the  slightest  pressure,  and  dry  aluminum  sul- 
phate was  added  to  the  water  in  the  influent  flume, 
starting  the  latter  part  of  May,  1915,  and  it  was  not 
until  July  7th  that  it  was  added  to  the  water  in  the 
coagulation  basins.  This  necessarily  caused  slightly 
turbid  eflluent  water  except  when  a  good  film  of  mud 
and  aluminum  hydroxide  was  formed  on  the  sand, 
which  incidentally  made  the  turbidity  tests  in  the 
filter  operation  of  more  importance  than  they  other- 
wise would  have  been. 

Turbidity  tests  of  the  effluent  water  were  taken 
every  10  minutes  from  the  time  a  filter  was  put  in 
operation  until  the  rate  of  filtration  fell  off,  due  to 
clogging  of  the  sand.  On  several  filters  operating  at 
different  rates,  the  results  were  erratic  in  regard  to 
the  amount  of  turbidity  but  were  uniform  in  the  fol- 
lowing respects:  The  first  filtrate  amounting  to 
about  5,000  gal.  was  clear,  and  following  this  a  quan- 
tity, varying  greatly,  sometimes  exceeding  over  18,000 
gal.  of  turbid  water,  followed  by  a  clear,  effluent 
until  the  loss  of  rate  fell  off  due  to  clogging  of  the 
filters;  it  was  also  observed  that  the  same  filter  run- 
ning at  a  low  rate  allowed  a  smaller  quantity  of  tur- 


bid water  to  pass  than  when  running  at  a  higher  rate. 
Filters  having  coarse  sand  allowed  more  turbid  water 
to  pass  than  ones  having  a  layer  of  fine  sand  on  top, 
the  eff'ective  size  being  a  poor  indicator  of  the  prob- 
able results.  These  results  raised  the  question  of  at 
how  low  a  rate  a  filter  should  be  run  to  produce  the 
minimum  quantity  of  turbid  water,  and  how  long  it 
should  operate  at  this  rate.  Tests  were  made  on 
several  varying  from  5  M.G.  per  day  to  lo  M.G.  per 
day,  those  being  the  maximum  and  minimum  quanti- 
ties which  could  be  automatically  controlled.  These 
results,  as  before,  were  erratic  as  to  the  amount  of 
turbidity  but  uniform  in  two  respects:  First,  the 
lower  the  rate,  the  smaller  the  quantity  o'f  turbid 
water  passed;  second,  that  after  a  period  from  40  to 
60  minutes  running  at  a  I9  M.G.  rate,  the  rate  could 
be  raised  to  any  quantity  which  could  be  controlled 
vvithout  increasing  the  turbidity.  In  this  series  of 
tests  it  was  observed  that  after  washing,  when  a 
large  amount  of  aluminum  sulphate  was  added  to  the 
water  as  it  entered  the  bed,  a  smaller  quantity  of 
turbid  water  was  delivered  by  the  filter.  The  turbid 
water  left  in  the  filter  below  the  wash  water  gutters, 
after  washing,  seemed  to  produce  a  much  larger  flock 
v.'hen  mixed  with  the  influent  while  filling  the  filter, 
which  led  to  another  series  of  tests  to  determine,  if 
possible,  a  method  for  treating  this  remaining  water, 
to  reduce  the  quantity  of  turbid  water  delivered  di- 
rectly after  washing. 

Various  quantities  of  dry  aluminum  sulphate  were 
added  to  the  water  in  the  central  gutter  while  filling 
the  bed  after  washing.  The  filter  was  put  in  opera- 
tion after  being  allowed  to  stand  for  a  length  of 
lime  varying  from  a  few  seconds  to  an  hour,  and  at 
the  same  time  varying  the  rate  of  filtration.  The 
results  clearly  showed  that  a  quantity  of  aluminum 
sulphate  required  to  produce  a  heavy  flock,  about  14 
lbs.,  and  filtering  at  ^2  M.G.  rate  for  40  to  50  minutes 
gave  the  best  results,  reducing  the  amount  of  tur- 
bidity often  to  14  part  per  million  and  never  exceed- 
ing two  parts.  No  advantage  was  obtained  by  leaving 
the  bed  standing  for  any  length  of  time  after  filling. 

At  first  when  a  filter  needed  washing  the  infiuent 
was  shut  off  and  the  bed  allowed  to  operate  until 
the  water  fell  below  the  top  of  the  wash  water  gutter, 
when  the  washing  was  started  and  the  quantity  of 
water  above  the  sand  was  wasted  with  the  wash  wa- 
ter. Numerous  tests  were  made  by  allowing  the  filter 
to  run  after  the  infiuent  water  was  shut  off  until  the 
bed  was  drained.  The  results  were  uniform,  showing 
a  good  effluent  until  the  water  level  was  far  below 
the  top  of  the  sand,  but  the  imprisoned  air  in  the 
sand  usually  broke  the  film  cracks  appearing  along 
the  walls  and  a  contraction  of  the  film  seemed  to 
cause  checks  as  the  water  reached  a  point  a  few 
inches  above  the  sand.  Undoubtedly  a  poor  effluent 
would  be  produced  by  the  water  passing  through  the 
broken  film,  but  all  the  water  in  the  underdrain  sys- 
tem and  gravel  must  pass  before  this  water  could 
reach  the  effluent  flume  so  there  was  no  danger  in 
drawing  the  water  down  to  within  an  inch  or  two  of 
the  sand.  If  the  water  is  drawTi  below  the  sand, 
packing  occurs  and  the  bed  does  not  break  up  prop- 
erly when  washing,  hence  nothing  is  gained  by  draw- 
ing the  water  below  the  film  on  the  sand. 

The  amount  of  filtrate  necessary  to  be  wasted  after 
washing  was  studied  and  conclusions  reached  that 
it  was  unnecessary  to  waste  any  water  with  the 
adopted  method  of  low  rate  filtration  for  one  hour 
and  treating  each  bed  after  washing. 

As  to  the  amount  of  wash  water  required  and  the 
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best  rate  of  washing,  some  uncertainties  still  exist, 
and  probably  will  continue  to  do  so,  as  the  kind  of 
material  carried  in  suspension,  the  time  between 
washings  and  the  quantity  of  aluminum  hydroxide 
on  the  sand  greatly  influences  the  quantity  of  wash 
water  necessary  at  any  rate  of  washing.  At  first  a 
low  rate  of  wash  was  used,  about  18  in.  vertical  rise 
per  minute;  this  was  continued  for  about  six  months, 
resulting  in  the  formation  of  mud  balls  varying  in 
size  from  ig  in.  in  diameter  to  II2  in.  in  diameter, 
most  of  them  being  of  the  smaller  size;  the  rate  was 
then  raised  to  21  in.  and  finally  24  in.  per  minute 
vertical  rise,  at  which  rate  some  of  the  smaller  par- 
ticles of  sand  would  rise  nearly  to  the  wash  water 
gutters.  The  high  rate  seemed  to  prevent  the  in- 
crease of  mud  balls  but  did  not  eliminate  the  ones 
already  formed.  Screens  having  V4  in.  mesh  mounted 
on  wooden  frames  were  drawn  through  the  sand  while 
washing;  usually  after  screening  the  sand  in  this 
manner  from  five  to  ten  times,  most  of  the  mud  balls 
were  removed,  but  unless  there  was  a  very  even  dis- 
tribution of  wash  water  spots  or  hard  lumps  in  the 
sand   would   occur. 

On  one  filter  bed  it  was  found  that  the  north  side 
washed  at  a  much  higher  rate  than  the  south  side. 
The  north  side  was  cut  ofl:  with  blank  flanges  and 
on  washing  the  south  side  alone  it  was  found  that  the 
greatest  amount  of  wash  water  possible  to  get 
through  this  side  was  9,600  gal.  per  minute,  or  22  in. 
vertical  rise  per  minute  with  the  maximum  head  of 
?.5  ft.  on  the  strainer  system.  All  the  sand  and  gravel 
was  removed  in  sections  and  many  of  the  holes  in 
the  strainer  plates  were  found  to  be  plugged  with 
cement  and  sand  grains. 

The  holes  were  cleared  by  hand  at  a  cost  of  $150, 
and  when  put  in  service,  the  cleaned  side  washed  at 
a  slightly  greater  rate  than  the  other  side.  It  was 
very  diflicult  to  determine  a  slight  difference  in  the 
rate  of  washing  of  the  two  sides  and  in  order  to  have 
some  means  of  determining  this  a  device  was  con- 
structed for  collecting  samples  of  sand  simultane- 
ously at  various  distances  below  the  wash  water  gut- 
ters while  washing.  This  sand  collector  consisted  of 
15  telescopic  cans  3  in.  in  diameter  and  3  in.  high 
provided  with  14x34  in.  openings  near  the  top,  cov- 
ered with  rubber  slip  valves,  each  can  having  an  air 
vent  projecting  above  the  water  when  submerged. 
The  cans  were  mounted  on  a  suitable  wooden  frame 
and  lowered  into  the  sand  while  washing,  the  slip 
valves  removed,  thus  obtaining  samples  of  sand  at 
various  depths.  From  these  samples  the  distance 
from  the  top  of  the  wash  water  gutters  to  the  sand 
while  washing,  was  determined  within  3  in.,  and  the 
location  of  mud  balls  as  well  as  the  grading  of  the 
sand  was  shown. 

The  washing  of  a  filter  seems  to  be  largely  a  mat- 
ter of  judgment,  the  rate  being  governed  by  the 
height  to  which  the  sand  grains  rise,  but  this  should 
not  be  high  enough  to  allow  sand  to  overflow  into 
the  gutters.  The  higher  rates  seem  to  produce  the 
best  results  with  a  minimum  quantity  of  water. 

In  the  beginning  a  wash,  if  the  rate  is  high,  vio- 
lent explosive  actions  occur  in  the  bed  due  to  im- 
prisoned air,  which  in  some  cases  tear  large  holes 
in  the  sand,  rolling  the  film  of  mud  together,  pro- 
ducing mud  balls  and  leaving  portions  of  the  bed  un- 
broken. This  condition  was  avoided  by  first  starting 
tJie  wash  at  a  very  low  rate,  about  3  in.  vertical  rise 
per  minute,  and  continuing  until  all  the  air  is  ex- 
pelled. This  method  also  avoids  destructive  ram  ac- 
tion on  the  strainer  system. 


Measurements  of  the  quantity  of  imprisoned  air  in 
a  filter  bed  are  now  under  way;  from  eight  observa- 
tions made  from  June  1  to  10,  1917,  the  average 
quantity  is  approximately  380  cu.  ft.  of  free  air. 

Samples  of  sand  through  a  vertical  section  of  sev- 
eral beds  were  collected  by  driving  two  l^i  in.  angle 
irons  through  the  sand  to  the  gravel  after  draining 
the  bed,  so  as  to  inclose  a  pyramidal  section  which 
could  be  withdrawn  and  trimmed  to  a  uniform  sec- 
tion. These  sections  were  divided  into  several  equal 
lengths  and  washed  clean  in  a  definite  quantity  of 
water,  the  turbidity  of  which  was  proportionate  to 
the  quantity  of  sediment  in  any  vertical  section  of 
the  bed.  It  was  found  that  most  of  the  sediment  was 
in  and  above  the  top  I4  in.  layer  of  sand  and  below 
G  in.  from  the  top,  the  amount  of  sediment  in  the 
sand  remaining  nearly  constant  during  the  whole 
period  of  filtration  and  washing. 

Some  difficulty  was  experienced  by  the  operators 
at  first  in  judging  the  rate  at  which  a  filter  was  being 
washed.  Opening  the  wash  water  valve  a  certain 
amount  did  not  always  give  the  same  quantity  each 
time,  due  to  difference  in  elevation  of  the  water  in 
the  wash-water  tanks, and  also  to  the  frictional  resist- 
ance in  the  bed.  This  led  to  the  installation  of  a  low 
friction  rotary  switch  which  was  operated  by  the 
rocker  arm  of  the  recording  device  on  the  wash-water 
Venturi  meter.  This  switch  controlled  a  current  to 
three  electric  lights  mounted  at  the  south  end  of  the 
plant,  allowing  one  lamp,  a  green  one,  to  light  when 
the  rate  of  wash  was  between  5,000  and  17,000  G.  P. 
M.  and  a  white  lamp  to  light  when  the  rate  was  be- 
tween 16,000  and  20,000  G.P.M.  and  a  red  lamp  to 
light  when  the  rate  was  above  20,000  G.  P.  M.  These 
lamps  can  be  seen  from  any  operating  table  in  the 
plant  and  allows  the  operator  to  wash  any  filter  with 
a  variation  of  not  over  5  per  cent  in  the  rate  of  wash. 
This  device  has  proven  very  satisfactory  and  no  in- 
accuracies of  the  Venturi  meter  have  resulted  from  it. 

The  aluminum  sulphate  used  in  connection  with 
filtration  is  bought  in  bulk,  the  lump  usually  being 
under  2  in.  in  the  greatest  dimension;  it  is  shoveled 
from  the  cars  into  an  elevator  boot  where  it  is  ele- 
vated to  the  top  floor  of  the  head  house,  and  by  means 
of  cross  conveyors  is  dumped  into  any  one  of  six 
hopper  bins.  It  is  taken  from  the  bins  below  through 
vertical  chutes  emptying  into  steel  weighing  buckets 
running  on  a  trolley.  A  definite  weight  is  dumped 
from  these  buckets  into  a  concrete  dissolving  box 
where  it  is  dissolved  by  a  stream  of  water  passing 
through  it  into  storage  tanks  below.  After  dissolv- 
ing the  contents  of  one  dissolving  box  the  tank  under- 
neath is  filled  with  water  to  make  a  definite  per- 
centage solution  of  the  chemical.  From  these  tanks 
the  solution  is  pumped  to  orifice  boxes  at  both  ends 
of  the  filter  plant. 

In  these  orifice  boxes  the  level  of  the  solution 
is  maintained  at  a  constant  head  by  pumping 
a  greater  quantity  than  that  used,  the  overflow  re- 
turning to  the  storage  tanks.  The  opening  of  the  ori- 
fice is  varied  in  size  by  means  of  a  nearly  conical 
plug.  This  plug  on  three  of  the  orifices  at  the  north 
end  is  operated  by  motors  controlled  by  floats  in  tubes 
connected  to  the  two  8  ft.  Venturi  meters,  through 
which  the  water  to  be  filtered  passes,  so  any  ratio  of 
solution  to  the  water  to  be  filtered  is  maintained  au- 
tomatically through  a  wide  variation  in  the  amount 
of  water  passing  the  8  ft.  meters.  The  solution 
from  the  orifices  passes  through  4  in.  Venturi  meters, 
which  record  the  rate  of  flow,  and  is  discharged  into 
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the  water  before  entering  the  mixing  basin  north  of 
the  filter  plant. 

The  solution  from  the  land  controlled  orifice  boxes 
is  discharged  into  the  influent  flume  after  passing 
through  recording  Venturi  meters. 

The  chlorine  is,  at  present,  purchased  in  steel  cyl- 
inders containing  about  100  lb.  of  liquid  chlorine. 
The  chlorine  is  measured  by  four  indicating  rate-of- 
flow  machines  and  goes  into  solution  in  rubber  tow- 
ers filled  with  pumice  stone  by  allowing  water  to 
trickle  down  through  the  tower,  the  gas  discharging 
into  the  bottom  of  the  tower.  The  erosive  action 
of  the  gas  when  moist  is 
very  great  and  a  lot  of  time 
and  care  is  required  to 
maintain  in  proper  condi- 
tion those  metal  parts  of 
the  machine  which  come  in 
contact  with  the  gas.  Chlo- 
rinated oil  from  the  gas 
requires  the  rate-of-flow 
machines  to  be  cleaned 
about  once  a  week. 

The  filter  plant  is  heated 
by  three  150  hp.  boilers  lo- 
cated in  the  head  house. 
The  system  used  is  Web- 
ster's vacuum  system. 
There  are  about  3,200  sq. 
ft.  of  cast  iron  radiators 
and  an  average  tempera- 
ture of  68°  was  maintained 
in  the  plant  when  the  out- 
side temperature  was  6° 
below  zero. 

The  average  costs  for 
labor,  material  and  general 
maintenance  for  the  period 
between  June  1,  1915,  and 
April  1,  1916,  and  the  suc- 
ceeding 12  months  are 
$2.47  and  $2.05,  respec- 
tively, per  1,000,000  gal. 
This  cost  does  not  include 
the  lime  and  iron  used  in 
softening  and  coagulation, 
but  does  include  the  alum- 
inum sulphate  and  chlo- 
rine. 

During  the  year  ending 
April  1,  1916,  1.74  grains  of 
sulphate  of  iron  and  5.57 
grains  of  lime  were  used 
per  gallon  of  water  pumped 
into  the  basins;  during 
the  year  ending  April  1, 
1917,  0.72  grains  of  sul- 
phate of  iron  and  5.23 
grains  of  lime  per  gallon 
were  used,  making  a  total  cost  of  purifying  the  water 
before  adding  the  aluminum  sulphate  at  the  filter 
plant,  for  the  year  ending  April  1,  1916,  $4.37  and  for 
the  year  ending  April  1,  1917,  $3.54  per  1,000.000  gal. 


Overhead  Irrigation  at  the  Sea- 
brook  Farms,  New  Jersey 

The  great  essentials  for  successful  farming  are  soil 
fertility,  proper  cultivation  and  moisture.  At  the 
Seabrook  Farms  at  Bridgeton,  N.  J.,  these  three  es- 
sentials have  been  so  highly  developed  that  in  1916 
the  gross  sales  of  produce  from  a  total  farm  area  of 
600  acres  amounted  to  $212,000.  Five  years  ago  the 
complete  farm  consisted  of  35  acres  and  the  gross 
sales  totaled  $26,000. 

The    distinctive   feature    of   the    intensive    agricul- 


Layout    of    Overhead    Irrigation    System    of    the    Seabrook    Fan 
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A  contract  has  been  executed  between  the  Depart- 
ment of  the  Interior  and  the  Imperial  Laguna  Canal 
Co.,  whereby  some  120,000  acres  of  land  adjoining 
the  Imperial  Valley  in  Southern  California  will  be 
irrigated  by  a  30  mile  canal,  the  supply  being  ob- 
tained from  the  Yuma  Reclamation  Project. 
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tural  methods  employed  at  the  Seabrook  Farms  is  the 
employment  on  a  large  scale  of  the  Skinner  overhead 
system  of  irrigation  by  means  of  which  the  vegeta- 
tion may  be  subjected  at  will  to  a  fine  mist  which  sat- 
urates the  atmosphere  above  the  soil  and  conse- 
quently the  soil  itself.  This  system  of  irrigation  on 
the  farm  about  5  years  ago  covered  only  15  acres,  but 
it  has  proven  so  suitable  that  the  area  covered  by  the 
overhead  piping  has  been  extended  each  year  until 
it  now  serves  182  acres,  making  it  the  largest  instal- 
lation of  the  kind  in  the  world.     A  very  interesting 
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description  of  the  plant  and  general  methods  at  the 
Seabrook  Farms  was  given  by  Mr.  Charles  F.  Sea- 
brook,  president  of  the  Seabrook  Farms  Co.,  in  a 
recent  issue  of  "New  Jersey,"  a  publication  of  the 
New  Jersey  State  Chamber  of  Commerce.  An  abstract 
of  this  article  follows: 

In  growing  of  irrigated  crops  there  are  some  very 
important  matters  that  must  be  taken  into  considera- 
tion. The  building  up  of  the  soil,  for  e.xample,  to  a 
liigh  state  of  fertility  and  the  installation  of  an  irri- 
gation plant  involve  the  investment  of  considerable 
capital  and  as  a  basis  for  success  one  must  first  be 
certain  of  an  ample  supply  of  water.  This  can  be 
obtained  from  a  natural  stream,  a  pond,  artesian 
wells,  or  a  city  water  service.  But,  in  any  case,  en- 
gineering construction  work  is  involved;  and  this, 
with  the  heavy  applications  of  stable  manure  and 
fertilizer,  necessitate  sufficient  resources  to  permit 
of  conducting  such  a  class  of  business  on  a  very 
broad  scale. 

The  investment  necessary  for  such  preparation  as 
adopted  at  the  Seabrook  Farms  as  standard  for  its 
intensive  crops  must  not  be  lost  sight  of.  The  large 
returns,  however,  realized  under  this  method  are 
believed  to  be  chiefly  due  to  the  extensive  use  of 
manures,  the  careful  preparation  of  the  soil  and  the 
presence  of  moisture  when  it  can  be  of  the  most 
benefit.  This  flexibility  provides  for  any  degree  of 
moisture  and  for  any  length  of  time. 

An  acre  of  land  as  prepared  at  the  Farms  repre- 
sents an  investment  in  labor  and  fertilizer  alone  of 
approximately  $600,  and  when  to  this  must  be  added 
the  cost  of  the  irrigation  piping,  which  at  present 
values  will  reach  $200  to  $225  per  acre,  it  will  be 
appreciated  that  intensive  farming  under  this  plan, 
while  almost  certain  of  results,  necessitates  consid- 
erable outlay.  As  against  this  may  be  appropriately 
noted  the  fact  that  as  shown  by  four  successive  sea- 
sons since  this  system  has  been  in  extensive  opera- 
tion the  results  actually  obtained  under  commercial 
conditions,  and  for  the  regular  crops  handled  have 
been  about  as  follows: 

Six  hundred  and  forty  bushels  of  potatoes  per  acre 
have  been  grown  under  irrigation;  whereas  the  av- 
erage yield  without  irrigation  would  be  about  175 
bushels  for  the  same  area.  With  beets  for  the  can- 
nery where  the  tops  are  included  in  the  weight  al- 
lowed, the  yield  per  acre  will  be  about  32  tons  under 
irrigation,  but  without  irrigation  about  one-tenth 
that  amount  is  produced.  Six  hundred  crates  against 
one-third  that  number  per  acre  is  the  yield  expected 
from  celery  under  irrigation. 

Onions  give,  perhaps,  the  most  satisfactory  in- 
crease (with  the  exception  of  cabbage  and  lettuce) 
of  any  of  the  garden  crops;  1,200  bushel  may  be  ex- 
pected with  irrigation  and  300  bushels  without.  Big 
Boston  lettuce  yields  from  40,000  to  50,000  perfect 
heads  to  the  acre  under  water.  This  means  a  spacing 
of  less  than  1  ft.  apart  each  way.  Without  irriga- 
tion, it  is  seldom  possible  to  get  a  uniform  stand  of 
lettuce  and  on  an  acre  without  the  water  we  figure 
the  yield  will  be  20,00  to  25,000  heads.  Considering 
both  quantity  and  quality,  the  yield  from  a  non-irri- 
gated acre  will  represent  a  ratio  of  1  to  5. 

Another  advantage,  which  is  perhaps  creditable  in 
no  small  extent  to  the  irrigation  feature  of  the  plant, 
is  the  increased  rate  of  production  from  any  piece 
of  ground  during  the  growing  season.  The  time 
taken  to  grow  a  particular  crop  is  appreciably  less 
under  irrigation  than  without,  and  this,  of  course, 
permits  a  more  rapid  succession  of  crops. 


In  illustration  of  this  point,  the  methods  of  crop 
rotation  for  a  period  of  say  5  years  would  be,  to  grow 
intensive  garden  truck  such  as  lettuce,  cabbage,  cel- 
ery, potatoes  and  spinach  for  2  years,  followed  with 
strawberries  for  2  years;  then  1  year  of  onions,  beets, 
carrots  or  other  root  crops  which  do  not  require  such 
heavy  applications  of  manure. 

During  the  period  of  growing  intensive  "truck,"  a 
typical  rotation  would  be:  Spinach  planted  in  March 
and  harvested  by  early  May;  early  potatoes  planted 
by  May  10  to  be  harvested  in  time  to  prepare  the 
land  for  celery,  which  would  be  planted  from  Aug. 
15  to  20.  The  celery  would  be  intercropped  with  a 
two-thirds  crop  of  spinach,  or  instead  of  celery  we 
would  plant  lettuce  Aug.  15  to  20,  which  would  be 
off  the  land  in  time  to  plant  a  full  crop  of  spinach 
between  Sept.  25  and  Oct.  1.  This  latter  plan  it  will 
be  noted  gives  four  full  crops  from  the  same  land 
in  one  growing  season. 

As  one  will  readily  imagine  an  almost  endless 
number  of  combinations  of  the  various  crops  and 
their  order  of  planting  may  be  worked  out  in  a  way 
that  will  prove  convenient  and  insure  the  right  crop 
maturing  at  the  right  time  for  the  best  market  re- 
turns. 

As  a  concrete  example  of  the  way  such  a  typical 
intensive  rotation  may  result  when  figured  in  dollars 
and  cents  over  a  period  of  say  three  years,  the  fol- 
lowing actual  returns  received  during  the  years  1914, 
1915  and  1916  from  a  certain  portion  of  the  farm, 
may  be  of  interest. 

Spinach  was  planted  about  the  last  of  February  or 
first  of  March;  this  crop,  which  requires  only  4 
weeks  to  mature  in  the  fall,  takes  from  5  to  6  weeks 
in  the  spring.  It  was,  therefore,  about  April  15  when 
this  first  crop  was  marketed  in  1914,  and  the  yield 
ran  somewhere  between  $100  and  $150  per  acre.  By 
May  10  the  yield  was  cleared  and  planted  to  potatoes, 
which  were  harvested  Aug.  10.  The  yield  in  this 
instance  gave  an  average  figure  of  640  bu.  of  pota- 
toes grown  under  irrigation.  These  potatoes  brought 
70  ct.  per  bushel,  or  very  nearly  $450  per  acre. 

Immediately  after  the  potatoes  were  harvested,  in 
fact  the  same  day,  the  succeeding  operations  of  the 
crop  rotation  followed  without  the  loss  of  an  instant 
of  time;  the  same  field  was  planted  out  in  straw- 
berries and  inter-cropped  with  Romaine,  to  be  cut  in 
October.  The  yield  from  the  latter  was  about  $500 
per  acre,  making  a  total  yield  per  acre  for  that  sea- 
son of  approximately  $1,100. 

The  second  year  the  strawberries  were  harvested 
and  they  yielded  what  is  termed  a  half  crop,  as  this 
is  all  a  fall  planted  strawberry  crop  can  be  expected 
to  supply  the  first  spring  following.  The  value  of 
the  crop  was  $600  per  acre.  To  give  the  strawber- 
ries proper  cultivation  and  care  for  their  full  yield 
in  the  spring  of  the  second  year  after  planting,  which 
would  be  the  third  year  of  this  rotation,  the  neces- 
sary attention  was  given  to  the  crop,  but  no  addi- 
tional crops  were  attempted  from  this  land  during 
that  second  year. 

The  berry  plants  showed  the  benefit  of  this  treat- 
ment and  yielded,  the  following  spring,  a  crop  hav- 
ing a  cash  value  of  $1,300  per  acre.  Following  this 
harvest  the  plants  were  plowed  under  and  the  field 
was  planted  out  in  lettuce,  followed  by  spinach, 
which  latter  was  ready  for  the  market  in  October. 
The  spinach  brought  $150  per  acre  and  the  lettuce 
about  $1,000,  making  a  total  yield  for  that  year  of 
$2,450  per  acre  of  ground,  or  a  total  for  the  3-year 
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rotation  of  approximately  $4,150,  which  averages  bet- 
ter than  $1,380  per  acre  per  year. 

The  engineering  features  of  equipment  on  the  Sea- 
brook  Farms  have  undergone  an  evolution  quite  simi- 
lar to  that  which  has  obtained  in  developing  the  ag- 
ricultural side  of  the  production  problem.  At  the 
start  the  water  supply  consisted  of  an  artesian  well 
which  cost  about  $100.  It  was  merely  an  iron  pipe 
driven  into  the  ground  about  55  ft.  To  this  pipe  was 
coupled,  through  one  suction,  two  5-in.  by  5-in. 
pumps  each  capable  of  delivering  its  water  at  a  pres- 
sure equal  to  a  head  of  from  100  to  150  ft.  These 
two'  pumps  cost  $100,  and  one  was  intended  to  re- 
lieve the  other  as  a  spare.  In  addition,  there  was 
a  kerosene  oil  engine,  the  cost  of  which  was  about 
S300. 

From  this  the  pumping  plant  has  grown  to  its  pres- 
ent capacity  of  3,600  gal.,  from  three  pumping  units 
fed  from  a  reservoir  covering  five  acres.  In  fact,  at 
the  present  time  the  company  is  preparing  to  double 
its  water  resources  to  properly  provide  for  its  in- 
creasing needs.  It  is  contemplated,  however,  that  the 
increased  demand  for  water  distribution  will  require 
the  adoption  of  a  more  flexible  arrangement  of  pump- 
ing facilities  such  as  would  obtain  if  all  the  pump- 
ing units  were  electrically  operated  and  located  at 
the  several  logical  centers  of  distribution  rather  than 
at  one  central  point. 

The  rates  charged  at  present  for  electric  power 
current  range  from  3  ct.  per  kilowatt  hour  maximum 
to  lYi  ct.  minimum,  on  which  latter  basis  the  elec- 
tric current  is  cheaper  to  use  for  pumping  than  is 
the  internal  combustion  engine. 

The  rates  for  current  being  reasonable,  it  is  prob- 
able that  even  with  increasing  growth  of  this  power 
operated  installation  current  will  be  purchased  from 
the  service  company  rather  than  generated  on  the 
farm.  This,  it  is  believed,  will  prove  more  economi- 
cal, since  the  largest  amount  of  water  is  required 
for  the  e.xtensive  field  areas  now  under  irrigation, 
and  this  power  demand  is  substantially  more  at  cer- 
tain seasons  of  the  year  than  others.  This  is  true 
even  though  water  is  liberally  used  in  the  green- 
houses to  force  the  early  spring,  fall  and  winter 
crops.  The  pumping,  therefore,  cannot  be  regarded 
as  uniform  in  its  characteristics  on  account  of  the 
constantly  varying  weather  and  crop  conditions.  This 
ciiTumstance  makes  the  possibilities  of  a  central  gen- 
erating plant  for  the  supply  of  such  pumping  cur- 
rent unattractive,  as  the  equipment  necessary  for 
maximum  demand  would  necessarily  remain  idle 
through  a  large  percentage  of  the  total  time. 

With  the  present  equipment  there  are  available 
one  70-H.P.  kerosene  engine  pumping  unit,  one  50- 
H.P.  electric  motor-driven  pump,  and  one  outfit  that 
may  be  driven  by  a  20-H.P.  tractor.  The  maximum 
demand  for  pumping  power  now  being  100  H.P.,  it 
will  be  seen  that  to  meet  this  condition  properly  it 
is  necessary  to  operate  at  least  the  two  larger  units 
if  not  the  entire  three,  as  it  is  essential  to  have  am- 
ple pumping  capacity  behind  the  water  to  overcome 
pipe  friction  losses,  forcing  the  spray  against  wind 
pressure  or  other  difficulty  that  may  require  power 
to  over-balance.  As  a  general  thing  the  watering 
of  the  crops  can  be  so  accomplished  as  to  suffer  the 
least  possible  inconvenience  from  wind  pressure,  as 
the  local  lengths  of  distribution  pipes  may  be  ro- 
tated on  their  supporting  posts  so  as  to  let  the  spray 
float  along  with  the  wind,  insuring  the  minimum  de- 
mand for  pumping  power  for  a  given  quantity  of 
water  applied. 


A  greater  number  of  pumping  centers  of  smaller 
size  it  is  believed  would  simplify  the  general  piping 
scheme  and  reduce  pipe  friction,  or  to  put  it  in  an- 
other way,  necessitate  smaller  sizes  of  pipes  for  a 
given  loss  in  transmission  of  the  water  from  its 
source  to  its  destination.  By  adopting  individual 
motor  driven  units  the  flexibility  of  such  a  plan  be- 
comes a  maximum.  This  plan  should  reduce  the  cost 
of  the  general  piping  system  and  the  constant  cost 
of  the  power  for  pumping,  which  under  the  present 
conditions  has  been  determined  to  be  about  0.6  H.P. 
per  acre  for  proper  irrigation  under  normal  circum- 
stances. 

The  piping  system  has  gone  through  quite  an  evo- 
lution, improving  each  time  extensions-  were  made; 
the  fundamental  aim  always  being  to  so  proportion 
the  sizes  and  arrange  the  runs  so  that  there  may  be 
as  little  pipe  line  resistance  to  the  water  flow  as  pos- 
sible, and  at  the  same  time  not  involve  excessive  in- 
vestment through  the  selection  of  unnecessarily  large 
pipe  sizes.  To  insure  observance  of  this  important 
factor  the  new  extensions  are  planned  on  a  unit  basis 
which  will  make  possible  the  most  economical  equip- 
ment suitable  for  the  purpose.  This  is  very  impor- 
tant, since  the  piping  system,  especially  at  prevail- 
ing prices,  necessitates  a  large  capital  investment 
and  to  secure  the  greatest  return,  this  item  must  be 
figured  with  care. 

With  the  present  plan  the  main  supply  pipe  from 
the  pumping  plant  to  the  nearest  distributing  center 
consists  of  8-in.  pipe  and  is  about  1,000  ft.  in  length. 
From  this  point  the  sub-mains  are  of  6-in.  pipe  and 
vary  from  2,000  to  3,000  ft.  in  length  and  no  feeder 
pipe  is  of  less  than  4  in.  in  diameter.  All  of  the 
feeder  pipes  are  laid  underground  and  although  be- 
low the  frost  line  they  are  so  installed  as  to  be  self- 
draining  when  the  water  supply  is  shut  off  for  the 
winter  season.  To  appreciate  the  extent  of  this  heavy 
piping  system  it  should  be  noted  that  the  water  has 
to  be  pumped  over  a  mile  to  reach  the  fields  to  be 
irrigated  at  some  portions  of  the  farm.  A  system 
of  "bridging,"  however,  has  been  adopted  whenever 
possible  so  that  the  water  may  have  two  parallel  ave- 
nues of  travel  through  relatively  smaller  pipes  than 
would  be  necessary,  but  each  of  which  has  to  be  in- 
stalled in  any  case  to  reach  the  several  fields  laid 
out  as  they  are  in  different  directions. 

The  distribution  piping  is  entirely  overhead  and  is 
supported  on  sawed  chestnut  posts  cut  9  ft.  long, 
measuring  2i'2  in.  by  4  in.  at  the  top  and  4  in.  by  5 
in.  at  the  butt.  These  posts  are  treated  with  creo- 
sote and  set  in  the  grou/id  from  2^2  ft.  to  3  ft.  The 
pipe  sizes  for  the  distribution  runs  range  from  34  in. 
to  2  in.  in  diameter  and  from  300  ft.  to  600  ft.  in 
length. 

The  average  garden  plot,  according  to  the  stand- 
ards now  used,  measures  50  ft.  by  600  ft.,  and  as  the 
irrigation  piping  is  spaced  50  ft.  apart  the  unit 
lengths  and  sizes  of  pipe  employed  to  make  the  run 
of  the  long  measurement  of  the  plot  has  been  deter- 
mined as  follows:  100  ft.  of  2-in.,  175  ft.  of  li^-in., 
175  ft.  of  lU-in.,  160  ft.  of  1-in.  and  90  ft.  of  %  in. 

As  to  the  quantity  of  water  necessary  to  apply,  this 
varies  largely  according  to  the  crop,  the  condition  of 
the  ground  and  the  weather  or  season.  Those  experi- 
enced in  irrigation  also  differ  somewhat  in  their 
opinion  as  to  this  factor.  It  is  fair  to  say,  however, 
that  this  difference  of  opinion  is  doubtless  accounted 
for  by  the  soil  conditions  which  vary  in  all  localities 
and    naturally    anyone's    opinion    would    lean    in    the 
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direction  which  is  governed  by  the  conditions  with 
which  he  is  most  familiar. 

The  Seabrook  Farms'  practice  is  to  make  liberal 
applications  of  manure  and  use  plenty  of  water  when 
the  crops  will  stand  it,  but,  of  course,  care  has  to  be 
constantly  exercised  in  a  matter  of  this  kind.  In 
building  up  poor  or  new  land,  100  tons  per  acre  of 
stable  manure  in  one  season  have  sometimes  been 
used.  This  may  be  applied  either  in  one  application 
which  would  be  about  4  in.  thick,  or  in,  say,  two  ap- 
plications of  half  the  quantity,  one  early  and  one 
later  in  the  season.  The  standard  application  to 
ground  en  v  hich  the  fast  growing  crops  are  to  be 
raised  is  from  2  to  2^4  in.  and  averages  60  tons  to 
the  acre. 

With  the  soil  enriched  in  this  way  the  amount  of 
water  which  experience  has  shown  to  be  advan- 
tageous to  apply  will  run  from  12  to  20  in.  in  a  grow- 
ing season.  This,  of  course,  is  in  addition  to  the 
regular  rainfall  which  at  Bridgeton  has  for  the  past 
ten  years  averaged  approximately  2.5  in. 

The  maximum  application  will  run  considerably 
over  the  irrigation  requirement  for  an  average  crop. 
Some  of  the  rapid  growing  crops  can  be  greatly  forced 
under  an  abundance  of  water  and  in  a  heavily  ferti- 
lized soil.  Parsley  and  cabbage,  for  example,  will 
lake  a  very  large  amount  of  water  if  the  season  is 
dry.  Cabbage  may  be  watered  in  dry  weather  each 
day  over  a  period  of  two  weeks  and  will  utilize  to 
advantage,  perhaps,  10  in.  of  water  in  that  period. 
The  maximum  quantity  of  water  and  rate  of  applica- 
tion at  any  one  wetting  for  most  crops  will  be  1  in. 
in  12  consecutive  hours. 

In  addition  to  the  other  farm  operations  the  com- 
pany engaged  in  the  growing  of  greenhouse  vege- 
tables on  an  extensive  scale,  and  this  forms  a  very 
important  part  of  its  business.  It  is  a  branch  which 
enables  it  to  utilize  a  considerable  amount  of  labor 
during  the  winter  months  when  the  weather  is  unfit 
to  work  out  of  doors.  By  this  means  it  is  able  to 
keep  a  number  of  men  the  year  through  where  they 
would  otherwise  have  to  lay  them  off  during  the  win- 
ter with  a  strong  possibility  of  losing  their  services 
permanently.  The  greenhouses  also  provide  an  in- 
come at  a  season  when  there  is  not  a  great  deal  to 
sell  in  the  way  of  outdoor  crops. 

The  houses  are  devoted  to  the  growing  of  cucum- 
bers, tomatoes  and  radishes.  These  are  planted  so 
that  the  cucumbers  and  tomato  crops  will  be  at  their 
height  during  the  holiday  season  and  again  in  the 
spring  so  that  these  crops  may  be  harvested  several 
weeks  before  the  same  kind  of  vegetables  mature  in 
the  fields.  During  the  time  between  such  crops  the 
greenhouses  are  planted  in  radishes.  Over  6,000 
dozen  cucumbers  were  recently  gathered  from  a  sin- 
gle crop  in  one  of  these  houses  and  the  receipts  from 
the  crop  amounted  to  approximately  $2,300.  The  re- 
ceipts from  one  crop  of  radishes  in  one  house  alone 
was  $1,600.  This  crop  was  entirely  marketed  within 
eight  weeks  from  the  time  of  sewing  the  seed. 

A  special  feature  of  this  branch  of  the  business, 
and  one  which  is  really  indispensable,  is  that  of  forc- 
ing plants  for  the  field  crops.  The  seed  is  planted 
in  the  greenhouse  and  the  plants  as  soon  as  large 
enough  are  spotted  out  in  flats  and  later  transferred 
to  the  cold  frame  beds  where  they  are  hardened  and 
made  ready  for  transplanting  to  the  field  as  soon  as 
the  weather  permits.  It  is  needless  to  mention  that 
the  surplus  plants  thus  grown  and  which  are  not 
needed  for  use  on  the  farm  provide  a  profitable  rev- 
enue with  practically  no  accompanying  cost. 


Second  Notice  to  Delinquent  Con- 
sumers Reduces  Cutoffs 

By  sending  out  second  notices  of  water  bills  the 
water  works  department  of  Dallas,  Tex.,  has  reduced 
materially  the  number  of  cut-offs  for  failure  to  make 
payments.  The  system  is  described  as  follows  by 
Mr.  A.  C.  Cason,  Water  Works  and  Sewerage  Commis- 
sioner: 

"Upon  completely  metering  the  city,  which  is  now 
100  per  cent  metered,  instead  of  having  the  water  bills 
become  due  on  the  first  of  each  month,  we  divided 
the  city  up  into  six  districts  and  allow  one  district 
to  be  due  on  the  first,  the  next  on  the  fith,  the  next  on 
the  tenth,  etc.  We  were  in  the  habit  of  mailing  out  a 
notice  so  that  they  would  get  it  on  the  day  it  was 
due  or  sooner  and  then  allow  10  days  after  date  be- 
fore we  cut  them  off,  and  if  the  water  bill  was  paid 
before  the  expiration  of  the  10  days  we  would  allow  a 
10  per  cent  discount. 

"Each  one  of  these  districts  had  between  4,000  and 
.5.000  accounts,  and  under  the  old  system  of  one  notice 
we  would  cut  off  from  300  to  500  customers  each 
raonth  in  each  district.  It  occurred  to  us  this  was 
an  unnecessary  expense  and  trouble  to  the  Depart- 
ment, besides  an  inconvenience  to  the  careless  con- 
sumers. We  decided  we  would  evolve  some  manner 
<  f  giving  a  second  notice.  We  finally  decided  that  a 
few  days  before  the  expiration  of  the  time  we  would 


FINAL    NOTICE. 

Your   water   rent   is   delinquent  and  past   due. 
We    will,    in    accordance    with    the    City    Ordinances,    be 
compelled    to   discontinue    service    if   not    paid    on    or   before 


Prompt    payment    will    avoid    inconvenience    to    you    and 
enable  us  to  fender  efficient  service. 

Your   co-operation   in   this   respect   will  be   appreciated. 

M.  C.  MANN. 
Secretary  and  Collector.  Dallas  City  Water  Works. 


Second     Notice    for    Warning     Delinquent    Water    Consumers. 

mail  out  a  second  notice,  a  copy  of  which  I  am  en- 
closing, calling  their  attention  to  the  fact.  We  were 
led  to  this  course  not  only  because  we  believed  it 
would  lighten  the  work  of  the  Department  and  also 
be  beneficial  to  the  consumers,  but  we  also  consid- 
I'red  the  fact  that  the  gas,  electric  light  and  telephone 
companies,  who  were  privately  owned  utilities,  gave 
a  second  notice,  and  because  the  Water  Department 
was  a  municipally  owned  utility  I  did  not  feel  that 
we  were  justified  in  arrogating  to  ourselves  a  mode 
cf  procedure  which  was  not  practiced  by  utilities 
which  were  privately  owned. 

"I  find  that  there  is  a  feeling  among  the  people  that 
where  cities  own  their  own  utilities  they  are  inclined 
to  be  more  dictatorial  and  exacting  than  when  other- 
wise owned.  I  do  not  think  that  any  little  change 
made  in  my  department  during  my  administration 
has  enjoyed  more  favorable  comment  than  this  one. 
The  system  is  just  beginning  to  get  in  good  working 
order,  and  the  greatest  number  of  cut-offs  we  have 
had  in  any  one  district  since  this  new  system  has 
been  installed  has  been  about  150,  as  compared  to 
450  to  550  heretofore.  In  one  very  large  district  last 
month  where  the  cutoffs  had  been  from  300  to  500, 
owing  to  conditions  in  the  months,  the  number  of 
cut-offs  in  this  district  last  month  was  36  and  in  an- 
other equally  as  large  there  were  only  28. 

"I  feel  that  this  departure  has  not  only  been  worth 
while,  from  the  Department's  standpoint,  but  it  has 
had  much  to  do  with  bringing  the  consumers  and  the 
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Department  into  closer  touch  and  a  more  harmonious 
feeling  than  ever  existed  before.  To  illustrate  this 
point — in  two  districts,  which  are  composed  of  the 
Ninth  Ward,  known  as  Oak  Cliff,  we  furnish  them 
with  artesian  water;  the  supply  from  these  wells  is 
only  about  2,000,000  gal.  per  day  and  the  normal  use 
is  only  1,500,000  gal.  per  day.  When  the  drought 
struck  us  in  July,  during  the  sprinkling  hours  the 
water  was  exhausted  faster  than  the  wells  could  fur- 
nish it  for  a  few  hours  each  day.  I  wrote  immediately 
a  letter  to  each  consumer  in  Oak  Cliff  stating  the 
condition  and  dividing  the  ward  in  two  districts,  ask- 
ing one  district  to  stop  sprinkling  at  6  p.  m.  and  the 
other  to  begin  at  6  p.  m.,  and  for  neither  district  to 
infringe  upon  the  other's  hours.  Immediately  upon 
receipt  of  this  letter  the  co-operation  was  so  general 
that  the  trouble  was  relieved  in  one  day,  and  we  have 
had  plenty  of  water  in  this  district  for  all  emergen- 
cies. I  mention  this  to  show  the  hearty  co-operation 
between  the  Department  and  the  people  at  this  time, 
which  has  not  always  so  existed,  and  I  feel  a  good 
deal  of  this  condition  is  owing  to  the  disposition  on 
the  part  of  the  Department  to  run  the  affairs  of  the 
Department  in  the  interest  of  the  people  and  not  to 
f  ssume  a  disposition  to  oppress  the  people  because  the 
Department  had  the  power." 


Method  of  Laying  Submerged 
Gas  Main  in  Winter 

During  the  past  winter  the  Sheboygan  Gas  Light 
Co.  laid  a  gas  pipe  line  across  the  Fox  River  at  Green 
Bay,  Wis.  Steel  pipe,  6  in.  in  diameter  and  weigh- 
ing 19.36  lb.  per  foot  was  used.  The  pipe  was  put 
together  and  lowered  through  the  ice.  The  meth- 
ods employed  were  described  by  Mr.  A.  F.  Davey, 
Sheboygan,  Wis.,  manager  of  the  Sheboygan  Gas 
Light  Co.,  in  a  paper  presented  at  the  16th  annua! 
convention  of  the  Wisconsin  Gas  Association.  The 
following  matter  is  taken  from  Mr.  Davey's  paper: 

The  pipe  was  to  be  connected  up  with  river  sleeves. 
This  is  a  dresser  sleeve  threaded  on  the  inside  with 
gaskets  at  each  end  and  twelve  %-in.  bolts,  six  on 
each  side,  to  draw  the  gaskets  up  tight.  There  is 
no  expansion  in  these  joints.  Each  of  these  sleeves 
weighs  140  lb.  The  rubber  gaskets,  of  triangular 
cross  section,  were  duck  tipped. 

On  the  6th  of  Januai-y,  two  expert  sawyers,  an 
ice  plow,  saws  and  ice  picks,  were  obtained  from 
the  ice  company.  The  course  selected  for  the  main 
was  close  to  the  bridge  and  a  channel  was  cut  for 
taking  soundings.  The  plow  was  used  for  marking 
out  the  trench  on  the  ice.  Two  or  three  cuts  were 
made  with  this  plow,  15  in.  apart.  A  horse  was  used 
for  drawing  the  plow  to  a  point  near  the  channel 
where  the  ice  was  only  6  in.  in  thickness,  where  it 
was  thought  best  not  to  use  it.  Two  sawyers,  one 
on  each  side  of  the  trench,  were  used  to  cut  the  ice 
after  it  was  marked  out  by  the  plow.  A  man  with 
an  ice  pick  followed  them  along,  breaking  the  sawed 
ice  into  3-ft.  lengths  and  pushing  them  under  the 
ice  out  of  the  way.  Three  men  with  a  sounding  bar 
followed  the  sawyers,  taking  soundings  every  2  ft. 
The  rod,  or  sounding  bar,  was  marked  off  into  feet 
and  quarter  feet,  and  was  made  from  li4-in.  pipe. 
One  man  followed  the  sounders,  keeping  the  records. 

The  river  bed  was  found  to  have  a  natural  slope 
from  each  side  toward  the  channel,  at  which  point  it 
was  30  ft.  deep.  The  work  of  sounding  took  about 
eight  hours,  being  finished  at  4  o'clock. 
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At  2  o'clock  in  the  afternoon,  after  three-quarters 
of  the  work  of  sounding  had  been  completed,  the 
wind  came  up  and  blew  across  the  river  at  the  rate 
of  36  miles  per  hour.  The  temperature  dropped  from 
8°  above  to  6°  below.  After  the  work  of  sounding 
had  been  done,  steps  had  to  be  taken  to  protect  the 
skaters  and  men  from  the  coal  docks  who  walked 
across  the  river,  from  the  trench.  A  great  many 
limbs  cut  from  trees  around  the  city  by  the  elec- 
tric department,  that  were  piled  near  the  gas  works, 
were  hauled  to  the  job  and  placed  in  small  holes 
made  in  the  ice  on  the  side  of  the  trench  about  5  ft. 
apart.  These,  with  lanterns  hung  every  5  ft.,  were 
very  effective.  It  was  found  out  afterwards  this 
was  unnecessary,  as  at  6  o'clock  the  ice  on  the  chan- 
nel had  frozen  enough  to  walk  upon. 

The  pipe  had  been  painted  three  coats  of  pipe  paint 
applied  hot  and  had  been  piled  up  at  the  gas  works. 
The  pipe  was  hauled  to  the  river  bank  on  sleighs 
and  placed  upon  an  improvised  sled  made  of  4x4's  and 
one  horse  was  used  to  draw  it  out  in  place,  ready  for 
being  screwed  together. 

The  pipe,  after  being  hauled  out  onto  the  ice,  was 
placed  directly  over  the  trench  where  the  soundings 
were  taken  and  screwed  together,  six  men  being 
used  for  this  work:  one  man  on  the  tongs  and  the 
other  five  men  pulling  on  the  rope  fastened  to  the 
tongs  in  order  to  draw  the  pipes  up  to  the  last  thread. 
After  two  pipes  were  connected,  one  man  followed 
them  putting  in  bolts  and  drawing  them  up.  After 
the  joints  were  tight,  they  were  carefully  gone  over 
again  with  pipe  paint. 

All  the  pipe  was  screwed  together  on  top  of  the  ice 
and  tested  under  20  lb.  of  gas  pressure.  Two  slight 
leaks  in  sleeves  were  found  and  repaired.  The  main 
was  then  tested  again  and  found  tight. 

The  drip  was  installed  over  the  low  spot  in  the 
river  which  had  been  found  when  sounding.  The  6- 
in.  service  clamp  was  placed  onto  the  main  with  a 
lead  gasket.  The  service  clamp  had  a  li'2-in.  opening 
into  which  a  1^2-in.  street  ell  was  inserted  and  the 
drip  pipe  extended  about  100  ft.  east  and  80  ft. 
south  to  the  nearest  bridge  pier. 

It  was  decided  to  start  the  work  on  Sunday  morn- 
ing and  use  yard  men  and  drivers  regularly  employed 
at  the  gas  works.  Four  double  blocks  and  tackle  were 
borrowed  from  the  electric  department  and  placed 
around  the  pipe  and  fastened  to  the  bridge.  A  saw- 
yer on  each  side  of  the  pipe  cut  out  the  trench.  An- 
other man  followed  them  along,  pushing  the  ice  out 
of  the  way.  After  100  ft.  of  trench  had  been  opened, 
that  much  pipe  was  lowered  into  the  river,  the  blocks 
being  moved  from  time  to  time.  At  noon,  after  a  bad 
start,  about  150  ft.  of  pipe  had  been  lowered.  After 
dinner,  work  went  along  in  good  shape. 

On  Monday  morning,  the  work  of  lowering  the  re- 
maining main  and  drip  began.  The  drip  was  fast- 
ened to  the  main  by  strong  wires  and  all  lowered  at 
the  same  time.  Monday  afternoon,  at  about  5  o'clock, 
the  entire  main  was  in  place  in  the  river.  Early  the 
next  day  a  test  was  made.  A  sand  hole  in  one  of 
the  fittings  used  on  the  drip  was  found,  and  there- 
fore repairs  were  made  without  interfering  with  the 
main.  A  30-lb.  test  was  put  on  the  main  at  that  time 
and  found  to  hold  for  four  hours  with  only  a  very 
small  loss  in  pressure.  Nothing  further  was  done 
with  this  main  until  in  April  when  the  ice  was  all 
out  of  the  river. 

The  cost  of  laying  the  river  main  was  15.5  ct.  per 
foot.  The  cost  of  patrolling  and  repairing  the  leaks 
by  a  diver  brought  this  up  to  27.5  ct.  per  foot. 
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A  Page  from  Recent  Waterworks 
Reports 

stratification   of    Aluminate    Sulphate   Solutions. — 

Specific  gravity  determinations  of  the  strength  of  the 
aluminum  sulphate  solutions  as  discharged  from  the 
orifice  boxes  at  the  north  end  of  the  Chain  of  Rocks 
filter  plant  of  St.  Louis,  Mo.,  were  made  last  year,  to 
see  whether  or  not  this  solution  on  standing  in  the 
tanks  has  a  tendency  to  stratify.  In  the  preparation 
of  the  solution,  water  is  allowed  to  flow  over  a 
weighed  quantity  of  dry  crystals  in  dissolving  boxes 
and  after  solution  has  been  effected  fresh  water  is 
added  to  make  it  up  to  the  desired  strength.  This  is 
then  agitated  for  about  20  minutes  by  a  propeller 
on  the  end  of  a  motor  operated  vertical  shaft.  The 
solution  which  may  stand  in  the  tank  for  a  period  of 
from  24  to  72  hours,  depending  on  the  rate  of  use, 
IS  then  drawn  from  the  tank  through  an  opening 
near  the  bottom.  The  samples  for  the  gravity  de- 
terminations were  collected  at  the  outlet  when  the 
solution  in  the  tank  was  at  various  depths.  The  table 
below  shows  that  the  strength  of  the  solution  as  pre- 
pared is  very  close  to  that  intended  and  that  if  strati- 
fication does  occur  on  standing  it  does  not  appreci- 
ably alter  the  strength  during  the  period  of  use. 


table.  The  population  of  the  city  in  1881  was  219,- 
to  receive  and  give  attention  to  complaints,  and  to 
answer  inquiries  regarding  all  departments  of  the 
Board;  and  to  report  accidents  to  proper  depart- 
ments that  they  may  receive  prompt  attention.  Dur- 
ing the  year  1916  the  department  handled  collections 
totaling  $708,357.  The  comparative  costs  of  operat- 
ing the  department  during  the  years  1915  was  as  fol- 
lows: 


Applications,    complaints   and   information 

Opening  and  closing 

Meter   readinjr  and   inspecting 

Accounting   

Billing  

Collecting    

Totals  for  collection  depiirtment   prope 


1915. 

1916. 

No.  of 

No.  of 

accounts. 

accounts. 

51,319. 

53,700. 

E.xpense 

Expen.se 

per 

per 

account. 

account. 

.     $0.1C 

$0  15- 

$1.17 


Operating  E.xpenditures  of  Milwaukee  Water 
Works. — The  following  tabulation  from  the  1916  re- 
port of  H.  P.  Bolemann,  Superintendent  of  Water 
Works,  Milwaukee,  Wis.,  gives  a  summary  of  the  op- 
erating expenditures  for  1916  per  1,000,000  gal. 
pumped : 


Depth  of 
sol'jtion  in 
taniv  at  time 
of  sampling 

ac  cutlet. 


Solution 
strength, 
per  cent. 
(■Intended. 
1  per  cent.) 


ft 1,0711 

7.1  ft 1.0711 

6.0  ft LCMT 

2.7  ft i.osce 

O.G  ft 1.0G12 


Depth  of 

solution  in 

tanii  at  time 

of  sampling 

at  outlet. 


10 


Solution 
strength, 
per  cent. 
(Intended, 
1  per  cent.,1 


ft 2.9676 

ft 2.9862 

ft 2.9709 

ft 2.9280 

ft : 2.9247 

ft 2.9091 

ft 2.9058 

ft. 2.8884 


Classification.  Items. 

General  office  expense   $  15.556.33 

Jliscellaneous  general  expense    2,532.06 

Commercial  expense  57,979.36 

General  stores  expense    3,824.60 

Water  collection   properties    

Purification    6,710.90 

Pumping   (North  Point  pumping  station)...  113,732.69 

Pumping   (Riverside  pumping  station) 40.84 

Repumping  (North  Ave.  and  Tenth  St.  sta- 
tion)      15',059.06 

Transmission  maina,   reservoirs   and   stand- 
pipes  3,654.17 

Distribution    division    50,794.64 

Meter  division   27,142.05 


Per  million 

gals. 

pumped. 


.334 
5.662 
.002 


.1.S2 
2.528 
1.351 


Effect  of  Sanitary  Improvements  on  Death  Rates. — 

The  effect  on  the  death  rate  of  the  installation  of 
sewers,  drainage  systems  and  a  new  water  supply  at 
New    Orleans,    La.,    is    shown    by    the    accompanying 


$297,026.70         $14,783 
Depreciation 96.296.00  4.794 


Total $400,535.09 


EFFECT  OF  SANITARY  IMPROVEMENTS  AT  NEW  ORLEANS,  LA.,  0.\"  DEATH  RATES. 


Year.  sev.  ers. 

1881-1890 

1S91-1900 

1900 

1901 

1902 

1903 

1904 

1905 

1006 * 

1907 325 

1908 3,400 

1909 9,000 

1910 13,800 

ISll 20,100 

1912 28,500 

1913 42,000 

1914 58.000 

1915 67,000 

ran 72,000 

•started    to    co 


Miles  of 
sanitary 
sewers 
in  place. 


115 


'2.000 

•l.'.SOO 
26,000 
36,000 
46.000 
55,000 
64,000 
70.000 
73.000 

^Started. 


160 
224 
273 
302 
322 
353 
393 
426 
462 
477 
486 
496 
•Filtered. 


Miles  of 
water  mains. 

M,  G.  D. 
consumption. 


160 

485 

508 

512 

518-15.7 

530-16.6 

547-19.2 

5'65-22.7 


system. 

Acres  area 

drained. 


Miles  of 

lateral 

storm  drains, 

10  to  30-in. 


20,000 
21,000 
21.000 
21,000 
22,000 
22,000 
22,000 
22.000 
22,000 
22,000 
22,000 
22.000 
23,000 
24.000 
25,000 
25,000 
sewers. 


132 

154 
170 
ISl 
190 
233 
265 


Death  rate 

per  1,000 

per  annum 

from 
all  causes. 
Average. 

2S.6 

27.2 

25.9 

22.2 

22.1 

22.2 

22.2 


22.4 
20.3 
21.4 
20.4 
20.1 
19.8 
20.3 


Deaths  per  100.000 

•per  annum. 

From  From 

malaria.        typhoid. 

Average.       Average 

15G  21 

104  39 


§Started   laying  -water   mair 


II Started   opcrati 


000  and  in  1916  it  was  378,000.  The  increase  from 
1900  to  last  year  was  at  the  rate  of  5,000  to  7,000 
per  year. 


Cost  of  Operating  Collection  Department  of  Water 
Works. — The  Collection  Department  of  the  Sewerage 
and  Water  Board  of  New  Orleans,  La.,  handles  all 
individual  accounts  and  collections,  reads  all  meters, 
writes  and  delivers  bills,  inspects  water  piping  and 
fixtures  in  private  premises  where  bills  appear  to  be 
excessive;  and  maintains  a  complaint  and  informa- 
tion branch,  where  men  are  on  duty  day  and  night 


Water  Consumption  and  Waste  at  Waltham,  Mass. 

— The  average  daily  consumption  of  water  at  Wal- 
tham, Mass.,  during  1916  was  71.2  gal.  per  capita. 
The  maximum  reported  was  95  gal.  in  1912  when 
metering  was  undertaken  in  serious  earnest.  That 
the  waste  has  been  reduced  since,  is  shovwi  by  the 
following  table  of  average  per  capita  rate  of  use  or 
waste  between  the  hours  of  1  a.  m.  and  4  a.  ra. 


Year 
1912. 
1913 
1914. 
191S. 
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191ff 53 


Per  cent  of  Per  capita 

services  metered.       oer  day. 

18Vi  "     61.3 

25  62.0 

51.0 
4&.3 


43.7 
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Large  Capacity  Deep  Well  Irriga- 
tion Pumping  Installation  in 
Texas  Panhandle 

During  the  last  few  years  many  thousand  acres  of 
land  in  the  Panhandle  of 'Texas  have  been  placed 
under  irrigation.  The  supply  is  obtained  from  deep 
v.ells  by  means  of  pumping  plants,  and  is  distributed 
to  the  fields  through  ditches.  The  first  large  capacity 
deep  well  irrigation  pumping  plant  in  this  territory 
was  installed  in  1910  by  Mr.  D.  L.  McDonald  of  Here- 
ford, Tex.  Since  that  time  he  has  drilled  and  devel- 
oped over  50  large  capacity  wells  in  this  area  and 
installed  the  pumping  machinery  complete.     The  ac- 


justments  so  that  the  farmer  has  nothing  to  do  but 
keep  the  lubricator  filled  with  oil. 

Cooling  water  for  the  engine  is  taken  from  the  dis- 
charge pipe  of  the  pump.  The  circulating  water  is 
discharged  back  into  the  cooling  tank  with  an  over- 
flow into  the  ditch.  This  system  is  very  simple  and 
positive  and  heads  off  all  danger  of  overheating  the 
engine  in  case  the  belt  laces  should  happen  to  break 
with  the  operator  perhaps  out  in  the  field  a  mile 
away.  The  cooling  tank  has  a  capacity  of  400  gal. 
The  fuel  oil  tank  for  the  engine  is  placed  ahead  of 
the  engine  on  top  of  the  ground.  This  avoids  the 
use  of  check  valves  which  has  been  found  by  experi- 
ence to  be  troublesome.  This  system  allows  the  oil 
to  flow  to  fuel  pump  by  gravity.     Oil  from  the  big 


Operations    for    Developing    a    1,500    Gal.    per    Minute     Irrigation      Supply   from    Deep   Well. 
(1)  Drilling   well.      (2)    Installing   pump.      (3)    Developing  well    by    pumping    out    sand    (50    carloads    of    sand    were    taken    out    o£ 
this   well).      (4)    Permanent    engine    installed    and    well   discharging    1,500    gal.    per    minute.      (5)    Installation    housed    and    completed; 
derrick  left  standing  for  use  in  making  repairs  or  changes. 


companying  illustration  shows  the  various  stages  of 
one   of  these   installations. 

The  equipment  for  this  plant  consists  of  a  24-in. 
American  pitless  deep  well  turbine  centrifugal  pump 
driven  by  a  Bessemer  oil  engine.  All  machinery' 
is  installed  on  good  concrete  foundations,  which 
is  very  important.  The  belt  centers  are  30  ft.  The 
lubrication  over  the  entire  plant  is  mechanical.  The 
engine  lubricator  is  ordered  with  two  extra  connec- 
tions over  the  requirements  of  the  engine  and  run 
to  the  pump.  One  is  for  the  roller  bearing  in  the 
pulley  and  the  other  to  oil  the  shaft.  This  feature 
insures   proper   lubrication   and   removes   all   oil   ad- 


tank  is  pumped  into  the  small  auxiliary  tank,  elevated 
above  the  large  ground  tank.  This  also  avoids  the 
use  of  a  check  valve  and  feeds  the  engine  b.v  grav- 
ity. Another  feature  of  this  arrangement  is  that  the 
fuel  pump  is  driven  from  a  pulley  on  the  end  of  the 
circulating  pump  shaft  and  any  time  the  circulating 
pump  is  not  working  the  fuel  pump  stops.  In  case 
the  circulating  pump  belt  breaks  the  fuel  pumps  stop 
and  the  engine  stops  automatically  in  3  or  4  minutes 
which  avoids  overheating. 


San  Francisco,  Cal.,  is  calling  for  bids  for  construc- 
tion of  a  water  supply  tunnel  to  cost  |6, 000, 000. 
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Cost  of  Chemicals  for  Chain  of 
Rocks  Filter  Plant 

Some  interesting  data  on  the  cost  of  chemicals 
used  at  the  Chain  of  Rocks  filtration  plant  of  St. 
Louis,  Mo.,  are  given  by  Mr.  August  V.  Graf,  Chem- 
ist in  charge  of  purification  work,  in  the  anual  re- 
port of  Edward  S.  Wall,  Water  Commissioner  of  St. 
Louis,  for  the  year  ending  April  1,  1917.  Extracts 
from  this  report  follow: 

During  the  past  year,  37,296,000  gal.  of  water  were 
pumped  into  the  basins.  To  this  amount  of  water 
were  added  1910  tons  of  sulphate  of  iron  and  15,924 
tons  of  lime,  or  an  average  of  0.72  grain  per  gallon 
of  the  former  chemical  and  5.23  grains  per  gallon  of 
the  latter. 

To  the  36,815,000  gal.  of  water  filtered  were 
added  1573.5  tons  of  sulphate  of  alumina  and  49,080 
lb.  of  chlorine,  or  an  average  of  0.70  grain  per  gal- 
lon of  the  sulphate  and  1.33  lb.  per  1,000,000  gal. 
of  the  chlorine.  The  aluminum  sulphate  was  added 
before  filtration  and  the  chlorine  after. 

The  yearly  ma.xima,  minima  and  average  of  the 
sulphate  of  iron  and  lime  used  in  grains  per  gallon 
since  the  installation  of  the  process  and  the  total 
quantities  of  lime  and  sulphate  of  iron  used  during 
the  same  period  have  been  as  follows: 

The  average  cost  per  1,000,000  gal.  for  lime  was 
$1.74,  for  sulphate  of  iron  $0.59,  for  sulphate  of 
alumina  $0.78  and  for  chlorine  $0.14.  These  costs 
are  for  chemicals  alone  and  do  not  include  the  cost 
of  handling  or  application.  A  comparison  of  the 
costs  of  the  various  parts  of  the  purification  work 
during  the  past  five  years,  based  on  the  quantity  of 
water  delivered  to  consumers,  is  shown  in  Table  1 : 

The  amount  of  sulphate  of  iron  used  per  gallon 
during  the  past  year  was  less  than  half  the  amount 
used  during  the  previous  year.  The  amounts  of 
lime,  sulphate  of  alumina  and  chlorine  are  also  less. 
The  decrease  in  the  amounts  of  chemicals  used  was 

TABLE   I.— COST  FER  1,000.000    GAL..    BASED  ON   CONSUMP- 
TION. 

Nov..  1915. 

Old  Plant—                      1912-    1913-    1914-  1915-  to  1916- 

1913.     1914.     191.->.  1918.  Apr.,  1916.  1917. 

Lime    $1.73     $1.87     $1.61  $1.70  $1.61  $1.89 

Iron    2.42       1.92       2.02  1.42  .64  .61 

Unloading     12         .11         .10  .OS  .07  OS 

Op'ating.   maintenance 

and  repairs 44         .42         .33  .47  .51  38 

Water,  coal,  oil,  etc. ..        .05        .05         .04  .03  .04  03 

Light  and  power 05         .04         .03  .07  .07  04 

Chemical    work 29         .28         .2."i  .43  .49  3S 

Ba.sin   cleaning 10         .07         .13  .14  .08  12* 

Basin   repairs 10         .07         .12  .03  .03  !oi 

Total,    old    plant 

Filters- 
Aluminum   sulphate... 

Chlorine    

Op'ating,    maintenance 

and    repairs    

Coal,    miscel.    supplies 

and   expenses   

Light  and  power 


$5.19     $4.80     $4.56     $4.37 


$3.54 


$3.54 


.14 


.15 


$5.58 


„Total $6.42         $6.08 

Total   consumption  for 

year  in   millioin  gal.  29,956  30,927  33,971  32,583       13,138       3&  (733 
Cost  of  Chemicals — 
Lime,    per    ton.    aver- 
age  2   contracts $ $4.61     $3.48     $3.65         .  $4  40 

Sulphate    of    iron,    per 

ton    10.00     10.00     10.00     10.00         12.50 

Sulphate  of  aluminum. 

oer  ton <)1  no 

Chlorine,  per  lb 10         .10         .08         .  .  "    isai 

'Water    used    in    basin-cleaning    included    1916-1917       Omitted 
other  years. 

tWater  used   in  filter  plant  operation   included  1916-17      Omit- 
ted  other  years. 

,1  '^nf-'^°^JP''''j'  purification  system  was  not  in  use  until  October 
11,  19]n  The  headmi?  November.  1915-April,  1916.  Is  included  to 
show  the  costs  of  purification  after  the  svstem  was  completed. 
These  figures  are  included  for  the  year  1915-1916 
„,.„  i^'^^i*!?  ^<?ad  of  lime,  iron,  sulphate  of  alumina  and  chlorine 
pre  mcluded  all  charges  connected  with  the  switching  of  these 
wfl  ^"1',,%  '''"°'"  '^"^  interchange  t-ac'-s  at  Bissell's  Point  and 
Humboldt  avenue  to  the  Chain  of  Roclis 
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more  than  great  enough  to  offset  the  increase  in  price 
of  the  chemicals. 

The  sulphate  of  iron,  in  the  form  of  sugar  sul- 
phate, was  furnished  by  the  American  Steel  &  Wire 
Co.  at  a  price  of  $10  per  ton  until  July,  after  which 
the  price  was  $12.50.  The  price  per  ton  had  been 
$10  since  May,   1907. 

Liquid  chlorine,  at  a  price  of  8  ct.  before  Aug. 
1,  1916,  and  13%  ct.  a  pound  after  that  date,  was 
supplied  by  the  Electro  Bleaching  Gas  Co.  The 
chlorine  was  delivered  in  cylinders  containing  100 
lb.  of  liquid. 

Sulphate  of  alumina  was  purchased  under  the 
same  specifications  as  last  year.  Basic  sulphate  of 
alumina  containing  not  less  than  17  per  cent  of  avail- 
able water  soluble  alumina  ALO^,  was  required.  It 
was  furnished  by  the  General  Chemical  Co.  at  a 
price  of  $16.80  per  ton  until  Sept.  1,  1916,  and  $21 
a  ton  after  that  date. 

The  lime  was  furnished  under  two  contracts,  each 
calling  for  a  maximum  of  8,000  tons  delivered  in 
quantities  not  exceeding  200  tons  per  week.  The 
specifications  require  a  lime  containing  85  per  cent 
CaO.  A  bonus  of  V/o  per  cent  of  the  contract  price 
is  given  for  each  1  per  cent  of  CaO  above  the  re- 
quired 85,  and  penalties  are  assessed  for  each  1  per 
cent  of  CaO  less  than  the  required  85,  in  accordance 
with  the  sliding  scale  given  below: 

Less  than  85%  CaO  and  80%  or  more ^^"iSi"*' 

Less  than  S0%   CaO  and  75%  or  more 2" 

Less  than  75%  CaO  and  70%  or  more 3 

Less   than   70%    CaO '.'.'.'.'.'."       5 

No  payment  is  made  for  lime  containing  less  than 
65  per  cent  CaO.  All  lime  was  sampled  as  it  came 
from  the  crushers  after  unloading. 

The  following  is  the  method  in  use  in  the  labora- 
tory for  the  determinations  of  the  water  soluble  cal- 
cium oxide  in  the  quick  lime  furnished  us.  Approxi- 
mately 7  grams  of  lime,  contained  in  a  weighing  bot- 
tle, are  dumped  into  a  liter  flask  containing  500  c.  c. 
of  a  sugar  solution  (160  grams  per  liter).  Caking 
is  prevented  by  causing  a  whirling  of  the  solution 
while  the  sample  is  being  added.  The  flask  is  then 
put  on  a  Camp  shaking  machine  and  shaken  for  30 
minutes.  It  is  then  made  up  to  the  1,000  c.  c.  mark 
with  carbon  dioxide  free  distilled  water,  shaken  by 
hand  and  allowed  to  stand  over  night.  Twenty  cubic 
centimeters  of  this  solution  are  then  titrated  with 
tenth  normal  hydrochloric  acid,  using  phenolphtha- 
lein  as  the  indicator,  and  the  per  cent  of  lime  deter- 
mined. The  addition  of  acid  is  continued  until  the 
first  disappearance  of  the  pink  color.  The  color  re- 
appears in  a  short  time,  but  the  first  disappearance 
is  taken  as  the  end  point. 

The  Glencoe  Lime  &  Cement  Co.,  at  $4.50  a  ton, 
and  the  Mississippi  Sand  Co.,  at  $4.48  a  ton,  hold  the 
contracts  for  the  year  ending  July  1,  1917.  The  aver- 
age price  paid  per  ton  on  all  deliveries  since  July 
from  the  former  has  been  $4.64,  from  the  latter  $4.04, 
from  both  $4.32;  the  average  per  cent  of  lime,  CaO 
present  being  84.3.  During  a  similar  period  last  year 
the  average  price  paid  per  ton  was  $3.65,  the  average 
per  cent  of  lime  being  84.1.  The  contract  prices  were 
$3.84  and  $3.68  per  ton  on  two  requisitions  of  6,000 
tons  each. 

Tests  were  made  to  determine  the  effect  of  limes 
of  varying  percentages  of  CaO  upon  the  amount  of 
lime  that  could  be  slaked  before  the  slaking  tank  had 
to  be  taken  out  of  service.  Seven  tests  were  made 
and  the  results  showed  that  for  every  increase  of  1 
per  cent  in  the  available  CaO,  above  the  lowest  lime 
tested,  an  additional  10  tons  could  be  slaked. 
) 
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Purification     of    Tannery      Wastes  .  ^^^  ^^^'^'  studies   had  proven  that  the   spent  tan 

liquors  were  too  concentrated  to  permit  of  purification 
For  some  time  the  government  has  been  studying      by  filters  operated  at  economical  rates,  and  it  was  nec- 
methods   of  purifying   Industrial   wastes   from  plants  essary  to  utilize  the  reaction  between  the  tannic  acid 
that    were    representative    of    different   industries    in  and  the  excess  lime  in  the  beam  house  and  hair  wash- 
producing  liquid  wastes.    Testing  stations  have  been  ing  wastes  to  obtain  a  mixture  that  would  be  suitable 
operated  at  tanneries  at  Luray,  Va.,  and  at  Cincinnati,  for  treatment  on  filters.    Even  this  combination,  how- 
0.      As  a  result  a  large  amount   of  valuable  infor-  ever,  required  rates  of  filtration  too  slow  to  be  prac- 
mation  has  been  obtained  on  the  purification  of  tan-  tical  for  a  permanent  plant.    Further  studies  at  this 
nery  wastes.    The  results  of  those  tests  are  outlined  time  developed  the  fact  that  by  treating  the  spent  tan 
by  Mr.  H.  B.  Homman,  Sanitary  Chemist  in  charge  of  with  sludge  from  the  lime  vats  its  concentration  could 
field    work,    in    the    July    Journal    of    the    American  be   reduced  about  one-half,  and  the   strength  of  the 
Leather  Chemists'  Association,  from  which  the  matter  combined  beam  house  and  hair  washing  wastes  could 
following  has  been  abstracted:  be    considerably    reduced    by    treatment    with    iron 
Testing  Station  at  Luray,  Va.  (copperas  or  ferrous  sulphate)  at  the  rate  of  10  grains 
The  Deford  Co.  make  butts  for  belting  leather  from  per   gallon.    The   combination    of   these    wastes   thus 
cattle    hides    and    sole    leather    from    the    heads    and  modified  admitted  of  purification  in  a  plant  that  will 
bellies.   Tan  liquor  leached  from  oak  bark  at  the  plant  be  within  the  financial  limits  of  the  average  tannery. 
is  used  in  tanning  the  butts  and  some  chestnut  extract  The  plant  that  was  operated  during  the  latter  part 
for  tanning  the  heads  and  bellies.   No  other  chemicals  c-f  the  tests  included  the  following  tanks  and  filters: 
are  used  except  a  small  amount  of  alkali  and  acid  in  First,  a  storage  tank  for  the  spent  tan  liquor,  7  ft.  by 
bleaching  the  heads  and  bellies.    There  is  no  bating  8  ft.  in  plan  and  2  ft.  deep.   In  this  tank  the  spent  tan 
and  the  liming  process  is  the  ordinary  procedure  of  was  treated  with  lime  sludge,  the  mixture  allowed  to 
most  all  tanneries.    The  unhairing  is  done  entirely  by  settle  and  the  supernatant  added  to  the  beam  house 
machinery     and     the     fleshing     almost     entirely     by  and   hair  washing  wastes.    Second,   a   small    storage 
machines.  tank   of  about   10  cu.   ft.   capacity  for  the   copperas 
The    favorable    situation    of   the    outlets    from    the  solution.  Third,  two  settling  tanks  connected  in  series, 
Deford  tannery  whereby  a  gravity  flow  through  the  each  7  ft.  in  diameter  and  14  ft.  deep.    The  first  of 
test  units  could  be  obtained  and  the  interest  taken  in  these  two  was  of  the  Dortmund  and  the  second  of  the 
the  work  by  the  owners  of  the  tannery  were  the  factors  Imhoff  type.    In  these  tanks  the  solids  were  removed. 
that  determined  the  location  of  the  testing  station  at  Fourth,  two  cinder  filters,  both  5  ft.  square  and  con- 
Luray.   Every  process  in  the  tannery  producing  liquid  taining  7  ft.  and  5  ft.  of  cinders  respectively.    Fifth, 
wastes  had  a  separate  accessible  outlet  and  advantage  a  coke  filter  2  ft.  9  in.  square  containing  5  ft.  of  coke. 
was  taken  of  this  favorable  situation  to  study  each  Si.xth,  four  sand  filters,  one  5  ft.  square  containing  5 
waste  separately  at  first  and  later  to  bring  them  all  tt.  of  sand,  one  3  ft.  square  containing  3I2  ft.  of  sand 
together  in  the  proportion   in  which  they  were   dis-  and  two,  1  ft.  in  diameter,  containing  2  ft.  of  sand, 
charged  from  the  tannery.  Lime   sludge   from   the   unhairing   vats   was   mixed 
Settling  tanks  and  filters  were  installed  on  each  of  with  the  spent  tan  liquor  until  it  was  neutral  and  the 
the   four  principal   outlets   in  the   early   part  of  the  supernatant  mixed  with  the  other  wastes  in  the  pro- 
tests and  the  volume  from  each  outlet  and  the  effect  portions  as  discharged  from  the  tannery.    A  solution 
of  the  treatment   studied  for  one  year.    The   wastes  of  copperas   (ferrous  sulphate)  was  previously  added 
from  each  outlet  may  be  described  as  follows:  First,  to  the  other  wastes  at  the  rate  of  10  grains  per  gallon, 
these  from  the  beam  house,  including  the  spent  lime  and  the  composite  passed  into  settling  tanks  where 
waters,  washings  from  the  beam  house  floors  and  the  it  w-as   retained  for  four  hours.    Here  the  solids   in 
alkali  and  acid  waters  from  the  bleaching  vats.    This  suspension  were  settled  out  and  the  supernatant  ap- 
waste  computed  on  a  basis  of  flow  through  the  entire  pHed  to  the  cinder  and  coke  filters,  and  the  effluents 
tests  was  65,500  gal.  per  day.    Second,  the  water  used  from  these  were  distributed  over  the  sand  beds, 
in  washing  the  lime  out  of  the  hair  removed  by  the  The  results  given  in  Table  I  show  average  analyses 
unhairing   machine.     This   was   23,500   gal.   per    day.  of    each    waste    taken    separately;    of   the    composite 
Third,  the  spent  tan  liquors  from  the  rocker  pits  and  consisting  of  the  different  wastes  previously  treated 
the  wash  water  resulting  from  rinsing  the  hides  when  ''S  already  described  and  mixed  in  proportion  to  their 
removed  from  the  lay-av.ay  yard.    These  wastes  were,  respective  volumes ;  and  analyses  of  the  settling  tank 
in  volume,  7,000  gal.  from  the  rocker  pits  and  7,000  and  filter  effluents. 

gal.  from  the  hide  washing.    Fourth,  a  small  amount  The  effluent  from  the  coke  filter  is  not  included  as 

of  dilute  liquor  from  a  revolving  drum  in  which  the  the  results  obtained  by  it  were  practically  the  same 

heads  were  rinsed,  and  the  water  wrung  out  of  the  as  those  from  the  cinder  filter.    There  was  no  addi- 

heads     and     bellies    by    centrifugal    machine     after  tional    absorption    of   color   or   any   other   advantage 

bleaching.  found  in  the  coke  to  justify  the  additional  cost  of  the 

The  Government  is  interested  not  only  in  developing  material.     The    sand    filters    also    gave    such    similar 

methods  of  purification,  but  in  assisting  the  manufact-  results  in  spite  of  the  differences  in  depth  that  the 

urers    in    saving    material    escaping    in    their    liquid  one  given  in  the  table  is  thoroughly  representative. 

wastes  and  making  actual  demonstration  of  the  fer-      

tilizing  value  of  the  solids  removed  by  the  settling  '^-^'^v?sfe^''vT''TOFT'5;^^^™#Y''oV\HE^^^ 

tanks.    Therefore,  during  the  early  part  of  the  tests  leather  comfaxy.   luray,   va. 

each  waste  was  studied  separately  but  later  when  the  ^ Nitrogen  as ^ 

volume  and  chemical  composition  of  each  had  been  ,         Organic                                Oxygen 

,.           .,                 ..            J-           ,                            ,,.             ,,  busp.         and                                              consumed 

determined   a    portion    of   each   one   was    delivered    to    a  Source.                         solids.  Free  am.  Xllrites.  Nitrates.  30— 9fiOC. 

central  point  where  the  principal  devices  were  located  Hatr^'wISh*^. .'.■.".■.■.;!      900          '.'.          '.'.'.'.          '.'.'.'.             200 

and  the  tests  continued  bv  mixing  the  different  com-  spent  tan  liquor....    1.100         ^.          ....          ....         13.000 

,.,.,,.  .  ,  .       ,.  „       Composite     1,200  lO  900 

ponents  and  treating  them  in  various  combinations  of  Effluent  set.  tank..      450         -iS          ....          ....             530 

settling  tanks  and  filters.  ISiJI^if  sTn^fii^l^r^!      IS         U         S;?l         asiS             II 
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Under  suspended  matter  it  will  be  observed  that  Testing  Station  at  Hafifner  Bros.'  Tannery, 

the  amount  in  the  composite  waste  is  greater  than  that  Cincinnati,  O. 

in  any  of  the  individual  wastes.    This  is  due  to  the  ^(.  ^.j^g  Haffner  Bros.'   Tannery  harness  leather  is 

fact  the  copperas  which  was  added  formed  precipi-  ^ade   from   cow   hides.    The    process    of   tanning    is 

tates  by  its  reaction  with  the  various  wastes  and  thus  similar  to  the  method  used  at  the  Deford  Co.,  both 

increased  the   suspended  matter.    Under  the   oxygen  companies   using  the  e.xtract  from  oak  bark  leached 

consumed    column    it   will    also   be    noticed    that   the  ^^^^  ^^^  ^j^g  tanneries.    At  both  places  a  small  amount 

analysis    of    the    composite    mixture    shows    a    lower  ^^  commercial  extract  is  used  but  the  quantity  is  small 

result  than  would  be  expected  considering  the  ratio  compared  to  the  total  amount  of  tan  liquor  required, 

in   which  the   different  wastes  were  mixed.    This   is  ^  g^^^jj  a^nount  of  bate  is  used  at  Haffner  Bros,  and 

due  to  the  fact  the  analysis  given  for  the  spent  tan  (here   are  other  minor  differences  in  the  process  of 

liquor  in  the  table  was  obtained  from  the  average  of  tanning  at  this  tannery  not  employed  at  Luray,  but 

samples   as   discharged   from  the   tannery   while  the  ^j^^  essential  features  are  the  same,   particularly  as 

spent   tan   liquor  mixed   with   the   other  wastes   was  ^j^^y  reier  to  the  wastes  produced.    While  the  same 

treated  with  lime  sludge  which  reduced  the  concen-  ^.^^  products  are  used  at  the  two  tanneries  and  the 

tration  from  30  to  50  per  cent.  process  of  manufacturing  is  practically  the  same,  the 

The  analysis  of  the  sand  filter  effluent  shows  that  impression  among  tanners  is  that  more  water  is  re- 

by  the  treatment  as  a  whole  the  suspended  matter  was  q^ij-ed  in  making  harness  leather  and  that  the  tannic 

reduced  from   1,200  in  the  composite  mixture  to   30  ^^^^  ^^  ^^^  liquors  can  be  used  up  to  a  greater  extent 

parts  per  1,000,000,  the  nitrogen  from  70  to  25,  the  ^y^^^  j^  practical  in  making  belting  or  sole  leather, 

oxygen  consumed  from  900  to  55  and  nitrification  de-  rpj^^  ^^^^  obtained  on  these  points,  as  given  later  on 

veloped  to  the  extent  of  23  parts  per  1,000,000.    The  ^^  ^^-^^  paper  would  tend  to  bear  out  this  impression 

rates  corresponding  to  the  period  covered  by  the  table  regarding  the  spent  tan  liquors,  but  the  other  wastes 

were  250,000  and  200,000  gal.  per  acre  per  day  for  the  ^^.^^^  practically  the  same  at  both  tanneries, 
cinder  and  sand  filters,  respectively.    No  odors  devel-  rj,^^  purpose  of  making  the  study  in  Cincinnati  was 

oped  in  the  samples;  after  storage  in  a  warm  room  for  ^^  j^^^.^^  whether  tanneries  in  different  localities  using 

10  days,  there  was  only  a  slight  color  and  fish  (min-  ^j^^   ^^^^  ^^^^  ^^  raw  material   and   essentially   the 

nows  and  sunfish)  were  able  to  live  in  it  for  more  than  ^^^^^  method  of  manufacture  but  turning  out  different 

a  month.  .  kinds  of  leather,  produce  wastes  of  different  character, 

The  sludge  or  the  solids  that  accumulated  in  the  ^^^^^^  j^  ^^^  ^^^^^^  changes  in  the  design  of  the  purifica- 

settling  tank  was  made  up  from  the  suspended  matter  ^-^^^  plants  would  be  required.    The  testing  station, 

that  came  from  the  tannery  through  the  beam  house  therefore,   that   was    designed   for  this   study   was   a 

and    hair    washing    outlets,    together    with    the    iron  duplicate  of  the  plant  operated  at  Luray,  Va.,  during 

precipitate  resulting  from  the  reaction  of  the  copperas  ^-^^  latter  part  of  the  work  when  a  satisfactory  effluent 

added  to  the  various  wastes.    To  this  must  also  be  ^^,^g  obtained. 

added  the  sludge  resulting  from  the  reaction  between  ^   g^^p    ^^^   engine   direct  connected  to   a  2y2-in. 

the  spent  tan  liquor  and  the  lime  sludge.   It  was  black  centrifugal  pump  was  installed  for  raising  the  wastes 

in  color,  had  but  little  odor,  contained  some  hair,  was  ^^  ^-^^  measuring  boxes.   The  spent  tan  liquor  was  dis- 

finely  divided  and  flowed  readily  through  a  4-inch  pipe,  (^^jjgj.ged  in  the  morning  before  the  other  wastes  began 

It  dried  out  to  a  spadable  condition  in  about  10  days  ^^  ^^^  ^^  that  a  storage  tank  14  ft.  by  2  ft.  by  4  ft. 

when  applied  to  a  depth  of  10  inches  over  a  bed  of  fine  ^^^^  ^^^  tj^^  tan  liquors  was  required.    Two  settling 

cinders    1    foot    deep.     The    amount    of    dry    sludge  tanks,  each  6  ft.  by  12  ft.  deep  were  designed  to  study 

(100°  C.)  was  7.3  tons  per  1,000,000  gal.  of  waste  or  82  different  periods  of  sedimentation  and  there  were  four 

cu.  yd.  per  1,000,000  gal.  with  90  per  cent  water  as  ^jters,  two  primary,  one  of  cinders  and  one  of  coke, 

drawn  from  the  tanks.  and  two  sand  filters,  one  to  receive  the  effluent  from 

The  fertilizing  ingredients  on  a  dry  basis  (100°  C.)  the  coke  and  the  other  from  the  cinders.    All  of  the 

consisted  mainly  of  the  nitrogen,  2  per  cent,  and  lime  filters  were  5  ft.   deep.    The  cinders  and  coke  were 

as  calcium  oxide,  18  per  cent.    The  other  constituents  washed  to  remove  the  dirt  and  fine  particles  and  the 

ordinarily  found  in  fertilizer  were:  Potassium  as  K.O,  j^nd  was  the  ordinary  river  sand  used  in  the  city  for 

0.3  per  cent;  phosphates  as  P:.0=,  0.53  per  cent.   Grease  concrete  work.    It  was  fairly  coarse,  free  of  clay  or 

(ether  soluble  matter)  constituted  1.4  per  cent.    From  iQjjm  and  of  good  hard  material. 

the  figures  given  above  it  is  obvious  that  the  nitrogen  j\^q  spent  tan  liquor  was  measured  in  the  tannery 

and  lime  are  the  only  compounds  of  any  particular  while  being  discharged  from  the  vats  and  a  portion 

value  as  a  fertilizer  although  the  entire  mix-ture  had  pumped  to  the  storage  tank  to  be  discharged  into  the 

a  tendency  to  loosen  up  heavy  soil  and  form  humus  settling  tank  with  the  other  wastes  in  the  same  pro- 

and  to  that  extent  would  be  valuable  to  the  soil.   Tests  portion  the  volume  of  this  waste  bore  to  the  other 

carried  out   using  this   material   on   corn  planted  in  wastes.    The  general  wastes  were  measured  every  30 

clay  ground  showed  decidedly  better  growth  in  the  minutes     by  a  weir  placed  on  the  main  outlet  sewer 

fertilized    hills    and    the    same    was   true    with    oats,  fj-om  the  tannery. 

wheat  and  beans,  but  the  test  plots  were  small  and 

located   in  unfavorable  places  so  that  the  grain  did  t.vbleh    number  of  gai.^^^^ 

not  mature.    The  Deford  Co.  has  used  the  solids  from  fer  ^^^^^^^^g  ^^  the  two  tanneries. 

the  beam  house  and  hair  washing  wastes  removed  by  ^ype  of  ^"^"fntT^f     rSc^"rfati^ohio 

a  pond  in  which  these  are  settled  for  several  years  in  waste.  Gallons  per 'dYy."^-      ^'"'='""^"'  "     ' 

fertilizing  the  land  on  their  farm  and  the  results  have  Beam  house   |5.500  ^^  nofv-ash  hair. 

been  very  satisfactory  as  they  are  now  raising  better  §p%nt  tan  .::: :'.::: '. "■"oo  J;?^ 

and  more  grain  on  their  land  than  is  grown  on  any  ^^^^^  los.ooo  55,500 

ether  land  adjoining.    The  sludge  from  the  settling  ■  Gallons  per  wde.  ^^^ 

tank  of  the  testing  station  was  a  better  fertilizer  than  g|??V°^h    :  i :::::::::::: :  85  Do  not  wash  hair 

that   collected    in   the   settling  pond   as   it   was   well  spent  .tan  ■J_  '_ 

digested,  better  mixed,  and  more  finely  divided.  Total   37B  333 
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In  Table  II  are  given  the  volumes  of  wastes  pro- 
duced by  the  various  operations  in  the  two  tanneries 
studied,  first,  on  a  daily  basis  and,  second,  on  the  basis 
of  the  number  of  hides  tanned.  At  the  Deford  Co.'s 
plant  where  the  average  number  of  hides  tanned  per 
day  was  275  and  the  hair  was  washed,  the  average 
total  flow  was  103,000  gal.  and  the  amount  per  hide  was 
376  gal.  At  Haffner  Bros,  where  167  hides  were  tanned 
per  day  and  there  were  no  hair  washing  wastes  except 
from  the  dehairing  machine  the  total  amount  dis- 
charged per  day  was  55,500  gal.  and  the  amount  per 
hide  333  gal.  Deducting  the  hair  washing  wastes  from 
the  Luray  totals  and  those  from  the  dehairing  ma- 
chine, which  are  included  in  the  beam  house  wastes, 
from  the  Haffner  Bros,  results,  the  volume  of  beam 
house  and  spent  tan  wastes  per  hide  becomes  291  gal. 
and  289  gal.  for  the  Luray  and  Cincinnati  tanneries, 
respectively.  The  amount  of  tan  liquor  used  per  hide 
at  the  latter  place  was  only  17  gal.,  while  at  Luray  it 
was  51  gal.  In  a  survey  made  by  engineers  of  the 
United  States  Public  Health  Service  it  was  found  that 
for  six  large  tanneries  the  total  wastes  discharged  per 
hide  tanned  was  270  gal.  and  the  amount  of  spent  tan 
20  gal. 

In  the  operation  of  the  test  units  the  spent  tar 
liquor  was  pumped  to  the  storage  tank  in  the  morning 
at  the  time  when  it  was  discharged  from  the  tannery. 
From  this  tank  it  was  added  in  proper  proportion  to 
the  beam  house  waste  which  was  pumped  continuously 
throughout  the  day  to  a  weir  box  in  which  the  volume 
to  be  treated  in  the  tanks  was  controlled.  The  mixed 
wastes  leaving  the  weir  box  received  the  copperas  and 
passed  through  the  two  settling  tanks,  the  first  of  the 
Dortmund  and  the  second  of  the  Imhoff  type.  These 
tanks  afforded  a  computed  detention  period,  based  on 
total  displacement  of  4  hours  to  30  minutes. 

From  the  tanks  a  portion  of  the  wastes  was  taken 
to  an  orifice  box  above  the  filters  and  the  excess 
wasted.  The  cinder  and  coke  filters  received  measured 
volumes  from  this  orifice  box  and  the  effluents  from 
these  filters  were  applied  to  the  two  sand  filters,  each 
one  receiving  the  entire  effluent  from  one  of  the 
primary  filters. 

The  suspended  solids  do  not  show  the  same  varia- 
tion in  the  composite  sample  as  was  pointed  out  in 
the  discussion  of  this  determination  in  the  results 
from  the  Deford  Tannery.  This  was  due  to  the  fact 
that  the  spent  tan  liquors  were  practically  neutral 
when  discharged  and  it  was  unnecessary  to  add  lime 
sludge  to  them  and  the  iron  added  combined  with  the 
small  amount  of  tannic  acid,  forming  iron  tannate 
which  was  not  removed  by  the  method  of  determining 
the  suspended  matter.  As  the  spent  tan  liquors  were 
not  treated  before  entering  the  other  wastes  the 
oxygen  consumed  value  for  the  composite  sample  is 
the  same  as  that  computed  from  the  analysis  of  the 
separate  wastes. 

TABLE  III— ANALYSES  OF  R.\W  AND  TREATED  WASTES 
AT  THE  HAFFNER  BROS.  TANNERY,  CINCINNATI,  O. 

— Nitrogen  as—,  r: 


big 


Source.  'J. 

Beam  house    1.450 

Spent    tan    liquor 900 

Composite     1,430 

Effluent   set.    tank 380 

Effluent    cinder   filter 120 

Effluent    sand    filter 1-J 


100 

soo 

60 
100 

3.900 
1,000 

700 

30 

SOS 

13 

0.4 

0 

s.=; 
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TABLE  IV— VOLUME  AND  COMPOSITION  OF  SLUDGE  FROM 

MIXED  TANNERY  V^'ASTES,  AND  AN  ANALYSIS 

OF    HORSE  MANURE. 

Deford      Haftner 
Leather  Co.   Bros.        Horse 
Luray,  Va.  Cin..  O.   manure. 
Cu.    yd.    per   mil.    gal.    at   90    per    cent. 

moist    S2.0  63.0 

Tons   per  mil.   gal.   dry  solids 7.3  5.5 

Total   orgatiic   nitrogen — per  cent 2.1  l.S  0.70 

Ether  soluble  matter   (fats) — per  cent..       1.4  1.0 

Phosphate  as  PjOe— per  cent 0.S3  1,0  0.11 

Potassium  as  K..O— per  cent 0.29  0.32  0.63 

Calcium   as    CaO — per  cent IS.O  26.0 

As  in  the  test  at  Luray,  it  was  found  that  the  cinder 
and  coke  filters  gave  practically  identical  results,  and 
for  this  reason  the  results  from  only  the  one  set  of 
filters  are  recorded.  Under  the  circumstances  the 
cinders  are  the  logical  filtering  media.  The  effluent 
from  the  sand  filter  was  practically  free  from  sus- 
pended solids.  The  nitrogen  and  oxygen  consumed 
were  reduced  to  13  and  85  parts  per  million  respec- 
tively and  nitrification  developed  to  10  parts  per 
million.  During  the  period  covered  the  rates  on  both 
filters  were  200,000  gal.  per  acre  per  day.  No  odors 
developed  in  samples  of  the  effluent  of  the  sand  filter 
after  a  10-day  storage  at  20°  C,  the  color  was  reduced 
to  that  of  weak  tea,  and  fish  life  was  supported  for 
over  two  months. 

The  suspended  matter  removed  from  the  wastes  by 
the  settling  tanks  and  referred  to  in  the  text  and 
tables  as  sludge  was  considerably  more  at  Luray  than 
at  Haffner  Bros.  This  was  due  to  the  large  amount 
of  solids  precipitated  by  the  reaction  between  the 
spent  tan  liquor  and  lime  sludge,  which  has  been  in- 
cluded in  the  table.  This  treament  it  will  be  remem- 
bered was  not  used  at  Haffner  Bros.  The  following 
table  gives  the  volumes  and  analyses  of  the  sludge 
accumulated  at  the  two  tanneries  and  for  comparison 
and  analysis  of  horse  manure. 

With  the  exception  of  the  phosphates  which  was 
about  twice  as  high  at  Haffner  Bros,  as  at  Luray,  the 
sludges  at  the  two  tanneries  analyze  about  the  same. 
The  nitrogen  and  fats  are  slightly  higher  at  Luray 
and  the  calcium  higher  at  Haffner  Bros.,  but  the  dif- 
ferences are  not  great.  As  compared  with  the  horse 
manure  the  sludges  from  both  tanneries  contain  more 
of  each  fertilizing  ingredient  with  the  exception  of 
the  one  constituent,  potassium. 

Disposal  of  Sludge. 

The  same  method  for  drying  the  sludge  was  adopted 
at  both  the  testing  stations.  Shallow  filter  beds  were 
excavated  with  the  bottom  sloping  to  a  central  drain 
and  filled  with  1  ft.  of  cinders  with  a  4-in.  layer  of 
sand  on  the  surface.  When  the  sludge  was  applied  in 
quantities  not  to  exceed  12  in.  in  depth  over  the  sur- 
face the  sludge  dried  to  a  spadable  condition  in  about 
10  days  of  clear  warm  weather.  During  very  wet  and 
very  cold  weather  the  time  required  for  drying  was 
longer  but  at  the  extremes  not  more  than  one  month 
was  required.  There  was  no  offensive  odor  near  the 
beds  and  there  was  no  difficulty  in  removing  the 
sludge  with  shovels.  After  accumulating  in  large  piles 
when  removed  from  the  beds  the  sludge  did  not  be- 
come offensive,  did  not  become  soaked  up  with  water 
after  heavy  rains  and  there  was  no  reasons  why  it 
could  not  be  stored  in  piles  near  the  filter  beds  until 
it  would  be  convenient  to  haul  it  away  either  to  be 
used  as  a  fertilizer  or  for  filling  low  ground. 

No  field  tests  were  made  to  determine  the  fertilizing 
qualities  of  the  sludge  from  the  Haffner  Bros.  Tan- 
nery. However,  from  the  analyses  and  the  results 
obtained  by  the  Deford  Co.  using  the  solids  from  their 
settling  ponds  in  increasing  the  fertility  of  their  land, 
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there  can  be  no  doubt  that  this  material  has  consider- 
able fertilizing  value,  particularly  for  land  deficient 
in  lime.  Since  it  is  profitable  to  ship  manure  from  the 
cities  to  the  country  for  fertilizing  land,  tannery 
sludge  with  the  lime  present  and  containing  twice  as 
much  nitrogen  as  manure  ought  to  be  worth  at  least  as 
much  as  manure  and  there  ought  to  be  no  difficulty  in 
disposing  of  this  sludge  for  fertilizer. 

If  it  is  necessary  to  dispose  of  the  dried  sludge  for 
filling  in  low  ground  it  will  probably  be  advisable  to 
mix  the  cinders  from  the  boilers  with  the  sludge  to 
facilitate  further  drying.  Underdrainage  should  also 
be  provided  to  prevent  the  storage  of  rain  water  in 
the  sludge. 

Conclusions. 

As  a  result  of  the  tests  at  Luray  three  tanneries  in 
Virginia,  the  Deford  Co.  of  Luray,  the  Lease  & 
McVitty  Co.  of  Salem,  and  Cover  &  Sons  of  Elkton, 
were  sufficiently  interested  in  the  purification  of  their 
wastes  to  contribute  enough  money  to  build  a  plant 
to  test  out  on  a  large  scale  the  results  obtained  in 
the  smaller  units.  Plans  were  prepared  for  this  plant, 
and  construction  was  started  March  .5th. 

This  plant  will  treat  10,000  gal.  per  day  and  In  its 
design  advantage  was  taken  not  only  of  the  informa- 
tion gathered  at  the  testing  station  operated  at  Luray, 
but  also  the  further  experience  gained  from  the  tests 
conducted  at  Cincinnati. 

The  conclusions  reached  in  these  tests  and  their 
practical  adaptation  in  this  larger  unit  may  be  briefly 
summarized  as  follows:  First,  a  storage  tank  for  spent 
tan  liquor  to  be  used,  also  for  treatment  of  this  liquor 
with  lime  sludge  if  it  is  strongly  acid.  As  it  is  cus- 
tomary to  discharge  tan  liquor  intermittently  or  but 
once  a  day,  this  tank  is  required  to  distribute  the 
flow  throughout  the  day.  For  the  10,000  gal.  plant  at 
Luray  duplicate  tanks  each  10  ft.  by  6  ft.  in  plan  and 
3^2  ft.  deep  with  dosing  appliances  are  provided.  Sec- 
ond, solution  tank  for  the  ferrous  sulphate  (copperas) 
solution.  These  tanks  are  in  duplicate,  each  IV2  ft. 
by  2' 2  ft.  in  plan  and  2  ft.  deep  and  have  the  neces- 
sary regulating  devices.  Third,  a  settling  tank  of 
"sufficient  capacity  to  allow  a  minimum  detention 
period  of  2  hours  computed  on  the  displacement  basis. 
The  tank  for  this  purpose  at  Luray  is  20  ft.  long  by  8 
ft.  wide  by  11  ft.  deep  and  contains  baffles  and  scum 
boards  for  holding  back  the  scum.  Fourth,  cinder 
filters  having  a  total  depth  of  5  ft.  of  cinders  or  4  ft. 
exclusive  of  the  underdrains.  At  Luray  this  is  42  ft. 
by  30  ft.  Fifth,  sand  filters.  As  good  results  were 
obtained  with  a  depth  of  sand  of  2  ft.  as  of  5,  the 
sand  filter  at  Luray  42  by  30  ft.  is  divided  into  three 
sections  having  2,  3  and  4  ft.  of  sand  laid  over  under- 
drains which  occupy  a  maximum  of  1  ft.  sloping  to 
zero  at  the  sides.  Separate  outlets  are  provided  for 
each  section  for  taking  samples  and  provisions  were 
made  to  increase  the  depth  of  the  shallow  sections  if 
it  becomes  necessary.  These  filters  as  well  as  the 
cinder  filters  will  operate  at  a  rate  of  200,000  gal. 
per  acre  per  day.'  Sixth,  sludge  beds  with  sloping 
bottoms  containing  1  ft.  of  cinders  overlaid  with  4  in. 
of  sand.  For  a  10,000  gal.  unit  treating  the  type  of 
wastes  produced  at  Luray  an  area  of  about  600  sq.  ft. 
is  required. 

In  the  operation  of  the  testing  units  it  was  found 
that  better  results  were  obtained  by  operating  the 
filters  at  low  rates  throughout  the  24  hours,  rather 
than  applying  the  entire  dose  for  a  given  rate  during 
the  working  day.  In  the  permanent  unit  the  settling 
tank  is  designed  to  store  enough  wastes  during  the 
day  to  operate  the  filters  during  the  14  hours  the  tan- 


nery is  not  in  operation.  During  the  latter  part  of  the 
tests  sand  filters  2"  ft.  deep  gave  as  satisfactory  results 
as  the  deeper  filters,  but  these  filters  were  only  1  ft. 
in  diameter  and  the  results  were  not  directly  com- 
parable. It  seemed  advisable,  however,  to  construct 
the  larger  filter  in  the  permanent  unit  of  three  differ- 
ent depths  to  definitely  decide  this  point. 


Calculations  for  Design  of  Irriga- 
tion Structures 

Formulas  of  flow  for  use  in  calculating  discharge 
through  highgates  of  irrigation  canals  are  given  by 
Mr.  Charles  W.  Helmick,  Helena,  Mont.,  in  the  June 
Transit,  a  publication  of  the  College  of  Applied  Sci- 
ence of  the  University  of  Iowa.  Extracts  from  the 
article  follow: 

In  designing  headworks  for  irrigating  canals  it  is 
frequently  necessary  to  construct  a  low  diversion  dam 
across  the  channel  of  the  river  furnishing  the  water 
supply,  not  for  the  purpose  of  an  impounding  reser- 
voir, but  merely  to  divert  the  water  to  the  intake 
canal. 

If  the  dam  be  a  low  one,  raising  the  water  but  a  few 
feet  above  the  general  river  bed,  and  the  waste  weir 
extend  over  the  greater  part  of  the  channel,  the  drop 
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Calculations. 


from  the  crest  of  the  weir  to  an  apron  below  may  be 
made  in  one  step  so  as  to  break  the  fall,  or  the  drop 
may  be  into  a  water  cushion,  which  is  preferable  when 
such  can  be  economically  constructed. 

The  crest  of  the  weir  should  be  at  the  height  that 
the  water  should  stand  above  the  gates  of  the  intake 
canal  to  provide  the  maximum  volume  that  the  intake 
canal  is  to  carry  to  the  impounding  reservoir  or  to 
the  lands  to  be  irrigated,  for  in  many  cases  the  low 
water  flow  will  be  found  to  have  been  acquired  by 
prior  appropriators,  and  only  the  flood  waters,  supple- 
mented by  what  water  can  be  obtained  from  the  river 
rthen  its  water  is  not  otherwise  being  used,  will  be 
found  to  be  available  for  the  new  project. 

The  prior  rights  will  therefore  necessarily  have  to 
be  first  provided  for,  and  gates  of  ample  capacity  lead- 
ing downstream  must  be  provided  for  all  such  whose 
diversion  lie  below  the  diversion  weir,  and  as  it  will 
generally  be  found  to  be  more  economical  to  con- 
struct the  headworks  to  the  intake  canal  and  the  gates 
for  prior  appropriations  in  one  structure,  and  in  the 
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location  of  the  canal,  this  idea  should  be  given  due 
consideration. 

The  quantity  of  watei-  required  for  the  prior  rights 
taken  below  the  diversion,  together  with  the  maximum 
as  wanted  through  the  intake  canal,  will  determine 
both  the  number  and  dimensions  of  the  gates  when 
the  head  upon  the  same  shall  have  been  determined. 
Flashboards  may,  however,  be  used  to  increase  this 
head,  but  they  are  difficult  to  operate,  and  the  pref- 
erable plan  will  be  found  to  be  to  increase  the  num- 
ber of  gates  rather  than  to  be  troubled  with  their 
continued  operation. 

Calculations. 

Large  orifice  in  a  thin  plate  and  its  adaption  to  a 
weir  (Fig.  1) : 

Let  the  notation  be  as  shown  in  Fig.  1,  breadth 
being  unity. 


dQ  =    (2g,)     x     dx. ;   integrating,   Q  =  2-3    C2g) 


(h     -h,    ) 
Eq.   (1) 


lfh,  =  0,   then  Q  =  2-3  (2g)     h.     h  Eq.   (2) 

Divide  by  h.  we  have  v  =  2-3  (2g')     h     .  Eq.   (3) 

which  is  the  maximum  mean  velocity  of  the  water  over 
the  weir.  Taking  the  coefficient  of  0.62,  this  will  give 
practically  the  well-known  weir  formula. 

To  find  where  jet  will  strike  the  apron  with  velocity 
from  Equation  3  (Fig.  2) : 


Time  of  falling  through   (s),  t 


(2s)  * 
(g)  i^ 
(2s) 


k  =  V.  t.  =  2-3.    (2g)     .    (h)     .       (2s)   =  4-3.    (s)     .   (h) 

(g)  h 
Eq.  4. 

As  no  coefficient  for  velocity  was  used,  these  results 
are  but  approximate,  but  they  are  probably  sufficiently 
accurate  for  general  work. 

The  apron  must  be  made  wide  enough  to  fully  break 
the  jet  and,  in  practice,  a  wave  will  form  at  the  apron 
which  will  form  a  water  cushion  but  which  will  also 
tend  to  increase  the  scour  below. 

Flow  through  gates. 

Case  L 

Free  flow  from  gate  with  no  back  water. 

2  2  2 

Q  =  2-3  (2g)     .   (h  -h, ).     Eq.  h.  same  as  Eq.  1. 

Case  II. 

Surface  of  water  in  canal,  above  top,  or  at  top  of 
gate. 

Evidently,  the  only  head  producing  flow  is  (h=). 

Q   %    (2g    h,i'    .     (h-h.  I,        Eq^  li. 

Case  III. 

Water  surface  of  canal  higher  than  bottom  of  gate. 

This  is  evidently  a  combination  of  Cases  II  and  I, 
the  flow  through  the  portion  of  the  gate  between  floor 
and  water  surface  corresponding  to  Case  II. 

Q  =  (2g)'    .  (h-hs).    h'  +  2-3  (2g)'    .  (L    -h,     ) 

=  (2g)      [2-3  (h3  -  h,.)    +    (h-ha)     h,     ]   Eq.  7. 

In  the  above  no  account  is  taken  of  the  velocity 
of  approach  in  the  river  channel,  and  this  may  gen- ' 
erally  be  neglected  unless  it  exceeds  2  ft.  per  second, 
as  owing  to  wave  action  the  errors  in  measuring  the 
water  surface  in  the  canal  are  necessarily  large.  No 
coefficient  of  contraction  is  given. 

If  there  be  but  one  opening  to  the  intake  canal  or 
river,  and  this  through  a  broad  face,  it  will  very 
likely  range  about  0.62  to  0.64,  inasmuch  as  there  will 
be  contraction  on  but  three  sides. 


If  there  are  two  or  more  openings  which  are  wide 
compared  with  distances  between  them,  it  will  range 
much  higher,  possibly  0.65  to  0.75,  depending  on  con- 
ditions of  flow  in  the  canal.  Case  III  will  be  found 
to  be  the  one  under  which  measurements  will  gen- 
erally be  made,  but  the  great  difficulty  will  be  in 
measuring  the  distance  h,  even  approximately,  as  the 
velocity  of  the  water  through  the  gate  with  h.  =  2  to 
2.5  ft.  will  approximate  10  ft.  per  second,  which 
causes  violent  wave  action  and  a  piling  up  of  the 
water  below  the  gate  until  the  normal  velocity  in  the 
canal  is  approached. 

Case  I  will  rarely  be  used  in  a  main  canal,  but  it 
may  come  into  use  in  turnouts  to  laterals. 

Case  II  will  be  found  useful  when  there  is  an  abun- 
dance of  water  to  fill  the  canal  to  its  maximum  ca- 
pacity, and  if  a  reasonably  close  measurement  of  h^ 
can  be  obtained  the  velocity  of  approach  in  the  river 
channel  when  it  is  2  ft.  per  second  or  greater  should 
be  considered. 


Pipe  Pusher 

A  machine  that  is  claimed  to  make  a  labor  saving 
of  60  per  cent  to  90  per  cent  in  the  installation  of 
water  and  gas  service's  is  illustrated.  This  pipe  pusher 
is  equipped  with  a  variable  leverage  making  it  pos- 
sible to  adjust  the  speed  of  the  push  to  the  hardness 
of  the  ground.  It  also  can  be  employed  to  pull  out  the 
pipe  without  changing  the  whole  machine  from  end 
to  end.  In  operation  the  pusher  is  fastened  to  the 
bottom  of  the  ditch  or  cellar,  with  %  in.  stakes  driven 


The    Giant    Pipe    Pusher. 

through  the  holes  in  the  bed  plate  of  the  machine. 
The  pipe  is  then  placed  in  the  guides  and  the  gripping 
device  adjusted.  The  operating  lever  is  worked  by  one 
man.  It  is  stated  that  from  150  ft.  to  200  ft.  of  pipe 
can  be  coupled  together  and  pushed  to  place  per  hour, 
working  in  reasonably  hard  ground.  The  machine  is 
built  of  forged  steel.  It  is  30  in.  long.  18  in.  wide  and 
weighs  70  lb.  It  is  manufactured  and  sold  by  Horace 
A.  Brown,  Ottumwa,  la. 


Personals 

O.  Laurgaard  has  been  appointed  City  Engineer  of  Portland, 
Ore.,   succeeding  Philip  H.   Dater,   resigned. 

Andrew  T.  Hansen,  Chief  Deputy  City  Engineer,  has  been 
appointed  City  Engineer  of  Los  Angeles,  Cal.,  succeeding  Homer 
Hamlin. 
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The  Overbreakage  in  the  Catskill 
Aqueduct  Tunnels 

In  tunnel  work  through  rock  there  is  usually  some 
"overbreakage"  beyond  the  "payment  line,"  that  is, 
the  line  within  which  the  quantity  of  excavation  is 
paid  for,  and  outside  of  which  all  e.xcavation  is  done 
at  the  contractor's  e.xpense.  It  is  therefore  important 
both  to  tunnel  engineers  and  to  contractors  not  only 
that  specifications  be  fairly  drawn,  but  that  the  prob- 
able amount  of  "overbreakage"  be  approximately 
known  in  advance. 

In  building  the  Catskill  aqueduct  to  New  York  City 
careful  records  were  kept  of  the  amount  of  overbreak- 
age in  the  different  sections  of  the  49  miles  of  tunnel, 
and  the  specifications  were  so  drawn  as  to  encourage 
the  contractors  to  reduce  the  overbreakage  to  a  mini- 
mum. Before  summarizing  the  data  as  to  overbreak- 
age we  shall  give  a  brief  outline  of  the  spacified  meth- 
od of  determining  the  pay  yardage  both  of  excavation 
and  of  concrete  lining. 

Where  the  tunnel  dipped  below  the  hydraulic  grade 
line  and  there  would  consequently  be  an  internal  pres- 
sure of  water  on  its  walls,  it  was  14  ft.  in  diameter 
inside  the  concrete  lining.  Let  us  call  thi.s  inside  con- 
crete line  (a  circle  14  ft.  diam.)  "the  inside  line."  Par- 
allel to  this  line  and  10  ins.  outside  of  it  is  another 
line  within  which  no  rock  must  project,  and  this  may 
be  called  "the  clearance  line."  Parallel  thereto  and  23 
ins.  outside  of  "the  inside  line"  is  the  "payment  line," 
beyond  which  neither  excavation  nor  concrete  is  paid 
for  at  the  regular  contract  price.  Excavation  beyond 
this  "payment  line"  may  be  called  "overbreakage." 

In  the  Catskill  aqueduct  specifications  it  was  pro- 
vided that  the  contractor  should  be  paid  $2.50  or  $3 
per  cu.  yd.  of  overbreakage  as  compensation  for  both 
this  e.xtra  excavation  and  the  extra  concrete  lining 
necessitated  by  the  overbreakage.  Since  the  contrac- 
tor did  not  furnish  the  cement,  it  was  believed  by  the 
engineers  that  this  payment  for  overbreakage  would 
be  a  fair  compensation  for  any  unavoidable  over- 
breakage,  but  not  so  large  a  compensation  as  to  make 
it  profitable  to  the  contractor.  Between  "the  payment 
line"  and  "the  clearance  line"  there  was  another  line 
that  may  be  called  "the  average  line,"  which  was  15 
in.  outside  "the  inside  line";  and  it  was  specified  that 
the  concrete  in  anv  cross-section  must  average  15  in. 
thick. 

The  above  dimensions  relate  to  the  "pressure  tun- 
nel" sections,  aggregating  35  miles  in  length.  There 
were  14  miles  of  "grade  tunnels"  of  horseshoe  sec- 
tion that  did  not  dip  below  the  hydraulic  grade  line, 
and  the  inside  maximum  dimensions  of  a  "grade  tun- 
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nel"  were  13  ft.  4  in.  across  by  17  ft.  high.  The 
"clearance  line"  of  a  "grade  tunnel"  was  5  to  7  in. 
outside  "the  inside  line";  and  the  "payment  line"  was 
13  in.  outside  the  "clearance  line."  These  lines  relate 
only  to  the  side  walls  and  roof. 

There  was  considerable  variation  as  to  overbreak- 
age, not  only  because  of  difference  in  the  kind  of  rock 
(which  ranged  from  soft  shale  to  tough  granite),  but 
because  of  the  position  of  the  tunnel  with  respect  to 
the  dip  of  the  rock  strata,  also  because  of  the  varia- 
tion in  the  managerial  skill  of  the  different  contrac- 
tors. In  nearly  12  miles  of  tunnels  through  shale  and 
slate,  there  was  no  overbreakage  at  all,  as  the  average 
of  8  contracts;  but  in  fact  the  average  excavation 
fell  half  an  inch  inside  of  "the  payment  line."  One 
contractor  managed  to  average  a  full  inch  inside  "the 
payment  line,"  but  another  contractor  averaged  an 
overbreakage  2^4  in.  outside  "the  payment  line." 

In  four  tunnels  through  limestone,  totaling  about 
114  miles,  the  overbreakage  averaged  1%  in.  outside 
the  payment  line. 

In  19  tunnels  through  granite  and  gneiss,  totaling 
about  8  miles,  the  overbreakage  averaged  3^4  in.  out- 
side the  "payment  line";  but  in  one  900  ft.  tunnel 
there  was  an  average  underbreakage  of  94  in.,  while 
another  tunnel  (7,330  ft.)  the  overbreakage  avei-aged 
5^4  in.  In  this  last  named  tunnel  the  contractor  pur- 
posely excavated  well  beyond  "the  payment  line"  in 
order  to  avoid  the  expense  of  trimming  projecting 
rock.  Moreover  this  gneiss  was  blocky  and  joints 
were  numerous. 

In  10  tunnels  through  Manhattan  schist,  totaling 
about  8V2  miles,  the  average  overbreakage  was  21/2  in., 
but  in  one  tunnel  the  overbreakage  averaged  only  % 
in.,  whereas  in  another  it  averaged  8  in.  because  the 
schist  was  much  disintegrated. 

Those  experienced  in  tunnel  work  will  see  that  the 
overbreakage  would  have  been  somewhat  less  had  it 
not  been  for  the  specifying  of  an  average  thickness  of 
concrete  (see  "the  average  line"  above  defined).  Or- 
dinarily only  a  "clearance  line"  (or  neat  line)  and  a 
"payment  line"  are  specified. 

In  the  softer  rocks,  like  shales  and  limestones, 
where  air-hammer  drills  can  be  effectively  used  in 
trimming  the  sides,  the  overbreakage  averages  con- 
siderably less  than  in  the  tough  rocks,  like  granite, 
gneiss  and  schist.  In  tough  rocks  the  contractor  drills 
his  blast  holes  deep  enough  to  insure  breakage  beyond 
the  "payment  line,"  so  as  to  reduce  the  trimming.  One 
of  the  contractors  used  a  large  number  of  horizontal 
rim  holes  in  excavating  the  lower  half  a  pressure  tun- 
nel through  gneiss,  and  thus  secured  an  underbreak- 
age of  %  in.  inside  the  "payment  line." 
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The  Economic  Inequity  of  "Full 
Crew  Laws" 

In  another  column  we  have  commented  on  the  par- 
tisanship of  "Leslie's  Weekly,"  a  partisanship  that  oc- 
casionally leads  to  injudicious  statements.  An  intelli- 
gent partisan,  however,  makes  judicious  comments 
with  at  least  as  great  frequency  as  those  that  are  in- 
judicious. So  when  "Leslie's  Weekly"  attacks  the  eco- 
nomic folly  of  the  "full  crew  laws"  that  are  enforced 
in  twenty  states  we  find  ourselves  in  complete  sympa- 
thy with  the  indignation  over  the  fact  that  20,000 
trainmen  are  uselessly  employed  because  labor  unions 
have  been  politically  powerful  enough  to  secure  per- 
nicious class  legislation. 

New  Jersey  has  repealed  its  "full  crew  law,"  but  the 
governor  of  Pennsylvania  has  just  vetoed  a  similar 
repeal,  and  in  doing  so  has  written  the  longest  veto 
statement  in  his  history.  The  very  length  of  his  ex- 
planation of  the  veto  is  symptomatic  of  a  troubled  con- 
science. He  quotes  President  Wilson's  desire  that,  at 
least  during  the  war,  all  strife  between  capital  and 
labor  be  suppressed.  But  was  it  not  less  than  a  year 
ago  that  President  Wilson  himself  settled  a  con- 
troversy by  giving  railway  trainmen  an  increase  of 
25  per  cent  in  wages?  Curious  indeed  is  the  logic 
by  which  the  war  is  made  an  excuse  for  raising  the 
wages  of  trainmen,  and  the  same  war  is  used  as  an 
excuse  for  holding  trainmen  in  useless  jobs;  and  at 
the  very  time  that  farms  and  factories  are  in  des- 
perate need  of  more  men! 

The  cowardly  politics  that  infests  both  congres- 
sional and  state  legislatures  is  fast  becoming  unen- 
durable to  fair-minded  men.  We  have  usually  looked 
to  our  state  governors  for  a  little  more  courage  and 
fairness  than  our  state  legislatures  exhibit,  but  Gov- 
ernor Brumbaugh  of  Pennsylvania  has  proved  to  be 
as  much  of  a  peanut  politician  as  the  most  partisan 
of  the  legislative  "representatives"  that  represent 
special  or  class  interests. 


Why  High  Priced   Labor    Makes 

Use  of  Machines  More 

Profitable 

In  China  where  laborers  receive  only  15  ct.  a  day, 
there  is  often  no  marked  saving  effected  by  the  use 
of  steam  shovels  or  concrete  mixers  in  place  of  hand 
work.  In  America,  where  common  laborers  are  now 
receiving  as  high  as  $3  a  day,  there  is  strong  reason 
for  the  use  of  labor-saving  devices.  Even  when  wages 
were  half  what  they  are  today,  and  when  machines 
were  less  efficient  than  they  now  are,  it  was  usually 
profitable  to  supplant  men  with  machinery  unless  the 
job  was  a  very  small  one.  We  wonder  whether  all  su- 
perintendents and  managers  realize  that  now  that 
wages  are  higher,  it  usuallf  pays  to  use  machinery 
even  on  relatively,  small  jobs. 

Those  of  us  who  have  managed  work  on  the  Pacific 
Coast,  where  common  labor  has  always  been  scarce 
and  high,  have  long  ago  learned  how  to  do  most  kinds 
of  work  at  unit  costs  as  low  as  that  of  similar  work 
in  eastern  states  where  labor  was  relatively  cheap. 
Necessity  drove  us  far-westerners  to  exercise  our 
wits,  and  thu.s  led  not  only  to  the  greater  use  of  ex- 
isting labor-saving  machinery,  but  to  the  invention 
of  new  devices  and  methods.  One  Californian,  for  ex- 
ample, remodeled  the  old  style  drag  or  slip  scraper, 
and  made  the  now  well-known  "Fresno  scraper," 
which  is  usually  hauled  by  four  mules  hitched  abreast. 


Another  Californian  devised  the  hydraulic  giant  or 
monitor  for  digging  and  moving  gravel,  sand,  etc.  It 
was  a  far-westerner — no  one  knows  who — that  de- 
vised the  jerk-line  method  of  driving  teams  of  6  to 
20  head  of  mules  or  horses.  The  "trap"  for  use  in 
loading  wagons  by  "fresnos"  or  other  scrapers  was 
also  a  western  device.  And  so  we  might  go  on  enumerat- 
ing the  things  that  were  invented  to  enable  one  man 
to  do  the  work  that  previously  had  required  two  or 
more. 

"Necessity  is  the  mother  of  invention,"  and,  per- 
haps, if  the  truth  be  told,  laziness  is  the  grandmother; 
for  to  escape  the  swelter  of  hard  work  as  well  as  to 
make  shirkers  more  willing  to  work,  the  wit  of  man 
has  ever  been  on  the  alert  to  substitute  horse  flesh 
for  man  flesh  and  steam  or  gasoline  for  both. 

In  another  editorial  we  give  some  valuable  facts 
about  the  use  of  roller  bearings  instead  of  plain 
bearings  on  small  dump  cars.  Take  that  idea  alone 
and  see  how  you  may  be  able  to  apply  it  to  your  own 
problems.  Are  you  using  wheelbarrows  or  push  carts 
or  buggies?  Why  not  have  roller  bearings  for  them? 
If  it  pays  to  use  roller  bearings  on  a  motor  truck,  it 
will  pay  even  more  to  use  such  bearings  on  a  wheeled 
vehicle  operated  by  man  power. 

Study  always  the  possible  adaptation  of  devices  to 
your  own  special  work.  Read  to  get  ideas,  not  only 
those  that  you  can  apply  directly,  but  those  that  you 
may  possibly  modify  for  your  purpose.  The  reading 
pages  and  the  advertising  pages  of  a  practical  period- 
ical are  designed  to  stimulate  men's  wits,  not  merely 
to  furnish  them  with  a  complete  solution  of  every 
economic  problem.  Read,  think,  adapt — let  this  be 
the  practical  man's  motto. 
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Must  We  not  Eventually  Operate 
Motor  Trucks  With  Coal  Gas? 

Some  Englishman  with  his  wits  about  him  thought 
of  a  way  of  overcoming  the  H.  C.  G. — high  cost  of  gaso- 
line. He  was  operating  a  line  of  motor  buses  in  Lon- 
don and  it  took  a  gallon  of  gasoline  to  move  a  bus  four 
miles,  at  a  cost  of  5  ct.  a  mile  for  the  gasoline.  Know- 
ing that  coal  gas  could  be  used  to  drive  the  motors,  he 
conceived  the  the  idea  of  filling  a  large  canvas  bag 
with  gas  and  carrying  this  gas  holder  on  top  of  the 
bus.  It  was  soon  demonstrated  that  a  bag  of  gas,  hold- 
ing 450  cu.  ft.,  was  sufficient  to  propel  the  bus  almost 
17  miles  at  a  cost  of  only  2  ct.  a  mile,  gas  being  pur- 
chased at  78  ct.  per  1,000  cu.  ft. 

There  is  food  for  thought  in  this  achievement.  If 
1,000  cu.  ft.  of  coal  gas  costing  80  ct.  will  drive  a  motor 
bus  nearly  40  miles,  and  do  the  work  of  10  gal.  of  gaso- 
line costing  $2,  why  will  it  not  be  profitable  to  use  coal 
gas  for  motor  truck  haulage  wherever  coal  gas  is  avail- 
able? The  price  charged  for  coal  gas  in  most  Amer- 
ican cities  is  approximately  $1  per  1,000  cu.  ft.,  but 
this  includes  the  interest  and  depreciation  on  an  ex- 
pensive system  of  mains  that  deliver  the  gas  to  the 
individual  consumers.  Coal  gas  is  manufactured  at 
a  cost  of  less  than  40  ct.  per  1,000  cu.  ft.  in  the  gas 
holders,  in  most  cities.  If,  then,  motor  truck  owners 
were  to  purchase  their  gas  at  or  near  the  gas  holders, 
it  would  seem  that  it  could  be  profitably  sold  by  them 
for  about  60  ct.  per  1,000  cu.  ft.  At  any  rate  the  price 
should  never  exceed  80  ct.  per  1,000  cu.  ft.  At  the  rate 
of  80  ct.  for  gas,  gasoline  would  have  to  be  sold  at  8 
ct.  a  gallon  to  compete  with  coal  gas  for  driving  motor 
trucks. 

It  is  evident  of  course  that  the  large  size  of  the 
gas  bag  and  the  necessity  of  frequent  replenishing 
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of  the  gas  supply  are  objections  to  the  use  of  coal  gas 
for  motor  truck  purposes.  While  it  would  be  feasible 
to  pull  a  very  light  trailer  carrying  a  bag  filled  with 
1,000  cu.  ft.  of  gas,  it  would  seem  more  practicable  to 
compress  the  gas  and  carry  it  in  steel  tanks.  In  this 
way  it  would  be  possible  for  a  motor  truck  to  carry 
sufficient  coal  gas,  in  relatively  small  space,  to  sup- 
ply the  motors  for  an  entire  day's  run. 

The  supply  of  petroleum,  great  though  it  is,  is  small 
indeed  compared  with  the  supply  of  coal.  Coal  can  be 
converted  into  gas,  which  is  susceptible  of  being  com- 
pressed even  to  a  liquid,  but  this  extreme  compression 
is  of  course  not  necessary.  Compressed  coal  gas  seems 
to  off"er  the  most  practicable  solution  of  the  problem 
of  economically  supplying  power  for  our  rapidly 
growing  number  of  motor  vehicles.  Powdered  coal 
will  doubtless  come  into  general  use  wherever  steam 
is  used  as  the  primary  power,  as  in  factories  and  loco- 
motives. 

During  the  last  12  months  one  automobile  factory 
alone  turned  out  nearly  three-quarters  of  a  million 
cars,  or  one-fifth  as  many  motor  cars  as  there  were 
in  America  a  year  ago.  That  same  factory  will  pro- 
duce fully  a  million  cars  during  the  next  year,  accord- 
ing to  present  plans  and  prospects. 

A  small  pleasure  car  consumes  fully  30  gal.  of  gaso- 
line annually,  on  the  average.  A  large  motor  truck 
consumes  half  this  amount  in  a  single  day!  Con- 
sider, then,  what  we  shall  face  when  motor  truck 
building  begins  to  assume  proportions  comparable  to 
pleasure  car  production.  Does  it  not  inevitably  spell 
the  necessity  of  using  coal  gas  instead  of  gasoline  for 
motor  truck  operation? 


How  to  Reduce  the  Tractive  Re- 
sistance  of   Dump   Cars  by 
Means  of  Roller  Bearings 

Many  mistakes  have  been  made  by  civil  engineers  in 
calculating  the  tractive  resistance  of  small  dump  cars 
on  construction  work.  Knowing  that  the  resistance  of 
large  freight  cars  on  a  well  ballasted  level  track  may 
be  lower  than  6  lb.  per  ton  of  2,000  lb.,  it  has  frequent- 
ly been  assumed  that  small  cars  on  a  light  track  would 
offer  a  resistance  not  greater  than  10  lb.  per  ton, 
whereas  the  actual  resistance  is  usually  30  to  40  lb. 
per  ton. 

In  a  paper  to  be  read  at  the  October  meeting  of  the 
American  Institute  of  Mining  Engineers,  Mr.  P.  B. 
Liebermann,  Chief  Engineer  of  the  Hyatt  Roller  Bear- 
ing Co.,  gives  the  results  of  some  tractive  tests  on  small 
cars  which  will  open  the  eyes  of  many  of  our  readers. 
The  tests  show  that  at  a  speed  of  6  miles  an  hour 
loaded  mine  cars  of  2  to  4-ton  capacity  offer  a  resist- 
ance of  about  29  lb.  per  short  ton  when  ordinary  bear- 
ings are  used,  and  12  lb.  per  ton  when  Hyatt  flexible 
roller  bearings  are  ufeed.  The  wheels  of  the  car  were 
16  in.  diameter  and  the  track  was  30  in.  gage. 

Mr.   Liebermann  gives  the  following  formulas  for 
calculating  the   tractive   resistance,   based    on    tests 
ranging  between  1  and  12  miles  an  hour  speed. 
R  =  26 +  0.45  S 
r  =    9  +  0.45  S 
R  =  train  resistance  of  loaded  plain-bearing  cars  on 

level  track,  in  pounds  per  short  ton. 
r  =  ditto  for  flexible  roller-bearing  cars. 
S  =  speed  in  miles  per  hour. 

At  speeds  above  12  miles  an  hour  the  air  resistance 
becomes  noteworthy,  for  this    varies    as    S",  but    at 


speeds  of  less  than  12  miles  an  hour  this  factor  is 
negligble. 

These  formulas  relate  to  clean  tracks,  but  tracks 
covered  with  coal  dust  were  found  to  increase  the 
train  resistance  30  per  cent  for  either  type  of  bearing. 
Tests  made  with  empty  cars  showed  that  the  train  re- 
sistance per  ton  is  about  40  per  cent  higher  for  plain- 
bearing  cars  and  about  15  per  cent  higher  for  roller- 
bearing  cars  than  would  be  obtained  from  the  above 
formulas  for  loaded  cars.  Of  course  the  resistance 
bf  gravity  is  20  lb.  per  ton  for  each  1  per  cent  of 
grade. 

Mr.  Liebermann  estimates  that  it  costs  about  $20 
to  equip  a  3-ton  car  with  roller  bearings,  but  that  this 
increased  investment  may  frequently  be  offset  by  the 
reduced  investment  in  locomotive  and  rails.  He  shows 
that  in  a  typical  coal  mine  whose  output  is  1,000  tons 
of  coal  per  day,  an  annual  saving  of  $2,000  a  year  in 
operating  expenses  may  be  effected  by  the  use  of 
roller  bearings  on  164  mine  cars;  and  that  a  3-ton  lo- 
comotive will  haul  a  train  of  42  roller-bearing  cars 
carrying  126  tons,  as  compared  with  an  8-ton  locomo- 
tive hauling  the  same  size  train  of  plain-bearing 
cars.  Moreover,  20-lb.  rails  would  suffice  for  the  3-ton 
locomotive  as  against  30-lb.  rails  for  the  8-ton  locomo- 
tive. In  this  example  he  assumes  that  the  grades  are 
so  adjusted  in  favor  of  the  loaded  cars  that  the  trac- 
tive resistance  for  the  loaded  trip  will  be  the  same 
as  for  the  return  empty  trip. 

Although  Mr.  Liebermann's  tests  and  calculations 
relate  to  mine  car  haulage  they  are  applicable  to  any 
haulage  involving  the  use  of  small  cars  on  light  rails, 
such  as  moving  earth  on  railway  construction  or  in 
hauling  gravel  from  the  pits  to  the  crushing  and 
screening  plant.  Dirt  movers  and  pit  owners,  there- 
fore, will  do  well  to  consider  the  marked  saving  that 
may  be  effected  by  placing  roller  bearings  on  their 
cars. 


Scientific  Management  Applied  to 
Hens 

"Whenever  1  eat  an  egg,"  said  a  food  conservation- 
ist, "I  think  of  the  chicken  that  the  egg  might  have 
become,  and  whenever  I  eat  a  chicken  I  am  worried 
over  the  eggs  it  might  have  laid."  But  would  it  not 
be  a  wiser  waste  of  worry  to  think  of  the  200  eggs 
that  the  average  hen  annually  falls  below  those  laid 
by  the  most  scientific  hen? 

Agricultural  papers  have  been  extolling  the  pro- 
ductiveness of  "Queen  Mary,"  if  we  remember  her 
highness'  name  aright,  a  hen  that  last  year  went  283 
times  to  the  nest  without  scoring  a  single  goose  egg. 
Think  of  it — 283  eggs  a  year  from  one  hen  when  the 
average  laid  by  360,000,000  hens  in  America  is  only 
83  eggs! 

Naturally  such  a  contrast  makes  one's  thoughts 
turn  toward  the  cause  of  it.  Investigation  discloses 
the  reason,  or  rather  reasons,  for  the  fundamental 
cause  is  scientific  management — not  management  on 
the  hen's  part,  for  even  the  regal  record-breaker, 
"Queen  Mai-y,"  is  said  to  have  only  the  brains  of  an 
average,  homespun  hen.  It  seems  that  the  process  of 
producing  a  283-egg  hen  is  essentially  the  same  as 
the  process  of  increasing  the  output  of  an  automo- 
bile factory  without  increasing  the  number  of  em- 
ployes, namely,  by  giving  long  and  careful  thought 
to  every  factor  that  affects  production. 

A  hen  eats  a  certain  weight  of  food  daily,  and  that 
food  contains  a  certain  number  of  heat  units,  or  calo- 
ries, capable  of  doing  a  limited  amount  of  work.     If 
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the  hen  lives  in  a  cold  coop,  a  large  number  of  the 
heat-units  absorbed  as  food  are  required  to  maintain 
her  bodily  temperature  at  98  degrees.  Ergo,  a  cor- 
respondingly small  number  of  heat-units  are  avail- 
able for  conversion  into  eggs.  From  which  it  fol- 
lows that  the  coop  must  be  warmed  by  fuel  in  cold 
weather  if  the  eggs  are  to  be  numerous. 

Hens,  like  humans,  have  temperament,  some  being 
placid,  others  excitable,  but  none  capable  of  endur- 
ing annoyance  without  loss  of  efficiency.  So  the 
scientific  manager  of  a  hennery  objects  even  to  the 
entrance  of  a  single  stranger  into  the  egg  factory. 
It  ruffles  the  spirits  as  well  as  the  feathers  of  his 
workers.  As  for  dogs  or  cats — they  are  absolutely 
taboo. 

Life  must  not  be  one  endless  panorama  of  quietude 
and  monotony  for  the  successful  hen,  however,  so  the 
corn  is  partly  covered  with  loose  earth  and  chaff, 
necessitating  vigorous  scratching  to  uncover  it. 
This  "back  to  nature  movement"  pleases  the  hens  and 
they  respond  with  more  eggs. 

There  are  many  other  "nifty  stunts"  that  shrewd 
students  of  henology  have  devised,  but  we  must  stop 
after  indicating  one  more.  Long  before  Darwin 
wrote  his  "Origin  of  Species,"  it  had  been  discovered 
that,  by  selecting  and  breeding  animals,  almost  any 
quality  could  be  made  more  pronounced.  Indeed, 
Darwin's  great  conception  of  evolution  through 
"natural  selection" — as  he  called  it  in  distinction 
from  man's  "ai'tificial  selection" — came  to  him  as  a 
result  of  his  thinking  about  man's  selection  of  ani- 
mals for  breeding.  But  Darwin's  evolutionary  hypo- 
thesis served  in  turn  to  stimulate  attempts  to  im- 
prove domestic  animals  by  more  careful  selection  for 
breeding  purposes.  Finally — within  very  recent 
years — along  came  the  scientific  manager,  the  man 
who  counts  and  measures  and  thinks;  and  he  devised 
a  "trap  nest"  that  catches  any  hen  that  enters  it  to 
lay  an  egg.  Presto!  The  egg  output  of  every  hen  in 
the  yard  is  thus  made  known,  for  she  can  not  leave 
the  nest  until  released  by  a  man  who  records  her 
number  and  credits  her  either  with  a  goose  egg  or  a 
hen  egg.  Forthwith  it  becomes  evident  that  many 
hens  are  drones,  slackers — what  you  will  for  a  name 
for  an  individual  that  eats  more  dollars  than  he 
produces.  On  the  other  hand,  it  is  disclosed  that  a 
few  hens  are  abnormally  fine  layers,  and  to  these  is 
thenceforth  assigned  the  duty  and  the  honor  of  re- 
producing their  kind. 

Even  the  seemingly  prosaic  occupation  of  manag- 
ing a  hen  ranch  has  thus  come  to  be  both  interesting 
and  scientific.  Indeed,  what  managerial  job  is  there 
in  this  world  that  does  not  take  on  dignity  when 
brains  and  science  enter  into  it? 


36  ft.  a  day.  There  is  nothing  remarkable  in  this  per- 
formance if  the  ground  was  not  bad  and  if  it  was  pos- 
sible to  use  explosives  liberally.  It  is  not  unlikely, 
however,  that  explosives  were  used  in  small  charges  so 
as  not  to  disclose  the  location  of  the  sapping  work  to 
the  enemy. 


A  Million  Pound  Blast  in  France 

A  few  weeks  ago  a  million  pounds  of  high  explosives 
were  set  off  by  the  English  under  the  German  trenches 
on  the  Messines  Ridge  in  France.  The  explosion  was 
heard  in  London,  130  miles  away.  This  is  the  largest 
blast  ever  fired.  If  each  pound  of  explosive  moved  only 
one  ton  of  earth  and  rock,  1,000,000  tons  were  hurled 
into  the  air. 

About  200  miners  are  said  to  have  driven  a  tunnel, 
or  rather  a  drift,  1%  miles  long  in  6  months.  In  19 
chambers  located  in  cross  drifts,  the  explosives  were 
placed,  25  tons  to  the  chamber.  These  were  detonated 
simultaneously  with  an  effect  that  was  described  as 
appalling. 

Th£  speed  of  driving  the  drift  appears  to  have  been 


Partisanship  of  "Leslies'  Weekly" 
in  the  Railway  Controversy 

"Let  the  war  abolish  fads,"  says  Leslie's  Weekly. 
Among  "fads"  it  classes  the  valuation  of  the  railways, 
and  speaks  of  the  thousands  of  civil  engineers  who 
are  now  wasting  their  time  trying  to  ascertain  nobody 
knows  exactly  what  nor  why.  Speaking  of  the  Con- 
gressional act  under  which  the  valuation  is  being 
made,  Leslie's  Weekly  says: 

No  one  seem-s  to  know  just  T.hat  the  act  means  or  calls  for 
or  what  advantage  it  will  be  to  the  country. 

For  several  years  Leslie's  has  championed  corpora- 
tion rights  and  has  done  a  good  work  in  making  the 
public  see  that  the  corporations  are  not  only  economic 
institutions  of  immense  social  value,  but  that  they 
have  been  unjustly  made  the  targets  for  political 
abuse.  But  any  one  who  becomes  a  continuous  cham- 
pion or  advocate  of  one  side  of  a  conflict  is  in  grave 
danger  of  losing  his  sense  of  justice,  although  it  was 
a  sense  of  justice  that  originally  prompted  his  action. 
We  fear  that  Leslie's  Weekly  is  slipping  into  the  class 
of  the  I.  W.  W.  soap-box  orator  who  can  see  nothing 
but  evil  in  those  who  disagree  with  him. 

For  a  generation  the  Interstate  Commerce  Commis- 
sion had  been  asking  for  an  inventory  and  appraisal 
of  the  physical  property  of  all  the  railways,  when  at 
last  Congress  passed  a  bill  that  provides  for  such  an 
inventory  and  appraisal.  It  is  true  that  the  bill  pro- 
vides that  other  data  also  be  secured,  and  it  is  true 
that  there  is  a  question  whether  the  I.  C.  C.  must 
fix  a  definite  "rate-making  value"  for  each  railway. 
This  element  of  ambiguity  in  the  bill  may  be  regret- 
table, but  certainly  no  one  but  a  violent  partisan 
would  use  such  language  about  it  as  that  above  quoted 
from  Leslie's  Weekly. 

It  is  our  opinion  that  in  spite  of  the  ambiguity  of 
the  act,  the  I.  C.  C.  will  eventually  decide  to  estab- 
lish a  definite  rate-making  value  for  each  railway, 
for  that  is  the  obvious  purpose  of  the  bill.  Only  a 
cowardly  commission  could  refuse  to  shoulder  the 
full  responsibility  of  making  such  a  decision,  even  if 
every  State  Railway  Commission  in  America  were  to 
demand  that  the  Interstate  Commerce  Commission 
leave  the  "rate-making  value"  undecided. 

As  we  stated  a  few  weeks  ago,  the  railway  compa- 
nies have  thus  far  made  little  progress  in  securing 
adequate  rates  because  they  have  not  presented  satis- 
factory appraisals  of  their  properties.  They  have  at- 
tempted to  belittle  the  usefulness  of  such  appraisals 
and  have  ridiculed  the  judgment  of  anyone  who  be- 
lieved in  the  desirability  of  an  appraisal.  What  would 
be  thought  of  a  merchant  who  refused  to  inventory 
his  stock,  yet  claimed  that  his  profits  on  his  invest- 
ment in  that  stock  were  abnormally  low?  Would  it 
not  be  suspected  that  he  was  insincere? 

If  the  railway  appraisal  now  in  progress  serves  no 
other  purpose  than  to  establish  definitely  the  cost  of 
reproducing  the  railways,  it  will  be  worth  many  fold 
the  cost  of  making  it,  for  it  will  remove  the  cancer 
of  suspicion  about  railway  values  and  enable  the  pub- 
lic thenceforth  to  realize  the  vast  worth  of  railway 
property  and  relatively  small  profit  earned  upon  its 
real  value. 
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The  Necessity  for  Increasing  the 

Attendance  at  Technical 

Schools 

To  the  Editor:  There  is  an  imminent  matter  of  vital 
importance  to  the  American  nation  concerning  which 
very  little,  if  anything,  has  been  said  in  the  newspa- 
pers— hence  the  presentation  of  this  letter,  and  with 
it  an  urgent  request  for  its  publication  in  your  col- 
umns and,  subsequently,  for  a  wide  circulation 
through  copying  by  the  public  press  of  the  entire 
country. 

I  refer  to  the  depletion  of  the  classes  in  technical 
schools,  first,  by  wide-spread  volunteering  for  the 
army  and  navy,  and,  second,  by  conscription.  This 
subject  received  much  attention  at  the  Washington 
meeting,  on  the  6th  and  7th  inst.,  of  the  Society  for 
the  Promotion  of  Engineering  Education,  an  organiza- 
tion of  25  years'  standing  and  composed  of  most  of 
the  leading  American  instructors  in  all  lines  of  ap- 
plied science,  and  also  a  few  prominent  practicing 
engineers.  The  meeting  was  addressed  by  such  dis- 
tinguished men  as  the  Secretary  of  War,  the  Chief  of 
Engineers  of  the  U.  S.  Army,  and  the  Director  of  the 
Bureau  of  Standards.  The  five  sessions  held  by  the 
society  on  those  two  days  were  devoted  almost  ex- 
clusively to  questions  of  public  welfare,  principally 
connected  with  the  war,  its  subsequent  conditions, 
and  its  anticipated  problems. 

As  I  attended  all  of  the  sessions  from  start  to  finish 
and  took  the  deepest  interest  in  the  entire  proceed- 
ings, I  feel  justified  in  making  the  following  state- 
ments, and  in  claiming  that  they  express  the  opinions 
of  the  most  profound  thinkers  of  America: 

1.  The  larger  part  of  the  civilized  world  will  have 
to  be  reconstructed  after  the  war,  not  excluding  our 
own  great  railroad  system,  which  undoubtedly  will 
have  deteriorated  on  account  of  over-use  and  lack  of 
adequate  up-keep. 

2.  Such  reconstruction  is  almost  exclusively  the 
work  of  engineers. 

3.  The  European  technical  men  have  been  killed 
oS  by  thousands  during  the  past  three  years;  and 
their  slaughter  will  not  cease  until  the  war  ends. 
Moreover,  it  is  more  than  probable  that  many  Amer- 
ican engineers  who  serve  in  Europe  will  never  return 
to  our  shores,  and  that  a  large  number  of  those  who 
do  come  back  will  be  more  or  less  incapacitated  from 
active  professional  work. 

4.  The  technical  schools  of  all  the  other  warring 
countries  than  ours  have  practically  been  out  of  com- 
mission for  three  years,  thus  cutting  down  there,  al- 
most to  zero,  the  supply  of  new  men  for  the  engineer- 
ing profession. 

5.  The  call  to  arms  in  this  country  by  both  volun- 
teering and  conscription  it  is  feared  will  soon  have 
reduced  to  about  one-half  the  attendance  at  the  tech- 
nical schools  of  the  United  States,  while  instead  of 
being  halved  it  ought  properly  to  be  doubled. 

6.  In  spite  of  the  present  paralyzation  of  many  lines 
of  engineering  work,  due  to  the  cessation  of  large  con- 
structions and  to  the  absolute  lack  of  capital  for  im- 
portant new  projects  of  a  peaceful  character,  the  de- 
mand for  young  graduates  of  technical  schools  by 
the  manufacturers  of  war  supplies  is  so  great  that 
there  is  already  a  marked  dearth  of  such  assistance, 
which  dearth  will  be  more  and  more  accentuated  as 
the  war  progresses,  and  as  the  call  for  ships,  guns, 
ammunition,  aeroplanes,  automobiles,  and  other  war 
paraphernalia  increases. 
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7.  Until  the  United  States  entered  the  war,  it  waa 
almost  certain  that  most  of  the  reconstruction  work 
of  the  world  would  be  done  by  American  engineers, 
and  in  any  case  they  are  sure  to  get  a  fair  share  of  it; 
but  it  seems  a  shame  that  this  country  should  miss 
such  a  golden  opportunity  as  that  which  lies  before 
it  for  securing  the  lion's  share. 

8.  The  capacity  of  the  old,  experienced,  and  well- 
established  American  engineers  for  doing  work  is 
practically  unlimited,  provided  that  there  be  no  short- 
age of  young,  properly-educated  assistants;  because 
most  technical  men  of  mature  years  have  developed 
highly  the  faculty  of  management.  On  that  account 
the  average  total  annual  amount  of  work  engineered 
by  such  men  in  this  countrj-  could  readily  be  increased 
five  fold,  or,  possibly  even  ten  fold,  without  causing 
undue  overstress  either  physical  or  mental;  and,  con- 
sequently, the  great  mass  of  the  work  of  world-recon- 
struction could  emanate  from  the  United  States  and 
be  handled  abroad  by  American  engineers. 

9.  It  is  beyond  question  that,  for  the  next  10  years 
or  more,  engineering  is  everywhere  going  to  be  the 
most  lucrative  of  all  the  professions. 

From  these  nine  premises  what  is  the  important  de- 
duction to  be  drawn? 

Evidently  it  is  that,  by  some  means  or  other,  we 
must  manage  not  only  to  prevent  any  falling  off  in 
the  attendance  at  our  technical  schools  both  during 
and  directly  after  the  war,  but  also  greatly  to  in- 
crease it. 

And  how  can  this  be  done? 

The  answer  to  this  question  is  not  difficult.  It  is 
as   follows: 

1.  By  urging  more  young  men  to  go  to  college,  and 
by  persuading  their  parents  that  it  is  their  duty  to 
send  the  boys  there  for  the  ultimate  good  of  both 
themselves  and  the  country. 

2.  By  inducing  all  sub-freshmen  who  have  shown 
any  special  aptitude  for  mathematics,  mechanics,  or 
chemistry,  to  take  the  technical  courses. 

3.  By  discouraging  the  enlistment  into  the  army  and 
navy  of  all  students  in  technical  institutions,  but,  on 
the  contrary,  by  encouraging  them  to  remain  and 
graduate,  if  possible.  Of  course,  those  who  are 
drafted  will  have  to  serve;  for  it  would,  manifestly, 
be  unfair  to  the  rest  of  the  youths  of  the  country  to 
excuse  a  man  from  going  to  the  front  simply  because 
he  is  a  technical  student.  Such  drafted  students, 
however,  should  generally  be  sent  to  the  engineer 
corps,  because  their  services  in  that  branch  of  the 
army  would  probably  be  more  effective  than  in  any- 
other,  and  because  the  training  they  would  receive 
therein  would  be  likely  to  serve  them  in  good  stead 
in  after  years  when  practicing  ''n  the  engineering  pro- 
fession. 

4.  By  granting  Government  aid  to  those  youths  of 
evident  special  ability  in  technical  lines  who  are  un- 
able to  raise  the  money  necessary  for  a  course  of  in- 
struction. 

If  these  four  steps  be  taken,  the  unique  opportunity 
referred  to  will  not  be  lost;  and  this  country  will  theit 
become  the  leader  of  the  world  in  activity,  effective- 
ness, and  wealth. 

Let  me,  therefore,  most  earnestly  implore  all  youths 
who  are  ready  for  college  this  fall,  and  who  are  not 
in  any  way  unfitted  for  technical  careers,  to  take  up 
some  branch  of  engineering  or  technology;  and  let 
me  entreat  the  parents  or  guardians  of  such  youths 
to  exert  their  influence  so  as  to  induce  the  boys  to- 
choose  that  line  of  study  for  their  life  work.  Remem- 
ber: it  is  not  only  for  the  good  of  the  country  that  I 
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make  this  appeal,  but  also  for  the  ultimate  benefit  of 
the  young  men  themselves ! 

Some  reader  of  this  communication  may  remark  that 
such  an  appeal  would  possess  more  force  if  it  were 
to  come  from  a  national  engineering  society  than  when 
emanating  from  an  individual  engineer.  Very  true! 
But  until  quite  lately  there  has  been  no  engineering 
society  which  draws  it  membership  from  all  lines  of 
technical  activity;  and  the  one  which  is  now  being 
formed,  viz.,  the  American  Academy  of  Engineers,  has 
not  yet  received  from  Congress  the  national  charter 
for  which  it  has  applied.  Were  that  association  to- 
day fully  organized  and  duly  recognized  by  the  Gov- 
ernment, it  assuredly  would  make  such  an  appeal  as 
this;  and,  in  my  opinion,  that  appeal  would  imme- 
diately be  responded  to  by  the  nation,  for  the  Amer- 
ican people  certainly  are  sensible  enough  to  heed 
seriously  any  words  of  warning  coming  from  a  select 
body  of  the  most  practical  men  in  the  land. 

It  is  true  that  such  an  appeal  might  readily  be  made 
by  the  old  and  well-established  Society  for  the  Pro- 
motion of  Engineering  Education;  but,  if  so,  it  would 
generally  fall  upon  deaf  ears,  because  it  would  im- 
mediately be  remarked  that  the  professors  were  simply 
trying  to  recruit  their  classes  and  were  "rooting"  for 
their  schools.  On  that  account,  at  the  meeting  of  the 
society  I  refrained  from  offering  a  motion  to  the  effect 
that  it  officially  make  this  appeal,  which  I  then  had  in 
mind.  However,  the  society  is  going  to  do  what  it 
can  to  help  the  profession  by  publishing  and  circulat- 
ing widely  the  speeches  of  Secretary  Baker,  Brigadier 
General  Black,  and  Dr.  Stratton  hereinbefore  referred 
to.  These  addresses  will  corroborate  what  I  have  said 
in  this  letter;  and  I  trust  that  they  and  my  earnest 
entreaty  combined  will  result  in  augmenting  mate- 
rially next  September  the  attendance  at  the  technical 
schools  of  the  United  States.  J.  A.  L.  Waddell, 

Kansas  City,  Mo.  Consulting  Engineer. 


Power  of  Public  Service  Commissions 

To  the  Editor:  My  attention  has  been  called  to 
your  criticism  in  your  July  18  issue  of  my  statement 
that  "these  commissions  all  have  repressive  but  not 
regulatory  powers." 

The  Century  Dictionary  defines  "repress" — "to 
press  back  or  down  effectually."  This  power  the  com- 
missions have.  They  can  suspend  a  rate  and,  as  a 
matter  of  fact,  their  almost  invariable  practice  is  to 
suspend  a  rate  when  it  is  filed.  They  can  reduce  a 
rate  and  have  reduced  many  rates,  and  one  unfortu- 
nate feature  is  that  by  the  time  all  other  rates  affected 
are  adjusted  the  loss  in  revenue  is  about  four  times 
the  loss  involved  in  the  original  reduction. 

The  Century  Dictionary  defines  "regulate" — "to  put 
or  keep  fn  good  order,  as  to  regulate  th^  disordered 
state  of  a  nation  or  its  finances."  These  powers  the 
commissions  do  not  have.  They  cannot  order  a  rate 
advanced  nor  have  they  powers  to  put  or  keep  in  good 
order  the  affairs  of  the  companies  over  which  they 
have  jurisdiction. 

Times  without  number,  through  all  history,  human 
ingenuity  has  made  efforts  to  devise  a  method  of 
creating  governing  bodies  with  authority  but  relieved 
of  responsibility.  Always  the  effort  has  failed.  Thirty 
years'  experience  with  commissions  indicates  the  fail- 
ure of  this  effort.  If  this  method  of  governing  is  to 
be  maintained,  they  must  be  made  truly  regulatory. 
L.  F.  Loree,  President, 
Delaware  &  Hudson  R.  R. 

New  York. 


Ditching  Marsh  Land  With   Dynamite 

In  ditching  marsh  land  covered  with  a  mat  of  dead 
grass  and  peat  from  4  in.  to  1  ft.  thick,  the  best  re- 
sults with  dynamite  were  obtained  by  first  cutting 
the  surface  of  the  peat  at  the  center  and  sides  of  the 
proposed  ditch.  At  first,  states  Mr.  F.  M.  White  in 
Vertical  Farming  Magazine,  trials  were  made  by  plac- 
ing dynamite  about  every  3  ft.  apart  in  what  was  to 
be  the  center  line  of  the  ditch.  It  was  expected  that 
the  top  layer  of  peaty  soil  would  be  broken  and  torn 
off,  leaving  a  good,  clean  ditch.  The  first  trial  showed 
clearly  that  this  was  not  a  feasible  method  of  ditch- 
ing with  dynamite.  A  large  part  of  the  debris  fell 
back  in  the  ditch,  particularly  the  top  layer  of  mat- 
ted grass  and  peat,  so  that  the  ditch  was  not  at  all 
satisfactory. 

In  order,  if  possible,  to  overcome  this  difficulty  dur- 
ing the  second  attempt  the  sod  was  cut  at  the  center 
of  the  ditch  and  directly  above  the  dynamite.  It  was 
expected  that  the  force  of  the  explosion  would  throw 
the  top  layer  of  peat  over  on  the  bank.  However,  the 
result  was  but  little,  if  any,  better  than  was  secured 
in  the  first  trial  because  the  tangled  sod  at  both  sides 
acted  as  a  hinge.  The  sod  above  the  dynamite  was 
raised,  but  it  rolled  into  the  ditch  again.  After  this 
failure  a  trial  was  made  with  the  surface  of  the  peat 
cut  at  the  center  and  sides  of  the  ditch.  The  result 
this  time  was  all  that  could  be  expected.  It  left  a 
ditch  having  reasonably  clean  and  even  bottom  and 
sides.  The  bottom  of  the  ditch  was  more  uneven  than 
the  sides  and  about  6  in.  deeper  than  the  point  at 
which  the  dynamite  was  placed.  But  this  is  not  at  all 
objectionable,  for  it  would  soon  fill  to  some  extent 
from  the  loose  dirt  left  on  the  sides  and  bottom.  After 
the  first  rain  the  ditch  looked  to  be  almost  as  satis- 
factory as  could  be  done  by  hand.  The  amount  of 
dynamite  and  time  of  placing  would  vary  with  differ- 
ent types  of  soil.  For  this  particular  work  it  required 
3  lb.  of  dynamite  for  each  rod  of  ditch.  The  labor 
of  cutting  the  sides  of  the  ditch  is  also  quite  a  variable 
factor.  There  was  no  absolutely  satisfactory  method 
found  for  cutting  through  the  grass  and  peat,  al- 
though a  good,  sharp  spade  was  fairly  efficient.  A 
heavy  butcher's  cleaver  to  which  is  attached  a  long 
handle  so  that  both  hands  could  be  used  ought  to 
make  a  satisfactory  tool  for  such  work. 


Better  Utilization  of  Engines  and  Freight  Cars. — 

In  April,  1916,  railways  operating  227,351  miles  of 
line  handled  an  average  of  898,978  ton  miles  of  freight 
with  each  freight  locomotive  in  service.  In  April, 
1917,  the  same  roads  handled  an  average  of  1,019,405 
ton  miles  of  freight  per  locomotive,  an  increase  of 
13.3  per  cent.  The  same  roads  in  April,  1916,  han- 
dled 12,231  ton  miles  with  each  freight  car  in  service. 
In  April,  1917,  they  handled  13,848  ton  miles  with 
each  freight  car  in  service,  an  increase  of  13.2  per 
cent.  The  returns  for  May  cover  only  railways  op- 
erating 173,106  miles  of  line,  but  they  show  the  same 
general  improvement.  These  roads  in  May,  1916,  han- 
dled an  average  of  1,043,709  ton  miles  of  freight  with 
each  freight  locomotive  in  service,  and  in  May,  1917, 
an  average  of  1,205,852  ton  miles;  an  increase  of  15.5 
per  cent.  The  same  roads  in  May,  1916,  handled  an 
average  of  14,115  ton  miles  with  each  freight  car  in 
service  and  in  May,  1917,  they  handled  an  average  of 
16,098  ton  miles,  an  increase  of  14.1  per  cent. 
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President  Wilson  has   signed  the  Rivers   and  Har- 
bors  bill   appropriating   approximately   $27,000,000. 


August  15,  1917. 
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Construction    Features    of  Rock- 
wood  Intake  Gates  of  Imperial 
Valley  Irrigation  District 

In  order  to  increase  its  water  supply  the  Imperial 
Valley  Irrigation  District  is  now  constructing  new  in- 
take gates  below  Yuma,  Ariz.  These  gates  will  take 
water  from  the  Colorado  River  into  the  main  canal 
entering  the  Imperial  Valley.  The  structure  will  be 
742  ft.  long  and  will  include  a  deep  section  60  ft.  wide 
and  240  ft.  long,  with  a  base  elevation  of  95.5  (Im- 
perial irrigation  datum),  and  a  shallow  section  45  ft. 
wide  and  382  ft.  long,  with  a  base  elevation  of  104. 
On  each  end  there  will  be  abutment  wings  60  ft.  in 
length.  The  floor  is  2  ft.  thick,  and  is  very  heavily  rein- 
forced. There  is  a  curtain  wall  2.5  ft.  wide  and  8 
ft.  deep  running  completely  around  the  structure, 
making  the  deepest  excavation  stop  at  elevation  85.5. 
Mean  low  water  in  the  Colorado  River  is  at  elevation 


continuously  day  and  night  since  its  installation  on 
April  20. 

The  dirt  from  the  inside  lines  of  the  structure  has 
been  excavated  with  an  orange  peel  bucket  and  stiff 
leg  derrick  usiiig  steam  power.  The  spoil  was  thrown 
onto  the  bank  with  this  outfit  and  rehandled  from 
there  into  the  river  with  a  clam  shell  bucket  and  a 
gravity  rigged  derrick  equipped  with  a  30-H.P.  Samp- 
son gas  engine. 

The  gate  walls  are  8-ft.  centers  and  18  in.  thick. 
In  constructing  them  the  forms  were  not  wired,  but 
were  braced.  On  account  of  the  walls  being  all  on 
the  same  centers,  this  bracing  could  be  used  repeat- 
edly. 

The  concrete  is  poured  through  Insley  chutes  from 
Insley  side  dump  cars  operated  on  a  track  built  on  a 
trestle  running  the  full  length  of  structure  on  center 
line.  The  cars  are  propelled  by  an  endless  cable  run- 
ning over  the  drum  of  a  Mundy  steam  swing  engine. 
The  concrete  mi.xer  is  a  Ransome  of  1  cu.  yd.  capacity, 
driven  by  steam,  and  dumps  directly  into  the  Insley 
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(1)     Foundation    Excavation    and    Concrete    Work    for    Floor.      (2)     Arrangement    of     Derricks    for    Excavating    and    Rehandling    Spoil. 
(3)    Storage   Bin   and  Concrete   Plant.      (4)   Spouting   Concrete  for  the   Floor. 


108,  and  during  the  high  water  of  early  summer  the 
river  reached  an  elevation  of  120.  At  this  period  the 
contractor  worked  at  times  under  a  35-ft.  head  of 
water,  with  a  bank  of  dirt  50  ft.  wide  between  the 
excavated  hole  and  the  river. 

The  character  of  the  ground  in  the  deep  section 
was  such  that  the  banks  stood  up  well.  In  fact,  it 
was  necessary  to  shoot  in  order  to  dig  with  an  orange 
peel  bucket.  No  sheeting  was  required  on  this  sec- 
tion, but  in  the  shallow  section  soft  sand  and  silt  were 
encountered,  necessitating  the  driving  of  9-in.  Wake- 
field sheetpiling  on  the  concrete  line.  This  piling  will 
be  a  part  of  the  permanent  structure  to  prevent  scour- 
ing. 

The  water  encountered  in  the  excavation  is  drained 
to  a  cribbed  sump  placed  just  outside  of  the  concrete 
line  on  the  river  side  of  the  structure.  The  sump  is 
unwatered  by  means  of  a  12-in.  centrifugal  pump, 
driven  by  a  100-H.P.  motor.    This  pump  has  been  run 


cars.  The  sand  and  gravel  are  fed  to  the  mixer  by 
gravity  from  a  bunker  of  400-yd.  capacity. 

The  cement  is  brought  to  the  mixer  from  the  store 
sheds,  which  are  adjacent  to  the  work,  on  small  cars 
which  are  also  propelled  by  an  endless  cable.  A  very 
fine  quantity  of  bank  gravel  was  found  on  top  of  the 
low  hills  surrounding  the  structure  and  this  gravel  is 
recovered,  using  a  light  1-yd.  clam  shell  bucket,  and 
a  small  stiff-leg  derrick.  It  is  then  put  through  a  re- 
volving motor-driven  screen  and  the  sand  and  gravel, 
properly  graded,  are  taken  in  Koppel  cars  to  the  stor- 
age bunker  which  is  partitioned  off,  one-third  for 
sand  and  two-thirds  for  rock. 

The  work  calls  for  the  expenditure  of  about  $265,- 
000  and  requires  8,500  cu.  yd.  of  concrete,  365  tons  of 
reinforcing  steel,  10,000  cu.  yd.  of  riprap  and  165,000 
cu.  yd.  of  excavation.  The  Rockwood  intake  gates  are 
being  constructed  by  the  Ross  Construction  Co.,  with 
R.  T.  English  as  Superintendent  of  Construction. 
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Effect  of  Shape  of  Cutting  Edge 
on  Cutting  Speed  and  Wear- 
ing Qualities  of  Drill  Bits 

Many  different  shapes  of  drill  bits  are  in  use  with 
hammer  drills,  but  little  definite  information  is  avail- 
able whereby  to  judge  which  one  of  these  shapes  is 
best.  An  investigation  to  determine  the  effort  of  the 
shape  of  the  cutting  edge  on  the  cutting  speed  and 
wearing  qualities  of  drill  bits  has  been  made  recently 
by  Prof.  Carroll  R.  Forbes  and  Joseph  C.  Barton.  The 
results  of  the  tests  are  given  by  them  in  a  paper  pre- 
pared for  presentation  at  the  October,  1917,  meeting 
of  the  American  Institute  of  Mining  Engineers,  and 
printed  in  the  August  Transactions  of  the  Society.  An 
abstract  of  the  paper  follows: 

The  bits  tested  were  those  in  common  use,  namely, 
the  4-point  or  cross  bit,  the  6-point  bit,  the  Z  bit  and 
the  "Carr"  bit.  The  rock  in  which  the  tests  were 
made  was  the  red  granite  from  southeast  Missouri. 
It  is  a  coarse  crystalline  granite  containing  an  un- 
usually large  amount  of  quartz  and  is  extremely  hard, 
and  on  account  of  its  uniform  texture  is  admirably 
adapted  to  this  work.  While  tests  in  other  rocks 
might  show  somewhat  different  results,  nevertheless 
it  is  the  opinion  of  the  authors  that  the  relative  cut- 
ting quality  inherent  in  the  shape  of  the  bits  would 
be  the  same  in  all  rocks.  Other  qualities,  such  as 
mudding  freely,  freedom  from  fitchering,  etc.,  might 
make  one  bit  more  desirable  that  another  in  softer 
rocks. 

The  4-point  bits  were  the  usual  shaped  bits  com- 
monly made  on  the  Leyner  sharpener  with  14°  taper 
on  the  wings  and  a  90°  angle  between  cutting  edges. 
Some  te.sts  were  run  at  85  lb.  pressure  with  a  4-point 
bit  made  with  a  5°  taper  on  the  wings.  This  was 
made  by  using  the  Carr  bit  die. 

The  6-point  bits  were  the  usual  shaped  bits  made 
on  the  Leyner  sharpener. 

The  Carr  bits  were  made  with  a  5°  taper  and  an 
angle  of  100°  between  cutting  edges. 

The  Z  bits  were  made  with  the  regular  Z-bit  dolly 
which  makes  an  angle  of  about  60°  in  the  center  and 
an  agle  of  about  45°  on  the  outer  cutting  edge.  The 
center  is  made  slightly  higher  than  the  outer  edges. 
The  Carr  bit  discs  wefe  used  in  forming  Z-bits  to 
give  them  a  5°  taper.  The  Z-bit  dolly  was  for  solid 
steel,  so  it  was  necessary  to  drill  out  the  center  hole. 

Several  Z  bits  were  tested  at  85  lb.  pressure,  that 
were  filed  and  hammered  down,  to  give  an  angle  of 
about  100°  on  the  center  edge  and  65°  on  the  outer 
edges. 

The  holes  in  the  center  of  the  bits  were  the  ordi- 
nary size  with  the  4-point  and  6-point  and  Carr  bits. 
The  hole  in  the  Carr  bit  was  much  larger  than  those 
used  in  the  others.  A  hole  of  the  same  size  as  in  the 
Carr  bits  was  used  in  the  Z  bit. 

All  tests  were  made  with  an  Ingersoll-Rand  "Jack- 
hamer"  drill.  In  the  "down-hole"  tests  the  drill  was 
weighted  with  a  94-lb.  weight,  thus  insuring  a  con- 
stant pressure  on  the  bit. 

Most  of  the  tests  were  made  in  vertical  "up-holes," 
great  care  being  taken  to  see  that  the  drill  was  ver- 
tical. The  tests  consisted  of  drilling  into  a  large 
block  of  granite  supported  on  stringers  over  a  con- 
crete-lined pit.  For  this  work  the  drill  was  mounted 
on  an  air  feed,  which,  however,  was  not  large  enough 
to  produce  the  required  pressure  on  the  bit,  so  that 
it  was  necessary  to  counter-balance  the  weight  of  the 
machine  by  a  bucket  loaded  with  40  lbs.  of  scrap  iron 


and  connected  to  the  machine  by  a  rope  over  an  over- 
head pulley. 

Every  effort  was  made  to  insure  uniform  conditions 
and  to  have  the  drill  bit  the  only  variable. 

A  uniform  air  pressure  was  obtained  by  having  a 
"pop-off"  valve  on  the  air  receiver,  which  was  con- 
nected by  a  1-in.  hose  to  the  drill.  The  air  compres- 
sor was  regulated  to  supply  sufficient  air  to  keep  the 
pop-off  valve  open  and  the  drill  running  at  the  same 
time,  the  gage  pressure  remaining  constant.  The  air 
receiver  was  drained  after  every  third  steel,  as  it 
was  found  in  former  work  that  this  factor  greatly  in- 
fluenced the  quality  of  the  air  supply. 

Uniform  lubrication  was  insured  by  oiling  the  drill 
after  each  1-minute  test.  The  drill  was  taken  apart 
and  thoroughly  cleaned  and  oiled  after  every  third 
steel. 

The  steel  used  was  all  of  the  same  kind,  F  J  A  B'/g- 
in.  hollow  hexagon,  and  all  comparative  tests  were  run 
with  steel  of  practically  the  same  length.  Lengths 
of  24,  48  and  62  in.  were  used. 

The  greatest  source  of  error  in  work  of  this  kind  is 
in  the  making  and  tempering  of  bits.  It  is  impossi- 
ble to  make  these  conditions  entirely  uniform  and 
many  tests  were  made  and  the  results  discarded,  be- 
cause of  non-uniformity  in  tempering.  Any  bit  with 
a  corner  off,  or  which  was  chipped  in  any  way  (ex- 
cept .the  Z  bit  in  a  few  cases),  or  which  showed  signs 
of  being  too  hard  or  too  soft,  was  rejected  and  re- 
shfirpened  until  a  perfect  temper  was  obtained. 

All  bits  were  made  and  sharpened  in  a  Leyner-In- 
gersoll  5-A  sharpener.  The  bits  were  heated,  both  for 
sharpening  and  tempering,  in  a  gas  muffle.  In  sharp- 
ening and  tempering  the  following  rules  were  ob- 
served: (a)  Heat  to  the  usual  working  heat,  taking 
care  to  see  that  the  bit  is  heated  uniformly  through- 
out, and  making  as  few  heats  as  possible,  (b)  Heat 
only  the  end  of  the  bit.  (c)  Never  submerge  a  bit  en- 
tirely under  water  until  cold,  (d)  Keep  shank  end 
square,  (e)  Never  let  scale  form  by  too  much  air.  (f ) 
When  worked  put  in  lime  to  anneal,  (g)  Heat  the  bit 
up  at  least  800°  and  be  sure  to  leave  it  in  the  furnace 
long  enough  to  heat  to  the  center;  then  draw  from 
the  fire  and  place  in  some  dark  chamber  (tile,  etc.),  so 
the  color  can  be  observed,  until  the  steel  has  cooled 
to  about  800° ;  then  dip  into  Sentinel  paste  which  has 
melting  point  of  775°  C,  and  let  white  residue  form 
on  the  bit;  place  in  the  furnace  immediately.  The 
white  residue  should  melt  the  instant  the  bit  is  in- 
serted into  the  fire  again;  if  it  does  not  melt  at  once, 
reheat  and  repeat  the  operation. 

The  Sentinel  paste  is  a  trade  composition  consisting 
of  molecular  mixtures  of  metallic  salts  which  melt 
at  predetermined  temperatures.  The  finely  ground 
salts  are  mixed  with  paraffin  wax.  Before  using  it  is 
heated  gently  so  as  to  just  melt  the  wax  and  reduce 
it  to  the  consistency  of  thick  paint,  so  it  can  then  be 
streaked  or  painted  on  the  work  in  the  cold,  or,  as  in 
the  present  case,  the  work  is  covered  with  a  thin  film 
of  paste  by  dipping  in  the  paste  while  the  work  is  at 
a  temperature  above  the  melting  point  of  the  salts. 
When  the  wax  carrying  the  Sentinel  powder  burns 
off,  it  leaves  behind  a  layer  of  white  salt,  and  upon 
the  desired  temperature  being  attained,  the  salt  fuses 
and  disappears,  or,  on  a  reduction  of  temperature  the 
paste  reappears  as  a  white  coating.  After  the  bit  is 
put  in  the  furnace  and  the  white  residue  melts  in- 
stantly, plunge  the  bit  into  cold  water  to  about  %  to 


All  bits  in  these  tests  were  plunged  into  water  as 
described  above  and  slowly  moved  about  in  the  water 
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until  fairly  cool ;  then  the  steel  was  left  In  water  until 
cold. 

Experiments  with  Down  Holes. 

The  first  series  of  tests  was  made  in  down  holes. 
The  purpose  of  these  tests  was  to  ascertain  the  effect 
of  gage  or  diameter  of  bit  on  cutting  speed.  It  was 
necessary  to  find  this  relation  in  order  to  compare  dif- 
ferent bits  by  reducing  them  to  the  same  gage. 

All  tests  were  made  in  shallow  holes,  about  1  ft. 
in  depth,  so  that  the  cuttings  could  be  easily  blown 
from  the  hole.  Down-hole  tests  were  made  only  with 
the  4-point  bit  and  at  a  pressure  of  95  lb.  In  most 
cases,  five  1-minute  runs  were  made  with  a  bit.  About 
30  tests  were  made  altogether. 

A  curve  was  plotted  assuming  that  the  cutting  speed 
varies  inversely  as  the  square  of  the  diameter.  The 
first  point  on  the  theoretic  curve  was  taken  at  gage  1.3 
and  speed  4.3,  and  the  curve  plotted  accordingly.  The 
results  of  the  second  test  were  then  plotted  in  the 
same  scale,  the  points  falling  close  to  the  curve.  The 
second  test  was  taken  as  being  the  most  representa- 
tive. Points  plotted  from  the  third  and  fourth  tests 
fell  close  to  a  similar  curve.  In  order  to  compare 
cutting  speed  of  different  gages,  every  condition,  in- 
cluding depth  of  hole,  etc.,  must  be  uniform,  and  it 
would  not  be  fair  to  compare  the  speed  of  a  new  bit 
with  the  speed  of  the  same  bit  when  run  to  a  smaller 
gage.  From  this  curve  it  is  evident  that  for  small 
gages  the  cutting  speed  varies  inversely  as  the  square 
of  the  diameter  of  the  bit.  For  large  gages  the  re- 
sults do  not  seem  to  check  so  well,  and  from  results 
obtained  in  former  work  by  H.  Vogel,  the  relation  of 
the  3/2  power  was  obtained,  which  may  apply  to  larger 
gages. 

Results  from  Up  Holes. 

Three  different  pressures  were  used  in  drilling  the 
up  holes,  95  lb.,  85  lb.  and  70  lb.  Most  of  the  tests 
were  made  at  the  95-lb.  pressure.  Nearly  200  differ- 
ent tests  were  made  in  all. 

All  holes  were  first  collared  to  about  ^2  in.  depth; 
the  bit  to  be  tested  was  then  run  at  a  low  pressure 
for  about  6  seconds.  The  bit  was  then  taken  out,  the 
gage  and  the  depth  of  hole  measured,  and  the  test  was 
ready  to  start.     One-minute  runs  by  stop  watch  were 

TABLE    I. -SUMMARY   OF    RESULTS   AT    95    LB.    PRESSURE. 

1 
Reduced  to  uniform   gages,  assuming  speed  varies  as  — . 

D= 
Avge.  Loss 
Avge.  in 

Avge.      Avge.    Speed  Avge.     Avge.     Gage 
Hiara.,     Dist.        per     Initial     Final       per 
Drilled.   Min.    Speed.    Speed.      In. 
8.S&      2.212       2.500       1.962       0.0110 
11.50       2.Sfi5       3.6S3       2.100       O.OIOS 
15.41       3.S53       4.800       3.062       0.0068 


Kind  of  Bit.  In. 

4-point    starter    1.880 

4-point  second    1.652 

4-point   third    1.385 


Reduced  to  uniform  diameter 


FVom     A 1.750 

From    B 1.750 

From    C 1.750 

1.750 

fi-point    starter    1,869 

6-point    second     1.662 

C-point    third     1.426 


7.36 
10.07 
10.85 


Average  of  4-point 
1.537 


2.200 
2.812 
3.112 


0.01S9 
0.0109 
0.0063 


From     A 1.750 

PYom     B 1.750 

From     C 1.750 

1.750 


Reduced  to  uniform  diameter 
1.750       2.112 


Average  of  6-poInt 


Carr    bit    second     ..1.535       12.42       3.109 

Carr  bit    third    1.605       13.37       3.345 

Reduced  to  uniform  diameter 

From     A 1.750       

From     B 1.750       

1.750       


Average  Carr  bit 


Z    bit    second    1.609 

Z    bit    third    1.447 

Reduced  to  i 

From     A 1.750 

From     B 1.75fl 

1.750 


9.72       2.429       3.275 
12.87       3.212       3.850 
iniform  diameter 
2.053 


2.19 

2.130    Average  Z  bit 


made.  All  bits  were  run  for  four  1-minute  tests  and 
in  a  few  cases  si.x  or  eight  1-minute  runs  were  made. 
No  attempt  was  made  to  run  each  bit  to  its  full  ex- 
tent, although  in  most  cases  at  the  end  of  four  runs 
the  cutting  speed  had  materially  diminished.  The 
bits,  however,  probably  would  have  drilled  several 
inches  farther,  and  in  the  case  of  the  Carr  bit,  con- 
siderably farther.  The  life  of  bits  seems  to  be  the 
same  at  all  pressures.  That  is,  they  will  drill  a  cer- 
tain distance  and  no  more,  no  matter  what  the  pres- 
sure is. 

Table  I  represents  the  summary  of  average  results 
and  also  the  same  averages  reduced,  for  the  purpose 
of  comparison,  to  uniform  diameters  by  assuming  that 
the  cutting  speed  varies  inversely  as  the  square  of 
the  diameter. 

It  will  be  seen  from  these  results  that  the  compara- 
tive cutting  speeds  of  the  different  bits  at  this  pres- 
sure are  as  follows: 

fl)  4-point     (gage    1.75) 2.51  in.  per  minute 

(2)  6-point     (gage    1.75) 2.06  in.  per  minute 

(2)  Carr     (gage     1.75) 2.44  in.  per  minute 

(3)  Z   (gage  1.75)    2.13  in.  per  minute 

At  this  pressure  the  4-point  bit  cuts  slightly  faster 
than  the  Carr.  It  was  very  difficult  to  make  the  Z  bit 
hold  up  at  all  on  the  high  pressure,  as  the  comers 
would  invariably  chip  off. 

Table  II  shows  the  final  average  of  the  results  re- 
duced to  the  three  different  gages  by  the  square  of 
diameter. 

Theory  of  Drilling  Rock. 

According  to  B.  F.  Tillson,  "when  rock  is  excavated 
by  a  drill  bit  three  applications  of  forces  seem  to  be 
involved — by  abrasion,  by  crushing,  and  by  severing 
or  chipping.  Although  all  of  these  must  take  place 
to  a  certain  degree,  the  greatest  amount  of  useful 
work  is  performed  when  the  percentage  of  force  ap- 
plied to  chip  reaches  a  maximum."  According  to  this 
theory,  the  screen  analysis  of  cutting  ought  to  show 
the  most  efficient  bit.  Samples  were  taken  from  the 
up  holes  when  drilling  at  95  lb.  pressure,  from  which 
the  screen  analyses  were  made.  Screening  was  done 
in  Tyler  Ro-Tap  apparatus.  The  samples  were  taken 
near  the  first  part  of  a  run  with  each  bit.  Some  of 
the  dust  was  lost  in  taking  the  sample,  but  as  much 
as  possible  of  the  entire  sample  was  saved. 

The  6-point  bit  produced  the  finest  cuttings,  the  Z 
bit  the  next  finest,  the  Carr  next  and  the  4-point  the 
coarsest.  This  corresponds  to  the  relative  cutting 
speeds,  the  6-point  slowest,  the  Z  next,  the  Carr  next 
and  4-point  fastest.  In  order  to  study  further  the  cut- 
ting action  of  the  different  bits,  four  shallow  holes 


TABLE   n.— COMPARATIVE    CUTTING   SPEEDS    OF   DIFFER- 
ENT  BITS. 

1 
Reduced    to    uniform    diameters,    assuming    speed    varies    — . 

D= 

Average  Average  Average 

Reduced         Speed  Speed  Speed 

Gage,          per  Min.,  per  Min.,  per  Min., 

Kind     of  Bit.                 Inches.        95  !b.   P.  85  lb.  P.       70  lb.  P. 

4-point     2.00                1.92  1.39  0.85 

6-point     2.00                1.59  1.23  0.68 

Carr     2.00                1.87  1.56  1.16 

Z 2.00                1.63  1.51  I.K; 

Z  flat  angle    .- 2.00                 ....  1.54  

4-point  5^   taper 2.00                 ....  1.39 

52       4-point     1.75                2.51  1.81  1.11 

6-point    1.75                2.06  1,61  0.88 

Carr     1.75                2.44  2.03  1.51 

Z     1-75                2.13  1.97  1.51 

Z  fiat  angle   1.75-                ....  2.01  

4-point  5°  taper  1.75               1.81  

It       4-point     1.50                3.41  2.47  1.51 

"       6-point     1.50                 2,S2  2,19  1,20 

Carr       1-50                3.32  2.77  2.06 

Z             1.50                2.90  2.69  2.06 

Z   flat   angle    1.50                 ....  2.74 

4-point  5°  taper 1.50                 2.47  

(29) 
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about  1  in.  deep  were  drilled  beside  each  other  under  From  these  calculations  the  Carr  and  Z  bits  appar- 

the  same  conditions  and  using  85  lb.  pressure.  ently  save  one-third  in  drilling  time  over  the  4  and 

A  study  of  the  bottoms  of  the  holes  revealed  the  6-point  bits.    This  is  due  more  to  the  fact  that  smaller 

fact  that  the  6-point  hole  was  perfectly  smooth,  the  gages  can  be  used  than  to  greater  cutting  speed.    The 

4-point  nearly  as  smooth,  the  Z  bit  and  Carr  bit  holes  calculations  were  based  on  actual  cutting  speeds  and 

were  quite  rough,  the  Carr  bit  having  a  conical  shaped  loss  in  gage  shown  in  tests. 

projection  in  the  center  due  to  the  large  hole  in  the  Breakage  and  Ease  of  Sharpening  and  Tempering. — 

bit.     The  relative  cutting  speeds  at  85  lb.  pressure  There  is  little  difference  between  the  4-point  and  6- 

were  as  follows:     6-point,  4-point,  Z  and  Carr,  which  point  bits  in  respect  to  ease  of  sharpening  and  tem- 

corresponded  with  the  apparent  roughness  of  the  bot-  pering. 
toms  of  the  holes.  The  Z  bit  is  more  easily  made,  but  it  is  very  diffi- 

The  use  of  the  large  hole  in  the  center  of  the  Carr  cult  to  temper  so  that  it  will  stand  up  under  high  pres- 

bit  is  evidently  one  of  its  advantages  and  the  same  sure.     This   is   on  account  of  the  weakness    of    the 

idea  could  be  applied  to  advantage  on  all  other  bits,  outer  cutting  edges. 

The  advantage  of  the  large  hole  is  that  it  leaves  a  The  Carr  bit  is  by  far  the  easiest  of  all  to  make 

center  core  and  diminishes  the  cutting  surface.  and  temper  and  can  be  tempered  much  harder  than 

CONCLUSIONS:   COMPARATIVE  MERITS  OF  EACH  TYPE  OF  others. 

.  ^^'^-  Summary. 

95  1b.  '  85  1b.'  70  1b.  The  results  in  down  holes  indicate  that  the  cutting 

(2)  '.'.'.'.'.'.'.'.'.'.'.'.'.'.carr'^^  z^"  Carr*  Speed  varies  inversely  as  the  square  of  the  diameter, 

(3)  ■.■.■.■.■.■.".'.■.".■.■.■.■.z  4-point  4-point  at  least  for  smaller  gages. 

(4)    6-point  6-point  6-point  .  ^    «■ 

_,         i,        ,  .  .1      />       •   i.  i.-i.  •         •  Drilling  speed  increases  almost  uniformly  with  m- 

From  the  above  comparison,  the  6-point  bit  is  evi-  ^^^^^^   .^  pressure.     A  pressure  of  about  85  lb.  per 

dent  y  sower  drilling  under  all  conditions.     The  4-  ^  .^^^  ^^^^^  ^^  ^^  ^^^^  ^^  ^^  ^jj  ^.^^  ^^^ 

point,  although  ranking  first  at  95    b.  pressure,  under  ^^.^^.        .^  ^^^^  ^^  ^^^  hardness  of  that  used  in  the 

ordinary    conditions   would    drill     less     rapidly   than  t^gg^g 

either  the  Carr  or  Z.     In  comparison  with  the  others,  '^^^  ^^  ^^  ^^^^^  ^^  ^^  proportional  to  the 

the  Z  bit  apparently  increases  in  cutting  speed  as  the  .o^^seness  of  the   cuttings  as   shown   by   screen   an- 

pressure  is  decreased.     This  would  indicate  that  the  ^j     j^  ^^^  ^^^^^.  ^^  ^^^  ^^^^^^^  ^^  ^^^  ^^.^^  ^^j^^ 
Z  bit  would  be  quite  efficient  in  soft  rock  or  at  lower  .j.^^.       .^^.^  consideration  its  cutting  qualities,  loss 

pressures,  but  it  is  eviden  ly  not  adapted  to  extreme  -^  ^^^^  ^^  ^^^.       ^^^  tempering,  the  Carr  bit 

high  pressures  in  hard  rock.     From  the  standpoint  of  ^^^^^^  ^^  ^^  ^^^  .^^  ^^  ^jj  ^  ^ 

cutting  speed,  the  Carr  and  Z  bits  are  the  most  effi-  ^j^^  ^  when  used  at  low  pressures. 

^'^"  ■  T  f  r  '^^^  ^  ^^*  ^*  ^°^  pressures  and  probably  in  soft  rock 

LOSS  ot  l^age.  would  equal   if  not  surpass  the  Carr  bit  in  cutting 

The  average  loss  in  gage  per  inch  was  as  follows:  gpeed,  but  on  account  of  the  difficulty  in  its  making 

4%''oTnt'  twrcjy'''  "o.ooT  ^"<^  tempering,  it  is  doubtful  whether  it  would  be  as 

6-point  seconds  0.010  desirable  under  anv  conditions  as  the  Carr. 

6-point  thirds  0.007  t-,  j-       i      V-    i.  •  i.       j  i 

z  bit  thirds  0.004  i*  or  exceedingly  high  pressures  in  very  hard  rock, 

gl^j:  ^i*  thfr°d"'^^  o'ooi  ^^^  4-point  bit  made  with  a  5'   taper  on  the  wings 

4-pqint  r,°  taper  thirds  0.004  Seems  to  be  Superior  to  all  others. 

„!..    J'       ■      1        i         V    .     .     11  ■  Ti     -11  The  6-point  bit  apparently  has  little  to  recommend 

This  loss  IS  almost  constant  at  all  pressures.   It  will  -^       j  •  i.  n-i,        u  -j.  •  -4. 

,  j^         i.v         £  i.1.  i  i-T.     1         •  -iv,  it  under  any  circumstances,  although  it  is  convenient 

be  seen  from  these  figures  that  the  loss  in  gage  with  ^^  ^^^  .^  ^^^  j^^j^^ 

4  and  6-pomt  bits  is  considerably  more  than  with  Z 

or  Carr  bits,  and  that  the  5°  taper  on  a  4-point  bit 

greatly  diminishes  the  loss  of  gage.  Treatment  for  Summer  Sores  on  Horses 

From  the  standpoint  of  loss  of  gage,  the  Carr,  Z 
bit  and  4-point  bit  with  a  5°  taper,  are  superior  to  ^^^y   horse   owners   find    that    in    summer    their 
others.     This  factor  is  one  that  is  often  overlooked,  Worses  are  troubled  by  sores  which  resist  usual  meth- 
and  the  great  advantage  of  using  a  bit  that  loses  little  o^^  of  treatment.    As  cool  weather  approaches  healing 
in  gage  is  not  generally  considered.     As  an  example  frequently  takes  place,  but  there  always  is  the  possi- 
the  following  calculation  has  been  made:  ^'^^^^  °f  ^^e  wound  breaking  out  anew  with  the  ad- 
Drilling  Time.— Drilling  time  for  6-ft.  hole  in  gran-  ^6"^  of  warm  weather.     Numerous  methods  of  treat- 
ite,  IV-in.  diameter  at  bottom.    Length  of  changes,  1  ™eni  have  been  tried  with  varying  results.     Accord- 
ft.    Difference  in  gages,  1/16  in.  with  Carr  and  Z  bits,  ^n^  to   the   July   Reclamation    Record,   the   following 
i/s  in.  with  4-point  and  6-point  bits.  treatment  in  many  cases  has  brought  good  results : 
(^^jjp.                                                        The  wound  is  thoroughly  scraped  with  a  surgeon's 
Length  of  steel.           1  Ft.     2  Ft.     3  Ft.     4  Ft.     5  Ft.     6  Ft.  sterilized   curette,   or  with   a   clean,   disinfected   dull 

Gage   in   sixteenths        ..  l"/i»       l"/i«       l"/io       I'Vin       I'Vm       IVie  Vnifp     iffAv  vuhinh   it    is   sVinwprprl   -u/itVi    pnlH   xi/atpr  fnr 

Gage    in    tenths     1.875       1.812       1.75-0       1.688       1.625       1.562  Kllie,   aiier  wnicn   IX   IS   SnOWerCQ   Wltn   COIQ  water  101 

Distance  per  minute  ...  1.771     1.897     2.034     2.186     2.352     2.554  10  to  15  minutes.     Iodoform  is  then  dusted  on  and 

Minutes  for  each  foot..   7.340       6.270       5'.890       5.490       5.102       4.700  i.t,j-j.j.i.  j-l  j^  j.c,,. 

Time  34  min.  49  sec.  for  6  ft.  rubbed  into  the  wound  by  means  of  a  wad  of  absorb- 

z  BIT.  ent  cotton,  and  the  wound  is  immediately  covered  with 

Df#tance-perminuie-::;  Jli     039     Uil     Hit     2.295     Hfi  a  layer  of  collodion.     The  iodoform  and  collodion  ap- 

Minutes  for  each  foot.  6.900     6.530     6  070     5.640     5.230     plications  are  repeated  every  24  hours  for  15  davs  or 

Time  35  mm.  16  sec.    for  6  ft.  i-i    ii  i        i        t-i^i  i  i         ^  "      i 

4-FOiNT  until  the  sores  heal.     Ether    or    chloroform    may  be 

Gage    214        214        2  1%      16/8       1%  used  in  place  of  iodoform,  being  poured  On  cotton  and 

Distance  per  minute  ...   1.009       1.230       1.389       1.580       1.814       2.104  onnliprl  in  tViP  qnrp  fnr  fwn  mirmtp<5  hpfnrp  naintino-  it 

Minutes  per  foot    11.890     9.760     8.640     7.590     6.620     5.700  appueu  xo  ine  sore  lor  two  mmuies  oeiore  painting  it 

Time  50  min.  12  sec.  with  collodion.     Formalin  has  been  used  by  injecting 

o,/^'^°o^''''      o  ,,/       -../o       ,./  it   into  the  tissues.     This,   however,   should  be   used 

Gage     2^4  2'^  2  1%        16/8        1%  ,      ,  i-c    j         i.      •         ■  -i.      • 

Distance  per  minute  ...  0.976     1.092     1.235     1.405     1.613     1.867  onlv  bv  a  qualified  veterinarian  as  its  improper  use 

Minutes  per  foot ^..^^. .12.^^95   11.00^0^  e-n^hoil'"     '•"'"     ^•'^''  might  cause  severe  sloughing  and  disastrous  results. 

(30) 
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Overburden  Stripping   with  Bot- 
tomless Bucket 

An  improved  method  of  removing  the  overburden 
from  a  hill  to  get  at  the  sand  and  gravel  underneath, 
is  being  employed  by  the  Diamond  Sand  &  Gravel 
Co.,  at  Bedford,  0.  The  top  of  the  hill  is  being 
scraped  off  and  deposited  in  a  ravine  at  one  end  of 
the  hill.  The  accompanying  sketch  shows  the  lay- 
out of  the  installation. 

The  scraper  is  a  1-yd.  Sauerman  bottomless  power 


Sketch    Showing     Method    of    Stripping. 

scraper  operated  by  a  90-H.P.  Thomas  electric  hoist, 
which  is  set  up  on  high  ground  across  the  ravine.  The 
hoist  is  a  type  specially  designed  for  scraper  work, 
the  rear  drum  operating  the  "pull-back"  cable  having 
a  speed  three  times  as  great  as  the  front  drum.  The 
machine  requires  one  operator  and  a  rigger  stationed 
at  the  guide  blocks  to  make  the  necessary  shifts  in 
the  line  of  operation.  This  outilt  installed  represents 
an  investment  of  about  $5,000. 

The  top  soil  of  the  hill  is  largely  clay  and  runs  from 


Power  Scraper  Cutting   Off  Top   of   Hili. 

nothing  to  6  ft.  in  depth.  Hard  "shoulders"  of  clay, 
when  encountered,  are  removed  by  "sawing"  the 
scraper  back  and  forth  over  the  obstruction.  A  day's 
output  will  fluctuate  between  200  and  300  yd.,  depend- 
ing on  the  nature  of  the  material. 


The  contract  for  constructing  the  new  union  depot 
and  terminal  yards  at  St.  Paul,  Minn.,  has  been 
awarded  to  Morris,  Shepard  &  Dougherty  and  George 
J.  Grant  Construction  Co.  This  work  will  involve  an 
expenditure  of  about  $11,000,000. 


Classification  of  Permissible  Ex- 
plosives by  U.  S.  Bureau 
of  Mines 

A  new  list  of  permissible  explosives  has  been  issued 
by  the  U.  S.  Bureau  of  Mines.  It  contains  the  brand 
names  of  152  explosives,  all  of  which  were  tested  by 
the  Bureau  prior  to  Jan.  1,  1917.  In  the  new  list  the 
permissible  explosives  are  classified  in  two  ways:  (1) 
On  the  basis  of  the  volume  of  poisonous  gas  produced 
by  iy2  lb.  of  the  explosive,  and  (2)  on  the  basis  of  the 
characteristic  ingredient  of  each  explosive.  These 
classifications  are  described  as  follows  in  Technical 
Paper  169  of  the  Bureau: 

Volume  of  Poisonous  Gases. — Most  permissible  ex- 
plosives when  properly  detonated  in  a  drill  hole  in  a 
coal  mine  produce  poisonous  gases,  but  they  produce 
at  the  same  time  a  much  larger  volume  of  non-poison- 
ous gases.  In  order  that  the  poisonous  gases  may  not 
under  normal  conditions  become  a  menace  to  the  lives 
or  health  of  miners  no  explosive  is  now  or  can  be- 
come permissible  if  it  evolves  upon  detonation  more 
than  185  liters  (5V2  cu.  ft.)  of  permanent  poisonous 
gases,  as  determined  by  test  in  the  Bichel  pressure 
gage.  Field  tests  of  an  explosive  made  under  ex- 
treme conditions  for  the  production  of  the  greatest 
percentage  of  poisonous  gases  in  the  air  show  that  in 
a  narrow  entry,  with  no  ventilation  at  or  near  the  face, 
a  li/o-lb.  charge  of  an  explosive,  which  gave  158  liters 
of  poisonous  gas  in  gage  tests,  produced  0.18  per  cent 
of  carbon  monoxide  (the  only  poisonous  gas  present) 
in  the  air  when  the  sample  was  taken  2  minutes  after 
the  shot.  Another  sample  of  the  air  taken  2  minutes 
later  contained  0.08  per  cent  of  carbon  monoxide.  It 
is  therefore  evident  that  where  ventilation  is  not  ac- 
tive, as  in  a  closed  heading,  miners  or  shot  firers 
should  not  return  to  the  face  until  at  least  five  min- 
utes after  a  shot.  At  all  working  faces  that  are  diffi- 
cult to  ventilate  explosives  of  class  A  or  class  B 
should  be  used,  preferably  those  of  class  A. 

The  classification  on  the  basis  of  the  volume  of 
poisonous  gases  produced  by  iVa  lb.  of  the  explosive  is 
as  follows: 

Class  A,  those  explosives  from  which  the  volume 
of  poisonous  gases  produced  is  not  more  than  53  liters. 

Class  B,  those  explosives  from  which  the  volume  of 
poisonous  gases  is  more  than  53  liters  but  less  than 
106  liters,  inclusive. 

Class  C,  those  explosives  in  which  the  volume  of 
poisonous  gases  is  more  than  106  liters  but  less  than 
158  liters,  inclusive. 

Characteristic  Ingredients. — Explosives  are  classi- 
fied in  accordance  with  their  characteristic  ingredient 
as  follows: 

Class  1,  ammonium  nitrate  explosives. — To  class  1 
belong  all  the  explosives  in  which  the  characteristic 
ingredient  is  ammonium  nitrate.  This  class  is  divided 
into  two  subclasses.  Subclass  A  includes  every  am- 
monium nitrate  explosive  that  contains  a  sensitizer 
that  is  in  itself  an  explosive.  Subclass  B  includes 
every  ammonium  nitrate  explosive  that  contains  a 
sensitizer  that  is  not  in  itself  an  explosive.  The  am- 
monium nitrate  explosives  of  subclass  A  consist  prin- 
cipally of  ammonium  nitrate  with  small  percentages 
of  nitroglycerin,  nitrocellulose,  or  nitrosubstitution 
compounds  which  are  used  as  sensitizers.  The  am- 
monium nitrate  explosives  of  subclass  B  consist  prin- 
cipally of  ammonium  nitrate  with  small  percentages 


(31) 


136 


ENGINEERING    AND     CONTRACTING 


Vol.  48,  No.  7. 


of  resinous  matter  or  other  nonexplosive  substances 
used  as  sensitizers. 

Ammonium  nitrate  explosives,  when  fresh  and  prop- 
erly detonated,  are  well  adapted  for  use  in  mines  that 
are  not  unusually  wet.  They  are  not  suitable  for  use 
in  wet  mines,  for  if  the  contents  of  a  cartridge  of  am- 
monium nitrate  explosive  is  exposed  for  only  a  few 
hours  to  the  damp  atmosphere  the  explosive  may  so 
deteriorate  as  to  fail  to  detonate  completely,  because 
ammonium  nitrate  takes  up  moisture  readily.  The  re- 
dipping  of  cartridge  of  ammonium  nitrate  explosives 
aids  in  protecting  the  contents  against  moisture,  or 
moist  air,  and  the  cartridges  should  be  so  stored  and 
handled  as  to  preserve  the  efficacy  of  the  paraffinlike 
coating.  The  explosives  should  be  obtained  in  a  fresh 
condition  and  purchased  in  such  quantities  as  will 
permit  their  prompt  use.  Experience  at  the  Pitts- 
burgh experiment  station  of  the  bureau  shows  that 
ammonium  nitrate  explosives  will  usually  detonate 
completely  after  storage  for  6  months  in  a  well-venti- 
lated magazine. 

Class  2,  hydrated  explosives. — To  class  2  belong  all 
explosives  in  which  salts  containing  water  of  crystal- 
lization are  the  characteristic  ingredients.  The  ex- 
plosives of  this  class  are  somewhat  similar  in  composi- 
tion to  the  ordinary  low-grade  dynamites,  except  that 
one  or  more  salts  containing  water  of  crystallization 
are  added  to  reduce  the  flame  temperature.  They  are 
easily  detonated,  and  most  of  them  can  be  used  suc- 
cessfully in  damp  working  places. 

Class  3,  organic  nitrate  explosives. — To  class  3  be- 
long all  the  explosives  in  which  the  characteristic  in- 
gredient is  an  organic  nitrate  other  than  nitroglycerin. 
The  permissible  explosives  now  listed  under  class  3 
are  nitrostarch  explosives. 

Class  4,  nitroglycerin  explosives. — To  class  4  be- 
long all  the  explosives  in  which  the  characteristic  in- 
gredient is  nitroglycerin.  These  explosives  contain 
free  water  or  an  excess  of  carbon,  which  is  added  to 
reduce  the  flame  temperature.  A  few  explosives  of 
this  class  contain  salts,  or  an  unusually  low  percent- 
age of  nitroglycerin,  that  reduce  the  strength  and  shat- 
tering eifect  of  the  explosives  on  detonation.  The 
nitroglycerin  explosives  have  the  advantages  of  de- 
tonating easily  and  of  not  being  readily  affected  by 
moisture. 


Mixture  of  Cinders,  Sawdust  and  Manure 
Stops  Lealcs  in  Masonry  Wall 

In  widening  the  Louisville  &  Portland  Canal  at 
Louisville,  Ky.,  the  old  canal  wall  formed  part  of  the 
cofferdam.  The  wall  was  of  stone  masonry  and  had  a 
considerable  number  of  open  joints  and  deep  holes, 
through  which  much  water  entered  the  pit.  The 
minor  leaks  through  the  wall  were  stopped  by  causing 
a  mixture  of  fine  cinders,  sawdust  and  manure  to  be 
drawn  into  the  open  joints  from  the  canal  side  of  the 
wall.  This  material  was  placed  in  a  small  wooden 
box  with  one  side  open  and  the  bottom  perforated. 
The  open  side  of  the  box  was  held  against  the  canal 
side  of  the  wall,  causing  the  water  to  flow  through 
the  perforations  and  carry  the  mixture  into  the  open 
joints.  The  depth  to  which  the  box  was  submerged 
was  determined  by  locating  the  inflow  of  water  from 
the  rear  of  the  wall.  A  foreman  and  six  men  were  de- 
tailed to  attend  to  this  work.  The  success  attained  in 
preventing  leakage  by  this  method  was  such  that  dur- 
ing ordinarj'  river  stages  one  12-in.  centrifugal  pump 
kept  the  pit  unwatered. 


Railroad  Ballast  Digging    and 
Loading  Plant 

A  well  designed  and  economical  plant  for  digging 
and  loading  railroad  ballast  in  one  operation  is  being 
operated  by  the  Neal  Gravel  Co.  at  Palestine,  111.  The 
company  is  a  large  producer  of  sand  and  gravel  and 
has  two  washeries  in  operation  in  Indiana,  but  the 
Palestine  plant  is  devoted  solely  to  furnishing  ballast 
for  Illinois  Central  R.  R.  track  operations. 

With  a  2-yd.  Sauerman  dragline  cableway  excavator 
gravel  is  excavated  from  the  pit  alongside  the  sid- 
ing, conveyed  to,  and  dumped  into  the  hopper  which 
straddles  the  track.  The  digging  range  of  the  exca- 
vator is  500  ft.  When  the  pit  is  cleaned  up  within  a 
500-ft.  radius,  the  hopper  and  the  cableway  mast  will 


Railroad    Ballast    Plant    at    Palestine,    III. 

be  moved  and  the  siding  extended  so  as  to  open  up  a 
new  section  of  the  pit. 

This  plant  complete  with  2-yd.  Sauerman  bucket, 
cableway,  cableway  fittings,  64-ft.  mast,  overhead 
hopper  with  standard  railway  clearance,  10x12 
Thomas  hoist  and  60-H.P.  boiler,  cost  about  $11,000 
installed.  Operating  10  hours  a  day,  it  has  delivered 
an  output  of  655  cars  or  15,720  yd.  a  month.  The 
operating  force  consists  of  one  engineer,  fireman  and 
three  men  "spotting"  cars. 


Plans  are  now  before  Parliament  for  the  aquisition 
of  the  Canadian  Northern  Ry.  by  the  Government. 
This  road  with  the  Intercolonial  Ry.,  now  owned  by 
Canada,  would  give  the  Dominion  a  state  owned  coast 
to  coast  line.  The  Canadian  Northern  Ry.  has  9,000 
miles  of  line  and  the  Government  is  stated  to  own 
$60,000,000  of  its  $100,000,000  capital  stock. 


The  Great  Northern  Ry.  has  started  work  on  the 
construction  of  extensive  yards  at  St.  Paul,  Minn.,  to 
take  the  place  of  those  on  the  site  sold  to  the  Union 
Depot  Co.  The  new  yards  will  require  the  razing  of 
many  buildings,  including  250  residences,  40  stores,  5 
schools  and  3  churches.  There  also  will  be  about 
1,000,000  cu.  yd.  of  earth  and  rock  work. 


(32) 


The  citizens  of  St.  Louis,  Mo.,  will  vote  Nov.  6  on 
an  $18,840,000  bond  issue  for  public  improvements. 
Of  this  amount  $9,915,000  is  for  carrying  out  the 
River  des  Peres  project. 


August  15,  1917. 
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Methods  and  Costs  in  Driving 

the  Pine  Mountain 

Tunnel 

Work  is  now  under  way  on  the  driving  of  an  8,700-ft. 
tunnel  in  Marin  County,  California,  for  the  Marin 
Municipal  Water  District.  The  tunnel  is  of  horse- 
shoe section,  8  ft.  x  8  ft.  net,  inside  of  concrete  lining. 
Of  the  total  length  about  600  ft.  near  the  two  portals 
will  have  a  12-in.  concrete  lining,  and  the  remaining 
8,100  ft.  a  6-in.  lining.  The  quantities  per  lineal  foot 
are  as  follows:  Excavation,  3  cu.  yd.;  concrete  in 
6-in.  lining,  0.6  cu.  yd;  concrete  in  12-in.  lining,  1.2 
cu.  yd  The  actual  quantities  of  concrete  will  be  about 
35  per  cent  greater  on  account  of  overbreakage.  The 
methods  employed  in  driving  this  tunnel  are  described 
by  Mr.  H.  Devereux  in  a  recent  issue  of  the  Mining 
and  Scientific  Press,  from  which  the  following  notes 
are  taken : 

The  contract  was  awarded  early  in  December,  1916, 
to  McLeran  &  Peterson,  of  San  Francisco,  at  $257,400 
for  the  entire  work,  or  $29.70  per  lin.  ft.  for  driving 
and  lining  the  tunnel.  Work  was  commenced  in  the 
middle  of  December.  Hand-drills  were  used  until 
about  Feb.  1,  machine-drills  since  that  time.  The 
actual  cost  of  driving  has  been  about  the  same  for  both 
methods,  but  the  machine  work  is  much  more  rapid. 
Up  to  May  15  about  2,000  ft.  of  progress  was  made 
on  the  east  end,  and  1,000  ft.  on  the  west  end.  Con- 
creting commenced  about  June  1.  The  maximum  prog- 
ress in  driving  for  any  one  month  has  been  568  ft.  in 
the  east  heading,  or  19  ft.  per  day.  The  average  prog- 
ress since  the  machine  drills  were  installed  has  been 
13  ft.  per  day  in  the  east  end,  and  10  ft.  in  the  west 
end. 

The  power-plant  for  the  tunnel  is  about  3  miles 
west  of  Fairfax.  The  east  portal  is  about  1,000  ft. 
from  the  power-house.  The  west  portal  is  nearly  two 
miles  southwest  from  the  power-plant.  The  com- 
pressor-plant consists  of  three  25  H.P.  Fairbanks- 
Morse  Y-type  semi-diesel  engines,  and  three  8  by  8-in. 
Sullivan  compressors.  The  pressure  maintained  at  the 
compressor  is  100  lb.  per  sq.  in.  Air  is  conveyed 
through  a  Sii-in.  pipe,  1,000  ft.  to  the  east  portal  and 
10,000  ft.  to  the  west  portal.  Three  hundred  cubic 
feet  of  free  air  per  minute  are  supplied,  which  is  suf- 
ficient to  run  three  drills  and  also  the  forges.  The 
loss  of  pressure  at  the  west  end  does  not  exceed  2  lb. 

Three  No.  18  Leyner  drills  with  a  li4-in.  chuck,  24- 
in.  feed,  and  six  sets  of  l^i-in.  hollow  steel  from  24  in. 
to  96  in.  long  are  used.  There  is  an  18-gal.  water  tank 
and  an  air  line  manifold.  The  drills  are  mounted  on 
horizontal  bars.  Jackhamers  are  used  for  trimming. 
The  duty  of  the  No.  18  Leyner  drill  in  this  tunnel  is 
5  ft.  of  hole  per  hour  using  1,000  cu.  ft.  of  free  air  at 
100  lb.  pressure  per  lineal  foot  of  hole  drilled.  The 
cost  of  drilling  including  bonus  is  20  ct.  per  foot. 
This  estimate  allows  for  delays. 

The  cost  of  fuel  and  lubricating  oil  for  a  135-day  run 
was  as  follows : 

11.000  gal.  fuel-oil,   24  Baum§  gravity,  at  SO. 032  per  gal..  $352 
2d0  gal.    valvoline,   .strained  and   used  twice,   at  $1.35     $324 
Hauling,  three  sniles  from  railroad,  at  f0.005  per  gal     $55 


for  fuel  and  $0.36  for  labor.  A  25  H.P.  Fairbanks- 
Morse  Y-type  engine  has  just  been  installed  to  operate 
a  220-volt,  25  kilowatt  generator,  which  will  be  used 
to  run  a  plant  for  lighting  the  tunnel  and  a  rock- 
crusher  for  crushing  aggregate  for  the  concrete  lining. 
For  ventilation  1,000  ft.  of  10-in.  pipe  has  been  laid 
at  each  heading,  reducing  to  8-in.  for  the  remainder 
of  the  distance.  This  pipe  has  been  found  to  be  too 
small  and  is  to  be  replaced  with  a  12-in.  pipe,  using  a 
blower  working  at  a  pressure  of  4.5  lb.  per  square  inch. 
For  illumination,  acetylene  lamps  on  the  men's  caps 
and  candles  have  been  used,  but  as  noted  above  an 
electric  lighting  plant  has  now  been  installed. 

The  rock  penetrated  so  far  in  the  east  end  of  the 
tunnel  is  sedimentary  with  intrusive  igneous  rock 
On  the  west  end  there  is  Franciscan  sandstone,  black 
serpentine  and  hard  boulders,  with  some  diabase.  The 
rock  at  the  west  end  is  harder  than  at  the  east  end. 
The  number  of  holes  per  round  at  the  east  end  is  9  to 
14,  and  14  to  16  at  the  west  end.  Six  feet  of  hole  is 
drilled  per  round,  the  wedge-cut  system  of  arrange- 
ment being  used.  Forty  per  cent  L.  F.  gelatine  powder 
is  used.  In  the  east  end,  9  lb.  of  powder,  19  ft.  of 
fuse,  and  4  caps  are  used  per  lin.  ft.  of  progress.  In 
the  west  end,  15  lb.  of  powder,  26  ft.  of  fuse  and  4  caps 
are  required. 

On  the  east  end  there  are  two  drillers  and  one  help- 
er per  shift,  and  one  driller  and  one  helper  per  shift 
on  the  west  end.  Three  shifts  are  worked  and  as  many 
as  five  rounds  or  30  ft.  of  progress  has  been  made  in 
24  hours,  requiring  150  ft.  of  drill-hole  per  drill  for 
each  24  hours.  Four  shovelers  are  employed  on  a  shift 
in  each  end,  two  working  at  any  one  time  and  two 
resting.  They  handle  from  10  to  15  cu.  yd.  per  man 
per  shift.  The  shovelers  use  square-pointed  shovels, 
and  shovel  from  steel  floor  plates,  14  in.  by  4  ft.  by  6  ft. 
The  material  is  transported  by  mules  in  turn-table 
end-dump  cars  of  25  cu.  ft.  capacity.  When  the  work 
has  progressed  so  far  that  mules  cannot  handle  the 
material  economically,  it  is  proposed  to  remodel  White 
or  Stanley  steam  automobiles  to  do  the  hauling.  At 
the  east  end  the  material  is  dumped  close  to  the  portal. 
On  the  west  end  it  has  to  be  hauled  for  some  distance. 
The  track  has  an  18-in.  gauge  and  is  laid  with  27-lb. 
rails. 

So  far  but  little  timbering  has  been  required.  About 
10  per  cent  of  the  tunnel  has  been  side  and  top-lagged, 
while  for  about  5  per  cent,  timber  sets  in  the  arch  only 
have  been  used  with  the  top-segments  lagged.  In  the 
first  2,000  ft.  of  tunnel  20,000  ft.  B.M.  of  timber  has 
been  used,  or  10  ft.  B.M.  per  foot  of  tunnel. 

The  overbreakage  thus  far  has  been  small,  not  ex- 
ceeding 35  per  cent  of  the  net  area  of  the  concrete  sec- 
tion. On  the  east  end  the  ground  is  being  drilled  to 
the  full  section,  on  the  west  end  to  about  80  per  cent 
of  the  full  section,  requiring  trimming  along  the  entire 
length  in  the  latter  case. 

The  following  is  the  scale  of  wages  paid  on  the  Pine 
Mountain  tunnel: 


Drillers    $3.75 

Helpers   3.00 

Shovelers    3.25 

Teamsters    3.00 

Blacksmiths    4.00 

Helpers    3.00 


Dump-men    $3.00 

Foremen     6.00 

Compressor-engineers    3.50 

Pipe-men     3.00 

Packers    3.00 

Common   labor    2.50 


The  plant  was  run  continuously  and  62V2  H.P.  was 
developed.  This  gives  a  cost  of  36  ct.  per  horsepower 
hour  for  fuel  and  lubricating  oil.  This  amount  of 
powet  is  sufficient  for  three  drills  and  two  forges.  The 
cost  of  labor  at  the  power  house  is  $320  per  month. 
During  March  the  total  progress  in  both  headings  was 
854  ft.,  and  the  cost  for  power  was  $0.65  per  ft. — $0  29 

(33) 


The  maximum  monthly  progress  has  been  568  ft. 
or  19  ft.  per  day.  For  this  rate  of  progress,  which  was 
at  the  east  end,  the  cost  per  lineal  foot  to  the  con- 
tractor is  as  follows : 


T>rlllmg J  1.67 

Shoveling    Lgg 

Hauling    ; .' ; '     o.67 

Dumping     o.48 

Blacksmith    037 

Fipe-men    .;;     o;i6 
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Powder ISO 

Power     0.G5 

Bonus    ...; 2.00 

Construction  and  Maintenance  roads  and  trails 0.2& 

Teaming    0.30 

Packing 0.25 

Miscellaneous  plant,  pipe-line,   track 2.00 

Heavy  plant,   engines  and  compressors 1.00 

Drill  steel,  repairs 0.30 

Timbering,    material    0.20 

Timbering,    labor    0.12 

Total  cost  per  foot $1C.12 

A  bonus  of  $0.25  per  man  per  foot  is  paid  for  each 
additional  foot  over  14  ft.  per  day,  to  all  men  who 
remain  during  the  month.  The  cost  at  the  west  end  is 
about  the  same  as  at  the  east  end.  The  rate  of  prog- 
ress is  less,  but  on  the  other  hand  there  is  no  bonus. 
Assuming  that  the  excavation  runs  3  cu.  yd.  per  lineal 
foot  of  tunnel,  the  cost  per  cubic  yard  is  approximately 
$5.40. 

Other  miscellaneous  items  are  as  follows:  Cost  of 
camp  buildings,  etc.,  $25  per  man  for  a  70-man  camp. 
The  cost  of  laying  the  312-in.  pipe  for  the  compressed 
air  line  over  the  mountain  was  $0.08  per  ft.  for  dis- 
tribution, and  $0.04  for  laying,  a  total  of  $0.12.  The 
cook-house,  caring  for  40  men,  uses  1  bbl.  fuel-oil  in 
8  days. 


Sand  Digging  Device 

A  practical  device  for  digging  sand  from  banks 
which  are  almost  entirely  free  from  gravel  is  here 
illustrated. 

The  digging  is  done  by  an  excavator  boom  made  of 
heavy  timbers  with  sprockets  at  either  end  on  which 
runs  an  endless  chain.  Steel  -blades  are  mounted  on 
the  chain  and  the  weight  of  the  heavy  boom  presses 
these  blades  into  the  sand.  The  revolving  blades  drag 
the  sand  into  the  field  end  of  an  Imperial  belt  con- 
veyor which  carries  the  material  to  the  screening 
plant. 

The  excavator  boom  is  hinged  to  a  canvas-covered 


Device  for  Digging  Sand  from  Banks. 

frame,  which  houses  the  operator  and  the  electric 
motor  which  drives  the  endless  chain.  A  reel  on  which 
is  wound  a  cable  running  to  the  outer  end  of  the  boom 
enables  the  operator  to  raise  or  lower  the  boom. 

A  workman  with  a  shovel  works  high  up  on  the  side 
of  the  pit  to  keep  the  material  sliding  down  to  the 
digger.  If  the  sliding  sand  comes  too  fast  and  buries 
the  excavator  boom,  the  operator  simply  reels  in  the 
cable  until  the  boom  again  rests  upon  the  surface. 

The  photograph  accompanying  this  description  was 
taken  at  the  pit  of  the  Wilcox  Co.,  Janesville,  Wis.,  and 
this  particular  machine  was  constructed  by  Mr.  Julius 
Mosser,  superintendent  of  the  Wilcox  plant.  Diggers 
of  similar  type  are  in  use  in  other  Janesville  sand  pits. 


Water  Supply  for  Drilling  at  Same  Pres- 
sure as  Compressed  Air 

A  tank  arrangement  that  assures  the  drill-runner  a 
steady  supply  of  water  having  the  same  pressure  as 
the  compressed  air,  is  discribed  in  the  July  Com- 
pressed Air  Magazine  by  Mr.  H.  H.  Hodginson,  Mining 
Engineer.  Two  tanks  are  necessary;  while  one  is 
supplying  water  the  other  is  being  filled.  It  is  also 
necessary  to  have  a  supply  of  water  to  be  piped  to  the 
tanks  having  a  head  of  at  least  5  ft.,  so  that  the  water 
will  flow  into  the  tanks  and  overcome  the  friction  of 
the  connections.  The  arrangement  is  shown  in  the  ac- 
companying illustration. 

The  two  tanks  A  and  B  are  standard  stock  gal- 
vanized iron  tanks  made  by  any  of  the  large  drill 
manufacturers  and  have  three  holes  in  the  top  tapped 
for  standard  ?4-in.  pipe  fittings.  Into  these  holes 
?4-in.  pipe  is  inserted,  as  shown,  with  the  required 
unions,  elbows,  tees  and  eight  ^4-in.  stop-cocks.  Stop- 
cocks are  preferable  to  valves  as  they  can  be  opened 
or  closed  more  readily,  show  at  a  glance  whether  they 


A/"  Supph 


Arrangement  of  Water  Tank. 

are  open  or  closed,  because  of  the  position  of  the 
handle,  and  are  less  expensive. 

The  operation  of  the  tanks  is  as  follows:  Assuming 
tank  B  supplying  water  to  the  drills,  stop-cock  S2  and 
Ss  are  closed  while  S.  and  S«  are  open,  allowing  water 
to  pass  through  pipe  D  and  air  through  pipe  E,  re- 
spectively. In  the  meantime  water  is  passing  through 
pipe  C  into  tank  A  and  the  stop-cocks  Si  and  St  are 
open.  S:  is  to  allow  the  air  to  escape  from  the  tank 
as  the  .water  flows  into  it  through  Si.  Stop-cocks  Si 
and  S.  are  closed.  When  tank  B  is  empty  So  and  S* 
are  closed  while  Ss  and  S:  are  opened,  which  permits 
the  water  from  C  to  fill  it.  By  closing  St  and  Si  and 
opening  Si  and  S-.  tank  A  will  now  supply  the  water. 

As  the  heading  advances,  pipe  may  be  inserted  be- 
tween the  tanks  and  the  machines  instead  of  moving 
the  tanks  each  time.  It  is  not  necessary  to  remove  the 
tanks  when  blasting  the  headings  if  they  are  placed 
at  a  safe  distance. 


Owing  to  the  scarcity  of  railroad  work  many  rail- 
road contractors  are  now  engaging  in  coal  stripping 
operations  in  the  coal  fields  of  Eastern  Ohio  and 
Western  Pennsylvania.  In  several  cases  whei^  the 
overburden  is  light  the  contractors  are  using  their 
railroad  type  of  shovels  and  hauling  the  material  to 
spoil  banks. 
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Method  and   Cost  of  Repointing  ^^^^^  ^^^p^^^  t'^^  p^^  -^^H^  *H  ^^V^^''^''"'"  7^! 

^^  running.     A  relief  valve  in  the  water  line  remedied 

Sea  Wall  With  Cement  Gun  this. 

.   ^.         ,      ^  rvr.  r.,M^  This  kind  of  work  unavoidably  makes  a  joint  with- 

A  cement  gun  was  used  for  repointmg  about  22,000  ^^^  ^^-^^^  ^^^  spatters  mortar  on  the  face  of  the  wall, 

lin.  ft.  of  joints  in  the  west  side  of  the  Government  q^^  ^^  ^-^^  laborers  was  assigned  to  smoothing  off  the 

sea  wall  at  Governors  Island,  N    Y     The  work  is  de-  ^^^^^  ^^^  cleaning  away  the  surplus  mortar  before  it 

scribed  by  Mr.  Henry  W.  Babcock,  U.  S.  Assistant  En-  ^^^  g^^ 

gineer,     in    the    July-August    Professional    Memoirs,  j^  ^^g  ^^  ^^^^  intended  to  mix  the  cement  and  sand 

from  which  the  following  notes  have  been  taken:  ^^  ^  to  2.     The  Cement  Gun  men  said  that  their  ex- 

The  sea-wall  is  built  of  heavy  stones  laid  in  courses;  perience  led  them  to  believe  that  the  force  with  which 
none  of  the  courses  were  required  to  be  of  uni-  the  mortar  was  driven  caused  some  of  the  sand  to  re- 
form height  throughout  except  the  coping,  which  was  bound,  and  that  1  to  3  was  a  better  proportion.  This 
1  ft.  high  and  3  ft.  wide.  The  joints  were  ordinarily  was  adopted.  In  these  closed  joints,  however,  the  loss 
1  to  11/2  in.  thick,  sometimes  reaching  2  in.  On  the  of  sand  from  this  cause  was  small.  It  is  estimated 
northwest,  or  Hudson  River,  side  of  the  wall  the  mor-  that  between  10  and  15  per  cent  of  the  mortar  was 
tar  had  come  out  of  the  joints,  almost  generally,  indi-  wasted  from  spattering  and  overfilling  the  joints,  and 
eating  that  the  joints  had  not  been  made  full,  but  that  this  contained  practically  the  same  proportion  of 
voids  had  been  left  in  which  ice  formed.  Frequently  sand  as  the  original  mixture, 
the  joints  were  found  open  to  a  depth  of  2  ft.  or  more.  ^o  drive  the  cement  and  sand  through  the  hose  with 

The  Cement  Gun  Co.  furnished  the  cement  gun  at  compressed   air,   it   is   essential   that  the  mixture   be 

$250  a  month;  the  air  compressor  at  $5  a  day;  an  op-  quite  dry.     In  the  early  part  of  June  there  was  much 

erator  for  the  gun  at  $6  a  day,  and  an  engineman  to  damp,  foggy  weather  and  the  sand  got  damp  and,  al- 

run  the  compressor  at  |4  a  day.     The  United  States  though  the  cement  was  kept  quite  dry,  the  mixture 

furnished  5  to  7  laborers,  a  horse  and  cart  and  an  clogged  in  the  hose.    It  is  very  probable  that  the  com- 

overseer.     The  lease  with  the  Cement  Gun  Co.  also  pressed  air  was  also  fully  saturated.    The  trouble  was 

provided    for   payment    to    them     of    transportation  overcome  by  heating  the  sand  on  an  iron  plate  over 

charges  on  the  plant  and  for  4  days'  time  allowed  for  a  fire  of  drift  wood. 

transportation.       The    transportation    charges    were  The  filled  joints  were  probed  with  an  iron  bar  at 

$216,  being  about  trebled  for  the  requirement  of  de-  several  points  to  see  whether  the  mortar  penetrated 

livery  on  the  island.  the  full  depth  of  the  joint.    It  appeared  to  do  so.    A 

Work  was -begun  at  the  north  end  of  the  extension  test  was  made  by  building  a  box  3  ft.  long  (the  max- 

sea-wall  near  Castle  William  on  June  1,  1916,  and  was  imum  depth  of  joint),  18  in.  wide  and  1  in.  high,  with 

stopped  June  29,   1916,  at  a  point  of  4,170  ft.  from  one  end,  18  in.  by  1  in.,  open.     This  was  laid  flat  on 

the  beginning.     The  linear  feet  of  joints  pointed  was  the  wall  and  mortar  driven  into  it  with  the  gun,  as 

about  22,320,  averaging  900  ft.  to  the  working  day.  in  ordinary  work.     The  box  was  covered  with  canvas 

At  the  beginning,  the  rate  was  much  slower  on  ac-  and  sand,  and  after  three  days  it  was  opened.     The 

count  of  inexperience  and  bad  weather,  although  the  mortar  had  filled  the  entire  box,  with  exception  of  a 

location  was  near  the  sand  pile  and  the  cement  stor-  small  pocket  of  dry  sand  on  each  side  about  half  way 

age.     The  rate  also  varied  on  account  of  tides,  more  in,  and  another  very  small  one  at  each  back  corner, 

work  being  accomplished  when   low    tides    occurred  The  slab  of  mortar  was  cracked  through  in  two  places, 

near  the  middle  of  the  day.  during  handling.     The  bottom  of  the  slab  was  homo- 

In   filling  the  joint,  the  operator  turned  on  water  geneous  and  smooth,  with  impression  of  the  grain  of 

onlv  until  the  joint  was  washed  clean,  then  the  mix-  the  wood.    The  top  was  uniform  only  for  the  outer  12 

ture  of  cement  and   sand  with  the  water,  sweeping  in-  farther  back  it  had  several  depressions  of  Vs  in. 

over  anv  convenient  length  of  4  to  8  ft.  at  a  time.   The  or  less,  looking  as  if  water  had  stood  there,  separating 

mortar  filled  the  joint  gradually  in  from  2  to  5  min-  from  a  too  wet  mixture,  and  had  dried  away.     The 

utes,  depending  largely  on  the  voids  as  well  as  on  the  character  of  the  mortar  was  not  uniform.     For  12  in. 

length  covered.     When  the  joint  was  nearly  full,  the  f™m  the  open  front  it  was  compact  and  good;  back 

visible  completion  appeared  sudden.  of  this   it   became  more   porous  with  more  frequent 

The  operator  stood  on  the  riprap  foundation  of  the  grains  of  coarse  sand, 

wall  during  work  until  the  tide  rose  too  high  for  rub-  A  very  crude  breaking  test  of  sections  of  the  slab 

ber  boots,  when  a  plank  swing  was  hung  over  the  wall  was  made  when  it  was  16  days  old  (July  14),  by  stand- 

for  a  platform;  this  was  for  about  33  per  cent  of  the  ing  in  the  middle  of  the  sections;  the  sections  were 

time.  of  different  widths,  according  as  the  slab  broke,  each 

Some  difficulty  was  met  with  in  the  lower  joints,  being  a  beam  18  in.  long,  12  in.  between  supports,  and 

which  are  under  water  at  high  tide.     They  could  be  1  in.  thick. 

filled  only  at  low  tide,  and  the   swash   of  waves   or  ^wWch°"                breaWngioad 

swells  from  passing  steamers  would  often  wash  out  pressure    width  of               Per 

'            J       iv.       j;    o    i      /.    •                          ij.        I.-    I.  was  applied,    beam.     Total,     sq.  m. 

the  mortar  for  a  depth  of  3  to  6  in.,  a  result  which  in.        in.         Lb.       Lb. 

would    happen    from     ariy    pointing.     Covering  these  il^^ion  from  mner^end  ^of^^siab...  4          ^8         100         12% 

joints    with    a    weighted    canvas    screen     was    tried.      Section  from  outer  end  of  slab 1         13         25<i         21 

but  it  was  not  effectual.  Towards  the  close  of  the  This  is  altogether  too  inaccurate  for  a  test  of  the 
work,  a  few  linear  feet  of  joint  were  covered  with  class  of  mortar;  it  gives  a  fair  idea  of  the  relative 
plaster  of  Paris,  Vs  to  %-in.  thick.  This  set  at  once  strength  in  different  parts  of  the  slab, 
and  stayed  on  for  a  day,  when  the  cement  had  hard-  None  of  the  mortar  in  the  slab  was  really  first  class; 
ened.  It  was  rather  slow  and  expensive  for  general  it  might  be  called  fair.  It  filled  the  joints  to  an  ex- 
use,  tent  which  could  not  be  done  otherwise: 

At  the  beginning  of  work,  the  belt  drive  from  the  Expenditures: 

compressor  to  the  pump   wore  out    and    broke    fre-        Rental  of  cement  gun ^?i9-Sn 

. ,  riM.  i  ?i        1      J  i        1.    i.     ii?  ii-  i  Rental    of    compressor    125.00 

quently.    The  operator  often  had  to  shut  off  the  water,        services  of  operator  iso.oo 
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Services   of  compressor  enginenian    100.00 

Transportation,    inclucllng    4    days'    rental    time  216.00 

Rental,    3    tarpaulins    to    cover    cement    

Services: 

Manisees    and    Ingalls     and      crew,      freighting 

Kupplies    and    general    assistance ' J171.58 

U.    S.    inspector  and   overseer,   with   5   to   7   men  641.09 

2    horses,    carts,    and    drivers,    34    days 136.00 

1  double  team  and  driver,   1  day   S.OO 

Materials: 

SOO   bags   cement    $324.00 

125  2S/100  cu.  yd.  sand 91.71 

635  gallons   gasoline    152.40 

Force   pump,    fittings,    and    hose    for   water 81.66 

Lumber,    runways   and    mortar   beds    59.76 

Tools:    Wheelbarrows,    shovels,    sand  screen,   etc.  34.60 

Rope,  for  moving  machines  24.09 

Miscellaneous:    Canvas,    rubber    boots,    etc 39.48 

Office   expenses   and   travel    $258.93 

Photographs    7.45 


Total    ?2,913.60 

This  cost  will  be  reduced  by  a  rebate  on  cement 
bags  returned  in  good  condition;  not  yet  determined, 
but  probably  about  $60. 

The  value  of  materials  and  tools  not  used  up  on 
the  work  is  estimated  at  $262.70.  This  will  not  far 
exceed  the  cost  of  removing  them  and  storing  them 
until  needed,  and  must  be  regarded  as  part  of  the  cost 
of  work  in  a  locality  such  as  Governors  Island. 

The  length  of  joints  repointed,  22,320  ft.,  was  meas- 
ured, and  is  essentially  correct.  The  open  widths 
varied  from  2yo  in.  to  nothing,  and  the  depths  re- 
pointed  from  36  in.  to  3  in.  These  can  not  be  averaged 
with  any  accuracy,  being  almost  wholly  out  of  sight. 
It  is  roughly  estimated  that  the  average  thickness  of 
joint  is  slightly  less  than  1  in.,  and  the  average  depth 
perhaps  12  to  15  in. 

The  cost  of  this  work  with  the  cement  gun  was  not 
far  from,  the  cost  for  the  same  lengths  of  joint  re- 
pointed  by  hand.  Hand  work  would  give  a  better  fin- 
ish, but  would  hardly  extend  more  than  4  in.  into  the 
wall. 

The  cost  at  Governors  Island  is  10  to  15  per  cent 
more  than  it  would  be  at  an  accessible  point  in  this 
city. 

In  operating  the  cement  gun,  a  large  supply  of  com- 
pressed air  is  needed.  It  is  used  to  turn  the  cement 
and  sand  feed  as  well  as  to  carry  the  dry  mixture. 
This  mixture  will  choke  in  the  hose  unless  diluted 
with  a  large  amount  of  air.  From  such  observations 
as  could  be  made,  it  appeared  that  the  volume  of  sand 
and  cement  carried  was  from  1  to  2  per  cent  the  vol- 
ume of  the  air  used  as  a  vehicle. 

The  amount  of  water  required  was  given  by  the 
Cement  Gun  Co.  as  5  gal.  per  minute,  at  pressure  of 
about  45  lb.  This  quantity  was  seldom  used,  and  the 
stated  pressure  is  not  needed.  The  suction  from 
the  air  blast  would  draw  in  the  water  if  delivered  at 
the  nozzle  under  a  much  lower  head. 

At  Governors  Island,  fresh  water  could  not  be  had 
along  the  line  of  the  sea-wall;  and  salt  water  from 
the  bay  was  used,  pumped  up  through  a  fine  brass 
mesh. 

An  examination  was  made  Oct.  9,  1916,  and  another 
May  17,  1917.  In  neither  case  was  there  found  any 
deterioration  since  the  repainting  was  done.  For 
about  half  the  length  of  wall  repointed,  the  lower 
joints,  at  and  below  half  tide,  are  from  2  to  3  in.  slack; 
and  for  a  length  of  125  ft.,  near  the  lighthouse,  the 
lower  joint  is  from  10  to  15  in.  slack.  This  125  ft. 
was  repointed  June  22,  1916,  when  the  sea  from  a 
strong  northwest  wind  washed  the  mortar  out  while 
it  was  fresh. 

On  May  17,  test  drills  were  driven  6  in.  into  the 
joints  at  these  places  ;  the  mortar  was  everywhere  firm 
and  very  hard.  With  hand  pointing,  the  joints  would 
not  be  filled  to  a  depth  of  6  in. 


Moving  1,000-Ton  Barge   1  Mile 
Overland 

An  unusual  moving  undertaking  was  carried  out  re- 
cently by  a  Seattle,  Wash.,  contractor.  A  1,000-ton 
barge,  160  ft.  by  40-ft.  beam,  was  moved  overland  for 
a  distance  of  one  mile.  During  a  heavy  gale  last 
March  the  barge  was  carried  ashore  and  left  on  the 
beach  7  miles  below  Copalis,  Wash.     Owing  to  the 


Barge    Blocked    Up    Ready    to    Cross    Swamp. 

surf  the  barge  could  not  be  launched  where  it  lay,  so 
it  was  necessary  to  move  it  across  a  peninsula  to  the 
quiet  waters  of  a  bay. 

The  barge  was  raised  by  means  of  200  jackscrews 
and  rollers  and  blocking  placed  underneath.  It  was 
then  moved  ahead  a  few  rods  and  turned  around  to 


Nature    of    Ground    Over    Which    the    Barge    Was    Moved. 

head  for  the  bay.  After  leaving  the  beach  for  about 
half  the  distance  sand  hills  were  the  only  obstacle  to 
be  overcome.  The  balance  of  the  way,  however,  was 
covered  with  timber  and  swamps,  and  as  it  was 
necessary  to  keep  the  track  as  level  as  possible  much 
excavation  had  to  be  done.    In  crossing  a  swamp  300 


(36) 


August  15,  1917. 


ENGINEERING    AND     CONTRACTING 


141 


ft.  wide  cribbing  10  ft.  high  was  required  to  keep  the 
track  level. 

Power  was  furnished  by  a  donkey  engine  aboard 
a  barge,  the  cables  being  attached  to  large  logs  buried 
in  the  sand.  About  2,000  ft.  of  lV2-in.  rope  and  many 
hundred  feet  of  smaller  rope  were  used  for  tackle. 

The  barge  was  pulled  out  as  far  as  possible  in  the 
mud  flats  of  the  bay  and  floated  at  high  tide.  The 
whole  operation  was  accomplished  in  60  days.  Curtis 
Bros.,  Seattle,  Wash.,  were  the  contractors. 


Bucket  Loader  with  Disc  Feeding  Device 

A  new  type  of  wagon  loader  is  being  used  with  very 
successful  results  in  the  plant  of  the  Wabash  Port- 
land Cement  Co.  at  Stroh,  Ind.  Its  distinguishing  fea- 
ture is  a  digging  device  which  digs  to  a  width  of  5 
ft.  cutting  under  the  pile  of  material  and  making  a 
swath  in  advance  of  the  traction  wheels.  This  mech- 
anism eliminates  all  labor  required  in  shoveling  to 
the  buckets,  so  that  one  operator  alone  can  keep  the 
machine  continuously  up  to  the  capacity. 

The  digging  device  consists  of  a  pair  of  horizontal 
revolving  discs  set  almost  flat  on  the  ground,  but  with 
a  slight  pitch  toward  the  pile.  The  rotation  of  the 
two  discs  carries  the  material  to  the  center  where  it 
is  picked  up  by  the  buckets  digging  from  the  hard 
surface  of  the  discs.  The  wide  digging  face  of  this 
loader  enables  it  to  handle  a  large  quantity  of  ma- 
terial with  very  little  movement  of  the  machine  and 
it  also  enables  the  machine  to  advance  into  the  pile 
without  obstruction. 

At  the  plant  of  the  Wabash  Portland  Cement  Co. 
the  machine  is  employed  in  loading  cement  clinker 
from  piles  into  small  cars.     It  is  stated  that  the  in- 


Barber-Greene    Wagon     Loader. 

stallation  of  the  loader  has  enabled  3  men  to  replace 
a  force  of  14. 

The  loader  will  handle  stone,  sand  or  gravel  and,  in 
fact,  can  be  used  whenever  bulk  material  of  almost 
any  character  must  be  handled  in  quantities  from  open 
piles  to  wagons,  truck  or  cars. 

The  loader  was  developed  by  the  Barber-Greene  Co., 
Aurora,  III.,  and  patents  for  it  are  now  pending.  It 
is  manufactured  by  the  above  mentioned  company. 


The  Great  Northern  Ry.  proposes  an  expenditure 
of  $20,000,000  for  improvements,  to  include  double 
tracking,  and  enlarging  old  shops  and  building  new 
ones. 


Washery  Replaces  Dry  Screening 
Plant  at  Tecumseh,  Mich. 

The  present-day  demand  for  sand  and  gravel  is 
chiefly  for  thoroughly  washed,  perfectly  graded  ma- 
terials. The  effect  of  this  demand  is  appreciated  by 
comparing  plants  of  recent  design  with  the  plants  they 
replaced. 

The  new  washery  of  the  Tecumseh  Gravel  Co.  on 
the  D.,  T.  &  I.  R.  R.  IV2  miles  south  of  Tecumseh, 
Mich.,  furnishes  an  extreme  example  of  the  contrast 
between  old  and  new  methods. 

The  old  plant  of  this  company  produced  no  washed 
material.  Its  principal  output  was  bank  run  material 
of  which  an  average  of  800  yd.  a  day  was  shipped  out. 
A  small  amount  of  dry-screened  gravel  and  sand  was 
produced  by  digging  from  the  bank  with  a  Jeffrey 
wagon  loader,  a  machine  commonly  used  for  loading 
from  stock  piles  to  wagon  and  trucks.    With  this  ma- 


New   Plant  of  Tecumseh  Gravel   Co. 

chine  it  was  possible  to  dig  from  a  bank  alongside  the 
railroad  siding  and  elevate  the  material  to  a  revolving 
screen  which  rejected  the  "oversize"  and  separated 
the  material,  producing  one  size  each  of  unwashed 
gravel  or  sand.  One  kind  of  material  could  be  loaded 
at  a  time.  If  a  car  was  being  loaded  with  gravel  a 
chute  from  the  screen  loaded  gravel  into  the  car  and 
the  sand  dropped  to  a  storage  pile  to  be  rehandled 
later.  A  Marion  "28"  steam  shovel  excavated  and 
loaded  the  bank-run  material  direct  into  gondola  cars. 

The  new  plant  shown  in  the  illustration  produces 
three  sizes  of  washed  gravel  and  two  grades  of  sand — 
concrete  sand  and  plaster  sand.  A  slack  line  cable- 
way  excavator  with  a  l^-yd.  Dull  rear-dumping  ex- 
cavator bucket  operated  by  a  12x12  Lidgerwood 
double-drum,  double-cylinder  hoist  digs  the  material 
from  the  old  pit  which  had  been  worked  to  within  a 
few  feet  of  the  water-line  by  the  steam  shovel.  With 
the  cableway  it  is  possible  to  take  out  the  under-water 
deposits  which  tests  have  shown  run  to  a  depth  of  70 
ft.  The  operations  of  this  cableway  will  cover  a 
radius  of  500  ft.  from  the  washery. 

The  cableway  excavator  digs,  elevates  and  conveys 
the  material  to  a  hopper,  which  feeds  the  screens. 
Then,  in  turn,  the  material  passes  through  a  Dull  pre- 
liminary scrubber  of  60-in.  diameter  and  96-in.  length 
and  four  Dull  inclined  conical  gravel  washing  screens, 
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each  63-in.  x  31'/2-in.  x  84  in.  The  final  step,  separating 
the  sand,  is  accomplished  by  two  72-in.  Dull  conical 
sand  separators  and  a  sand  launder  for  the  very  fine 
sand. 

The  "oversize"  gravel,  rejected  by  the  first  screen 
falls  down  a  chute  to  a  small  bin  at  the  front  end  of 
the  plant  to  be  crushed  to  li4-in.  size  by  a  No.  5  Austin 
gyratory  crusher  and  re-elevated  to  the  screens  by  a 
bucket  elevator. 

A  100-H.P.  Primm  oil  engine  furnishes  power  for  the 
screens,  bucket  elevator  and  5-in.  American  Well 
Works  centrifugal  pump  which  pumps  water  to  the 
screens.  Rope  drive  from  jack  shaft  of  engine  op- 
erates screens  and  elevator  and  the  pump  is  belt-con- 
nected to  jack  shaft. 

The  various  sizes  of  material  as  fast  as  they  are 
separated  find  their  way  into  their  respective  storage 
bins.  Loading  for  shipment  is  accomplished  by 
spouts  direct  from  bins  to  cars.  Orders  for  bank-run 
gravel  are  still  filled  by  using  the  steam  shovel  and 
working  a  new  bank  adjacent  to  the  washery. 

The  present  output  of  the  washery  with  six  or  seven 
men  employed  is  500  yd.  of  all  sizes  of  material  in  a 
10-hour  day.  The  plant  has  just  been  equipped  with 
a  modern  electric  spot-lighting  system  and  will  be 
operated  day  and  night. 

This  plant  was  designed  and  equipped  by  the  Ray- 
mond  W.    Dull    Co.    of   Chicago. 


Electric  Locomotive  in  Mining  Gravel 

A  6-ton  Goodman  electric  locomotive  operated  by 
trolley,  is  used  by  the  Wilcox  Co.  of  Chicago,  in  mining 
38  acres  of  gravel  deposits  at  Fontana,  Wis.  On  a 
haul  of  1,000  ft.,  90  tons  per  hour  are  handled  by  this 


Self  Contained  Gasoline  Rock 
Drilling  Plant 

A  gasoline  rock  drill  made  as  a  complete  self-con- 
tained plant  mounted  on  a  tripod  has  been  developed 
by  Mr.  L.  L.  Scott,  an  engineer  of  St.  Louis,  Mo.  The 
drill  operates  on  the  hammer  principle.  A  hollow 
hexagon  drill  steel  is  used,  no  special  shank  being  re- 
quired, and  the  water  for  cooling  the  engine  is  run 
through  the  hollow  steel  to  the  bottom  of  the  drill 
hole.  The  engine  is  a  simple  single  cylinder  two  cycle. 
The  hammer  is  moved  directly  by  explosive  pressure 
and  strikes  a  "free  piston"  blow.  There  are  two  pis- 
tons, one  contained  within  the  other.  The  outside 
piston  is  the  hammer  and  has  no  mechanical  connec- 
tion with  the  inside  piston,  which  latter  is  connected 
to  the  crankshaft  through  connecting  rods.  An  ex- 
plosion takes  place  with  every  down  stroke,  driving 
the  pistons  downward. 

The  hammer  piston  strikes  its  blow  on  a  tappet, 
which  contacts  with  the  end  of  the  drill  steel  at  about 


Electric    Locomotive    at    Fontana,    Wis.,    Gravel    Plant. 

locomotive  and  four  Sackett  bottom-dump  cars.  The 
locomotive  hauls  two  cars  to  the  plant  and  back  while 
the  other  two  cars  are  being  loaded  by  the  Bucyrus 
shovel. 


Three  contracts  aggregating  over  $555,000  have 
been  awarded  in  the  last  few  days  for  state  highway 
construction  in  Oregon.  One  of  these  contracts 
amounting  to  over  $265,000  calls  for  the  grading  and 
hard  surfacing  of  15  miles  of  road. 


The    Scott   Gasoline    Rock    Drill. 

60"  before  the  crankshaft  has  reached  its  lower  dead 
renter.  The  inside  piston  moves  on  with  the  crank 
shaft  and  uncovers  air  ports  in  the  hammer  piston, 
and  on  the  back  stroke  the  hammer  is  picked  up  on  a 
cushion  of  air.  When  the  hammer  strikes  its  blow,  it 
is  free  and  disconnected  from  all  parts. 

The  drill  steel  is  rotated  step  by  step  by  a  special 
"compound"  gear.  Gasoline  is  supplied  from  a  small 
steel  pressure  tank.  A  pressure  of  2  lb.  is  pumped  up 
by  hand  twice  per  day.  The  Atwater-Kent  Unisparker 
ignition  is  used  and  is  entirely  enclosed.  All  oiling  is 
automatic. 

These  drills  have  been  operated  in  quarries  at  St. 
Louis  for  the  past  5  years.  One  of  them  working  at 
the  quarry  of  the  Glencoe  Lime  &  Cement  Co.,  St. 
Louis,  is  stated  to  have  drilled  68  ft.  in  hard  lime- 
stone in  a  9-hour  day,  using  2  gal.  of  gasoline  and  % 
pint  of  cylinder  oil.  The  machine  weighs  200  lb.  with- 
out the  mounting.  It  is  claimed  to  drill  holes  up  to  12 
ft.  in  depth. 
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A  Self  Loading  Excavator 

A  self-loading  excavating  machine  having  a  num- 
ber of  interesting  features  has  been  developed  by  an 
Iowa  manufacturer.  The  loading  device  is  attached 
to  the  front  end  of  the  body,  which  is  pivoted  on  the 
rear  axle  a  little  back  of  its  center.  The  cutting  blade 
is  attached  to  the  main  frame  of  the  body  and  extends 
back  to  a  steel  guard  which  extends  a  little  over  the 
lower  front  end  of  an  endless  elevator  apron,  which 
elevates  the  dirt  into  the  front  end  of  the  body.  In 
the  bottom  of  the  body  is  a  main  endless  apron,  which 
carries  the  material  to  the  rear  of  the  body  as  fast 


of  the  disrupted  limestone  were  too  large  for  the 
shovel  dipper,  and  an  additional  hole'  was  drilled  at 
the  intersection  of  the  diagonals  of  each  square  and 
sometimes  several  small  air-drilled  holes  were  made 
through  the  limestone.  These  small  holes  were  made 
by  small  motor-driven  compressed  air  drills.  The 
amount,  distribution  and  strength  of  the  blasting 
charge  was  determined  by  trial.  Experiments  were 
made,  using  dynamite  varying  in  strength  from  40 
per  cent  to  75  per  cent,  and  concentrating  the  dyna- 
mite charge  near  the  bottom  of  the  holes,  at  top  and 
bottom  of  holes  and  uniformly  distributing  the  charge 
throughout  the  holes.    The  best  results  were  obtained 
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Battery    of    Self-Loading     Excavating    Machines    Showing    Methods    of    H: 


as  the  front  end  is  filled.  The  front  end  of  the  body, 
to  which  the  blade  is  attached,  is  raised  and  lowered 
by  a  worm  gear,  which  is  under  the  control  of  the 
operator  and  can  be  held  to  any  depth  desired.  Both 
the  elevator  apron  and  the  main  apron  are  under  the 
control  of  the  operator,  and  either  may  be  run  inde- 
pendent of  the  other. 

In  loading  the  machine  the  elevator  is  thrown  in 
gear  and  the  front  of  the  body  lowered  until  the  cut- 
ting edge  is  the  desired  depth,  then  as  the  front  end 
of  the  body  is  filled  the  main  apron  is  throvni  into 
gear  as  desired,  until  the  load  is  completed.   The  front 


Self-Loading     Excavating     Machine. 

is  then  raised  and  the  load  is  ready  to  be  delivered. 
The  load  may  be  dumped  in  one  place  by  a  foot  lever 
or  spread  while  the  machine  is  advancing  45  ft.  by 
throwing  the  main  apron  into  gear.  It  is  not  neces- 
sary to  stop  the  machine  for  any  operation  except 
when  dumping  in  one  place  by  means  of  the  foot  lever. 
The  machine  is  hauled  by  four  horses  or  by  a  light 
tractor.  In  the  former  case  one  man  handles  the  ma- 
chine and  the  horses.  It  is  claimed  that  l^a  cu.  yd. 
of  earth  can  be  excavated  and  loaded  in  about  20  sec- 
onds. The  excavator  is  manufactured  by  the  Spauld- 
ing  Manufacturing  Co.  of  Grinnell,  la. 


Spacing  of  Drill  Holes  and  Strength  of 
Blasting  Charge 

In  the  rock  excavation  in  connection  with  the  widen- 
ing of  the  Louisville  &  Portland  Canal  at  Louisville, 
Ky.,  the  proper  spacing  for  drill  holes  was  determined 
largely  by  trial.  At  first,  holes  were  drilled  at  cor- 
ners of  10-ft.  squares,  but  later  the  dimensions  of  the 
squares  was  reduced  to  7  ft.    Even  then,  some  pieces 


with  the  holes  spaced  7  ft.  in  both  directions  and  with 
a  charge  of  75  per  cent  dynamite  concentrated  in  equal 
amounts  near  the  top  and  bottom  of  holes.  The  drill 
holes  were  carried  18  in.  below  grade,  but  in  spite  of 
this  it  was  occasionally  necessary  to  redrill  the  bed 
rock  after  blasting.  With  this  method  of  drilling  and 
charging,  the  amount  of  dynamite  used,  per  cubic  yard 
of  rock,  averaged  0.4  lb.  The  number  of  holes  ex- 
ploded at  one  blast  was  limited  to  from  10  to  15,  be- 
cause of  complaints  made  by  residents  adjacent  to 
the  work  claiming  annoyance  and  damage  from  flying 
rock  fragments. 


New  Exhibition  to  Supersede  Annual 
Cement  Show 

The  first  Chicago  Cement  Machinery  and  Building 
Material  Show  will  be  held  February  6-13  in  the 
Coliseum,  Chicago.  The  Cement  Products  Exhibition 
Co.  will  not  stage  a  cement  show  in  the  Coliseum  in 
1918  and  the  new  show,  held  under  the  auspices  of 
the  National  Exhibition  Co.,  123  West  Madison  St., 
Chicago,  is  planned  to  take  the  place  of  the  annual 
cement  shows. 

With  few  minor  exceptions  the  coming  show  will 
be  handled  in  the  same  manner  as  the  last  cement 
show.  The  one  important  change  substituted  by  the 
new  show  is  that  machines  and  products  of  interest 
to  builders,  even  though  they  do  not  relate  to  con- 
crete, will  be  permitted.  Practically  the  same  rules 
which  governed  the  last  cement  show  will  govern  the 
coming  exhibition.  Vigorous  efforts  will  be  made  to 
secure  meetings  during  the  period  of  the  show  of 
such  organizations  as  the  National  Builders'  Supply 
Association,  the  Illinois  Lumber  and  Builders'  Supply 
Dealers'  Association,  the  American  Concrete  Pipe  As- 
sociation, the  American  Concrete  Institute,  the  Amer- 
ican Association  of  Engineers,  etc. 

The  same  space  arrangement  used  at  the  last  ce- 
ment show  will  be  used  again.  The  equipment  used 
at  the  Coliseum  last  year  has  been  purchased  for  the 
coming  show. 

L.  F.  Mead,  to  whose  efforts  much  of  the  success 
of  the  last  several  cement  shows  has  been  attributed, 
has  been  selected  to  manage  the  new  undertaking. 


(39) 


144 


EXGIXEERING    AND     CONTRACTING 


Vol.  48,  No.  7. 


Louisville,    Ky.     Con- 
Constructing  quarter- 


Battle      Creek,      Mich. 
Constructing    quarter- 


Names    and    Locations    of    New 

National  Army  and  National 

Guard  Mobilization  Camps 

The  new  National  Army  cantonments  and  the  Na- 
tional Guard  mobilization  camps,  with  names  of  con- 
tractors and  constructing  quartermasters,  are  located 
as  follows: 

NATIONAL  ARMY   CANTONMENTS. 

Seventy -sixth  Division. — Camp  Devens,  -\yer,  Mass.  Con- 
tractor, Fred  T.  Ley  &  Co.,  Springfield,  Ms.ss.  Constructing 
quartermaster,    Capt.    Edward    Cantield,    Jr. 

.Seventy-seventh  Division. — Camp  Upton,  Taphank.  L.  I. 
Contractor,  Thompson  Starrett  Co..  New  York  City.  Construct- 
ing quartermaster,   Maj.    O'Kelly  Myers. 

Seventy-eighth  Division. — Camp  Dix.  Wrightstown,  N.  J. 
Contractor,  Messrs.  Irwin  &  Leighton,  Philadelphia,  Pa.  Con- 
structing quartermaster,    Harry   O.    Williams. 

Seventy-ninth  Division. — Camp  Meade,  Annapolis  Junction, 
M'd.  Contractor,  Smith,  Hauser  &  Maclsaac,  New  York  City. 
Constructing  quartermaster,   Maj.   Ralph  F.   Proctor. 

Eightieth  Division. — Camp  Lee,  Petersburg,  Va.  Contractor, 
Rhinehardt  &  Dennis,  Charlottesville,  Va.  Constructing  quarter- 
master,  Capt.   Edwards. 

Eighty-first  Division. — Camp  Jackson,  Columbia,  S.  C.  Con- 
tractor, Hardaway  Constructing  Co.,  Columbus,  Ga.  Construct- 
ing quartermaster,   Maj.  William  Couper. 

Eighty-second  Division. — Camp  Gordon,  Atlanta,  Ga.  Con- 
tractor, .Arthur  Tufts  Co.,  Atlanta,  Ga.  Construction  quarter- 
master, Maj.   James  N.  Pease. 

Eighty-third  Division. — Camp  Sherman,  Chillicothe.  Ohio. 
Contractor,  The  A.  Bentley  Co.,  Toledo,  Ohio.  Constructing 
quartermaster,   Capt.  Ward  Dabney. 

Eighty-fourth  Division. — Camp  Taylor, 
tractor.  Mason  &  Hanger,  Richmond,  Ky. 
master,   Maj.   F.   E.   Lamphere. 

Eighty-fifth  Division. — Camp  Custer, 
Contractor,  Porter  Bros.,  Detroit,  Mich, 
master,  Maj.   Earle  B.  Morden. 

Eighty-sixth  Division. — Camp  Grant,  Rockford,  III.  Contrac- 
tor, Bates  Rogers  Construction  Co.,  Chicago,  111.  Constructing 
quartermaster,   Maj.   D.    H.    Sawyer. 

Eighty-seventh  Division. — Camp  Pike,  Little  Rock.  Ark.  Con- 
tractor, James  Stewart  &  Co.,  NewY'ork  City.  Constructing 
quartermaster,   Maj.   John   R.    Fordyce. 

Eighty-eighth  Division. — Camp  Dodge,  Des  Moines.  Iowa, 
Contractor,  Charles  Weitz  &  Sons,  Des  Moines,  Iowa.  Con- 
structing  quartermaster.    M'.    A.    Butler. 

Eighty-ninth  Division. — Camp  Funston,  Fort  Riley,  Kans. 
Contractor.  George  A.  Fuller  Co.,  New  York  City.  Construct- 
ing  quartermaster,    Capt.    F.    J.    Herman. 

Ninetieth  Division. — Camp  Travis,  Fort  Sam  Houston.  San  An- 
tonio,  Tex.     Contractor,   Stone  &  Webster   Co.,   Boston.   Mass. 

Ninety-first  Division. — Camp  Lewis,  American  Lake,  Wash, 
Contractor,  Hurley  Mason  Co.,  Tacoma,  Wash.  Constructing 
quartermaster,  Capt.  D.  L.  Stone. 

NATIONAL    GUARD    MOBILIZATION    CAMPS. 

Twenty-sixth  Division. — Camp  Green,  Charlotte,  N.  C.  Con- 
tractor, Consolidated  Engineering  Co.,  Baltimore,  Md.  Con- 
structing quartermaster,  Maj.   C.  H.  Greene. 

Twenty-seventh  Division. — Camp  Wadsworth,  Spartansburg, 
S.  C.  Contractor,  Fiske-Carter  Construction  Co.,  Greenville, 
S.  C.     Constructing  quartermaster,  Lieut.  Col.  J.  D.  Kiliatrick. 

Twenty-eighth  Division. — Camp  Hancock,  Augusta,  Ga.  Con- 
tractor, T.  O.  Brown  Co.,  Augusta,  Ga.  Constructing  quarter- 
master,  Maj.    Gratz   B.   Strickler. 

Twenty-ninth  Division. — Camp  McClellan,  Anniston,  Ala.  Con- 
fractor,  John  O.  Chisolm  &  Co.,  New  Orleans,  La.  Constructing 
quartermaster,  Maj.   L.  C.   Dulin. 

Thirtieth  Division. — Camp  Sevier,  Greenville,  S.  C.  Contrac- 
tor, Gallivan  Building  Co.,  Greenville,  S.  C.  Constructing  quar- 
termaster,   Maj.   A.   G.   Doyle. 

Thirty-first  Division. — Camp  Wheeler,  Macon,  Ga.  Contrac- 
tor, W.  Z.  Williams,  Macon,  Ga.  Constructing  quartermaster, 
Walter  Hernwood. 

Thirty-second  Division. — Camp  MacArthur,  Waco,  Tex.  Con- 
tractor, Fred  A.  Jones  Construction  Co.,  Dallas,  Tex.  Con- 
structing quartermaster,   M'aJ.   Matthew  Hanson. 

Thirty-third  Division. — Camp  Logan,  Houston,  Tex.  Contrac- 
tor, American  Construction  Co.,  Houston,  Tex.  ..  Constructing 
quartermaster,    Capt.   W.   P.   Rothrock. 

Thirty-fourth  Division.— Camp  Cody,  Deming,  N.  Mex.  Con- 
tractor, J.  W.  Thompson  Co.,  St.  Louis.  Mo.  Constructing 
quartermaster,    Maj.    Charles   H.    Miller. 


Con- 
Con - 


Thirty-fifth  Division. — Camp  Doniphan,  Fort  Sill,  Okla. 
tractor,  Selden  Breck  Construction  Co.,  St.  Louis,  Mo. 
structing  quartermaster,   Maj.   George  D.   Guyer. 

Thirty-sixth  Division. — Camp  Bowie,  Fort  Worth,  Tex.  Con- 
tractor, J.  W.  Thompson,  Dallas,  Tex.  Constructing  quarter- 
master,   Maj.   P.    J.    Vanzuben. 

Thirty-seventh  Division. — Camp  Sheridan,  Montgomery,  AJa. 
Contractor,  Algernon  Blair,  Montgomery,  Ala.  Constructing 
quartermaster,    Maj.    A.    W.    Reynolds. 

Thirty-eighth  Division. — Camp  Shelby,  Hattiesburg,  Miss. 
Contractor,  T.  S.  Moody  &  Co.,  Chattanooga,  Tenn.  Construct- 
ing quartermaster,  Maj.  W.   J.   Howard. 

Thirty-ninth  Division. — Camp  Beauregard,  Alexandria,  La. 
Contractor,  Stewart  M'cGehee  Construction  Co.,  Little  Rock,  Ark. 
Constructing  quartermaster.   Maj.  W.  R.   Goss. 

Fortieth  Division. — Camp  Kearney,  Linda  Vista,  Cal.  Con- 
tractor, W.  E.  Hampton  Co.,  Los  Angeles,  Cal.  Constructing 
quartermaster.    First   Lieut.    Charles   Rogers. 

Forty-first  Division. — Camp  Fremont,  Palo  Alto,  Cal.  Con- 
tractor,  The  Lindgren   Co..   San  Francisco,  Cal. 


Personals 

George  Wells  has  been  appointed  County  Engineer  of  High- 
ways of  Pilie  County,  Kentuclsy,  with  oifices  at  Plkesville,  Ky. 

W.  L.  Sackett  has  been  appointed  Superintendent  of  Water- 
ways of  the  State  Department  of  Public  Works  and  Buildings 
of  Illinois.  i 

W.  C.  Hawkins  has  been  appointed  Engineer  Maintenance  of 
Way  of  the  Coal  &  Coke  Ky.,  with  headquarters  at  Gassaway, 
W.    Va.,    succeeding  F.   D.    Cosner,   resigned. 

C.  H.  Eyers  lias  been  appointed  District  Engineer  of  the 
Pacific  District,  Division  of  Valuation  of  the  Interstate  Com- 
merce Commission,  with  offices  at  San  Francisco.  W.  H.  Davison 
has   been   appointed    assistant   district   engineer. 

Lawrence  N.  Siler.  a  m.echanical  and  electrical  engineer  of 
The  J.  G.  White  Management  Corporation,  New  York,  N.  Y., 
has  been  assigned  to  the  engineering  staff  of  the  Manila  Elec- 
tric Railroad  &  Light  Company,  Manila,  P.  I.,  which  is  being  op- 
erated by  the  Management  Corporation.  Mr.  Siler  is  a  graduate 
of    Cornell    University. 

Leroy  K.  Sherman  has  opened  offices  at  137  South  La  Salle 
St.,  Chicago,  where  he  will  engage  in  a  consulting  practice, 
.specializing  in  hydraulic  angineoring,  land  drainage,  sewage  dis- 
posal, and  public  utility  organization  end  appraisal.  For  the 
past  three  years  Mr.  Sherman  has  been  engineer  member  of 
the  Illinois  State  Rivers  and  Lakes  Ccmmission  and  before  that 
was  Assistant  Chief  Engineer  of  the  Sanitary  District  of  Chi- 
cago, having  charge  of  the  construction  of  the  controlling  works 
and  hydro-eIect"ic  plant  at   Lockport,   111. 


News  Letters 

ST.    LOUIS    ITEMS. 

Smith  &  Hannan,  Commerce  Bldg.,  Kansas  City,  Mo.,  and 
Buatmans  Bank  Bldg.,  St.  Louis,  Mo.,  have  a  nice  team  job  to 
sublet  on  the  Wabash  R.   R.  in  Illinois. 

Fat  Hickey  of  Hickey  Bros,  spent  several  days  with  his 
family.  Hickey  reports  their  woriv  in  the  East  getting  along  fine. 
No  shortage  of  labor  over  his  way. 

John  Boyle  was  killed  by  a  train  at  Grafton,  "W.  Va.,  on  July 
ITth.  Was  buried  here.  His  son.  Frank,  now  a  sailor  on  the 
U.    3.    Steamer  Louisiana,   came  home  to   attend  the  funeral. 

The  Moreno-Burkham  Const.  Co.  of  St.  Louis  has  Been 
awarded  the  contract  for  the  installation  of  all  sewer  and  water 
works  in  connection  with  the  government  cantoment  near  Battle 
CreeK,  Mich.  Work  will  be  rushed  through  so  the  cantonment 
may  be  completed  in  time  for  military  training  work.  The 
Moreno-Burkham  Company  is  one  of  the  largest  specialists  in 
sewer  and  waterworks  installation  in  the  Middle  West.  The 
company  owns  and  controls  fifteen  trenching  machines  suitable 
for  work  of  this  chaiacter.  E.  G.  Burhham,  a  member  of  the 
firm,  will  be  in  charge  of  the  Battle  Creek  work.  He  has  de- 
parted from  Colorado,  where  he  has  been  passing  his  vacation,  to 
begin  operations  in  Battle  Creek. 

Bartson  &  Millard.  Ancell,  Mo.,  want  an  S  to  12-team  outfit 
for   dav   work   at    that    point. 

Bartholomew  Harrin&ton  of  the  Harrington  Brothers  Const. 
Co.  died  in  Benton,  ni..  on  July  30th  from  the  effects  of  horse 
medicine  he  swallowed  a  few  hours  before.  He  complained  of 
feeling  ill  during  the  afternoon  and  started  to  take  castor  oil. 
He  poured  wliat  he  thought  was  whiskey  into  a  glass.  It  was 
horse  medicine.  The  construction  camp  cook  also  drank  the 
liquid  and  was  in  a  serious  condition  for  several  hours.  Har- 
rington was  40  years  old  and  single.  He  leaves  three  brothers,  a 
sister  and  his  mother.  At  the  time  of  his  death  Harrington 
was  supervising  the  installation  of  a  new  mine  railroad  switch 
at   Benton. 

Ward  Bros,  have  th-jir  outfits  grading  property  work  in 
Cleveland    and    Akron,    Ohio. 

J.  C.  Kaiser.  6407  Bartmer  Ave.,  St.  Louis,  has  a  cracker 
jack  22-team  outfit  idle. 

The  Floesch  Const.  Co..  Cape  Girpideau,  Mo.,  can  use  a 
small  team  outfit  to  top  oft  levees  where  slides  have  occurred. 
Will  either  hire  teams  by  the  day  or  contract  on  this  work. 
See  S.   T.    Neelv,   Mgr..   of  this  company  at  Cape  Girardeau. 

The  L.  J.  Smith  Const.  Co.,  Commerce  Bldg..  Kansas  City, 
Mo.,  were  awarded  some  i:ice  steanr  shovel  work  by  the  M.  K. 
&  T.   R.   R.   in   Kansas  and  Oklahoma  the  other  day. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig's  Labor  Agencv,  612  Walnut  St..  St.  Louis,  or  503 
Delaware  St..   Kansas  City.  Mo. 

Alulvill  Bros,  of  Alton.  111.,  were  awarded  the  contract  to 
construct  all  of  the  Alton  &  Eastern  R.  R.  extension  except  the 
C.  &  A.  subway. 

P.  J.  Murphv,  Moberly.  Mo.,  has  several  small  pieces  of  team 
work  on  the  Wabash  R.   R.   to  sublet. 


A.    B.    KOENIG. 
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"Engineers  Should  Oppose  Being 
Controlled  by  Architects 

In  our  Building  and  Structural  Monthly  issue  for 
June  we  published  a  letter  from  Mr.  E.  T.  Thurston, 
M.  Am.  Soc.  C.  E.,  commenting  upon  a  proposed  Ar- 
chitects' License  Law  for  California.  We  also  pub- 
lished an  abstract  of  the  bill.  In  his  closing  sentence 
Mr.  Thurston  said: 

There  should  be  strong  opposition  among  engineers  to  being 
licensed  or  in  any  way  controlled  in  the  practice  of  their  pro- 
fession by  architects,  who  have  yet  to  show  themselves,  as  a 
class,   noticeably  competent   in  matters  of  safe  construction. 

The'  architects'  license  law  to  which  Mr.  Thurston 
objects  is  called  "an  act  providing  for  public  safety 
in  buildings  within  the  state  of  California,"  but  its 
title  should  have  been  An  Act  to  Provide  Work  for 
Architects.  Under  the  customary  guise  of  offering 
protection  to  the  public,  the  law,  as  originally  drafted, 
aimed  to  compel  the  employment  of  architects  on  every 
sort  of  a  building,  from  a  cow  shed  to  a  sky  scraper. 
Due  to  the  opposition  of  the  San  Francisco  Associa- 
tion of  Members  of  the  American  Society  of  Civil  En- 
gineers and  of  others,  the  bill  finally  drawn  is  a  tooth- 
less tiger.  It  roars  quite  harmlessly.  After  provid- 
ing for  an  examination  of  applicants  for  an  "archi- 
tect's" license,  it  is  provided  that  "structural  engi- 
neers in  independent  practice"  are  exempt  from  ex- 
amination. Also  "any  persons  submitting  photographs 
of  one  or  more  buildings  in  California,  designed  by 
him,  or  by  persons  employed  by  him"  are  exempt. 

Mr.  Thurston  states  that,  in  the  opinion  of  San 
Francisco  engineers,  a  state  building  code,  if  properly 
enforced,  would  constitute  the  simplest  and  most  ef- 
fective means  of  insuring  safe  construction.  We  be- 
lieve that  structural  engineers  in  general  will  agree 
with  this  statement. 


"He  Picked  Those  Men  Who  Were 
Willing  to  Study" 

A  young  New  Zealander,  Robert  Laid,  in  eight  years 
has  built  up  a  mail  order  business  totaling  $1,250,000 
after  having  stai-ted  with  the  proverbial  modicum  of 
money  and  a  belief  in  himself.  When  recently  asked 
what  method  he  used  in  selecting  department  man- 
agers he  replied :  "I  promote  the  men  who  are  will- 
ing to  study." 

Many  successful  business  executives  have  found 
that  men  who  are  students  of  business  problems  are 
to  be  preferred  to  those  who  rely  mainly  on  their  wits. 
There  are  no  end  of  things  to  be  learned  about  the 


management  of  the  simplest  business;  yet  the  average 
young  man  who  goes  into  a  business  enters  it  with 
slight  intention  of  studying  the  literature  of  the  sub- 
ject. Similarly  the  young  engineer  is  inclined  to  try 
to  secure  promotion  without  continuing  a  systematic 
study  of  engineering  literature.  This  is  the  more  re- 
markable because  engineers  are  generally  presumed 
to  have  formed  studious  habits.  It  seems  to  indicate 
that,  in  spite  even  of  a  four-year  training  in  an  en- 
gineering college,  many  men  graduate  with  ill-formed 
habits. 

For  a  score  of  years  we  have  been  accustomed  to 
hear  that  the  main  object  of  an  education  is  to  learn 
how  to  think.  Is  it  not  more  important  to  become 
habituated  to  doing  things  in  a  systematic  way  that 
awakens  interest  and  necessitates  thinking? 


Courses  in  Public  Speaking  for 
Civil  Engineers 

If  civil  engineers  are  to  progress  more  rapidly  in 
securing  administrative  political  positions,  there  must 
be  more  attention  given  by  them  to  the  art  of  public 
speaking.  How  important  it  is  to  reach  the  public 
directly  and  personally  if  one  wishes  to  secure  public 
support,  is  well  illustrated  in  the  spectacular  rise  of 
Kerenski,  the  premier  of  Russia.  Although  the  orator 
type  of  public  executive  is  likely  not  to  be  as  promi- 
nent in  the  future  as  in  the  past,  it  is  apparent  that 
the  ability  to  address  an  audience  in  clear  and  con- 
vincing manner  will  always  remain  an  asset  to  any 
man  holding  an  important  public  office. 

Prof.  George  F.  Blessing,  head  of  the  department 
of  engineering  at  Swarthmore  College,  several  years 
ago  said  to  the  head  of  the  public  speaking  depart- 
ment of  the  college: 


I  want  my  men  to  learn  to  talk  about  their  business  in  public. 
I  want  them  to  be  able  to  talk  about  engineering  so  that  an 
ordinary  audience  can  understand  them  and  be  interested  in 
what  they  have  to  say. 

Having  outlined  what  it  was  desired  to  accomplish, 
the  engineering  students  were  enrolled  in  a  course  of 
public  speaking.  Beginning  with  5-minute  talks  on 
engineering  topics,  the  students  rapidly  developed 
proficiency  and  at  the  end  of  the  year  were  able  to 
deliver  extempore  speeches  20  minutes  long.  Al- 
though the  speaking  at  first  was  confined  to  technical 
subjects,  it  became  the  practice  later  on  to  talk  on 
non-technical  matters  and  even  to  make  short  after- 
dinner  speeches. 

We  commend  this  practice  to  all  engineering  stu- 
dents and  members  of  engineering  clubs  and  societies. 
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Let  the  engineer  become  more  vocal  in  public  through 
practice  in  platform  talks  to  his  fellow  engineers. 

The  editor  has  learned  that  if  a  "skeleton  outline" 
of  an  address  is  written  on  a  sheet  of  paper,  and  if  one 
rehearsal  is  held  with  himself  as  sole  auditor,  it  is 
not  difficult  to  find  the  needed  words  when  the  time 
comes  to  deliver  the  address.  Two  common  mistakes 
are  made  by  those  who  have  had  no  experience  in  pub- 
lic speaking.  Either  the  attempt  is  made  to  memorize 
verbatim  the  substance  of  an  address,  or  resort  is  had 
to  the  other  extreme  of  trusting  entirely  to  the  im- 
provising spirit  of  the  moment.  There  is  a  middle 
course  that  results  in  avoidance  of  the  cut-and-dried 
delivery  that  characterizes  a  memorized  text  and  the 
halting  or  slipshod  utterance  so  often  noticed  in  the 
man  who  has  a  head  full  of  ideas  not  pre-arranged 
for  utterance.  Marshal  your  ideas  in  advance,  write 
down  the  headings  and  short  reminders;  then,  with 
your  watch  before  you,  extemporize  the  form  of  your 
address  several  days  in  advance  of  its  delivery.  If 
you  have  time  to  rehearse  it  a  few  times,  so  much  the 
better.  The  beginner  should  avoid  departing  from  the 
order  and  substance  of  the  address  thus  prepared. 
As  one  acquires  proficiency  through  practice,  the  lati- 
tude of  departure  from  the  original  design  of  the  ad- 
dress may  become  greater.  Thus  the  extempore 
speaker  evolves.  But  no  matter  what  facility  is  event- 
ually attained,  let  it  not  be  supposed  the  mere  shak- 
ing of  the  tongue  will  cause  good  fruit  to  drop  from 
the  tree  of  knowledge  unless  the  tree  has  been  care- 
fully pruned  and  cultivated. 


Uniform  Stationery  and  Drawings 

Mr.  Emile  Low  calls  our  attention  to  the  fact  that 
Governor  Whitman  of  New  York  has  just  signed  a 
bill  "to  make  uniform  all  the  stationery  to  be  used 
by  the  different  State  departments."  Mr.  Low,  using 
this  as  his  text,  says : 

■\\  hy  does  it  take  a  sledge  hammer  to  compel  officials,  anrt 
especially  civil  engineers,  to  use  rational  methods? 

Kvery  ofricial  uses  different  size  letterheads,  blank  forms,  speci- 
fications, etc..  etc.  The  Canadian  letterhead  used  to  be  15  in.  to 
IS  in.  long,  something  like  Chinese  scrolls,  or  more  like  the 
"property"  stuff  you  see  in  melodrama  en  the  stage.  For  years 
I  have  tried  hard  to  get  civil  engineers  to  use  a  standard  size, 
say,  S%  in.  x  11  in.,  cut  from  17  in.  x  22  in.  paper  ^vithout  waste. 
They  continue  to  use  7*4  in.  x  12  in.  or  S  in.  x  10  in.,  or  some 
other  foolish  size  to  mai:e  a  lot  of  waste  in  the  printing  offices, 
to  be  baled  and  sold  for  junk,  costing  more  to  bale  than  what 
they  get  for  it. 

Then  there  are  all  kinds  and  sizes  of  specifications,  especially 
the  abominable  one  that  opens  at  the  end,  copied  from  the 
lawyers.  The  engineers  have  held  onto  it,  but  the  lawyers  have 
discarded    this   form   long   ago. 

Precedent,  as  Mr.  Low  indicates,  holds  even  edu- 
cated men  in  its  vise.  Go  into  almost  any  drafting 
room  and  note  the  use  of  wide  rolls  of  tracing  cloth 
and  blueprint  paper.  Then  ask  why  drawings  are 
made  so  large  that  they  must  be  rolled  to  be  carried 
or  filed  conveniently.  The  answers  that  one  com- 
monly receives  indicate  that  no  particular  thought  has 
been  given  to  the  matter  of  sizes.  Regardless  of  ulti- 
mate use  or  of  the  scale  of  the  drawing,  huge  sheets 
are  still  "standard." 

Some  engineers  have  ceased  the  use  of  large  sheets 
for  drawings,  except  in  special  cases,  and  do  their 
drafting  on  letter  size  paper.  One  of  these  engineers 
recently  showed  the  editor  his  files  of  sketches,  maps, 
bridge  designs,  etc.  With  few  exceptions  every  sheet 
was  letter  size  and  punched  at  the  margin  so  that  it 
could  be  bound  with  the  text  of  his  reports.  Instead 
of  tracing  cloth  he  used  cross-ruled,  thin  paper  from 
which  blueprints  could  be  struck  off  on  sheets  of  the 


same  size.  His  file  cases  are  of  the  ordinary  kind 
used  for  letters,  and  rolls  of  drawings  are  conspicu- 
ous by  their  scarcity. 

Standardization  of  sizes  of  catalogs,  books,  letter- 
heads, etc.,  has  long  been  a  favorite  theme  of  the 
systematizer;  and  from  present  outlook  writers  a  gen- 
eration hence  will  still  be  preaching  it,  while  most  of 
us  continue  our  really  witless  practice  of  following 
our  personal  tastes   and   habits. 


The  Proper  Use  of  Man-Power 
Push  Carts 

Push  carts,  or  "buggies,"  have  largely  displaced 
wheelbarrows,  and  would  displace  them  to  a  greater 
extent  were  more  thought  given  to  the  best  methods 
of  handling  them.  Usually,  however,  they  are  op- 
erated over  a  poor  roadway  that  is  not  rigid  enough 
to  begin  with  and  is  rendered  worse  by  an  accumula- 
tion of  dirt  upon  it.  The  axles  of  "buggies"  are  sel- 
dom well  greased  and  are  never  equipped  with  roller 
bearings.  If  used  for  hauling  concrete,  no  provision 
is  made  for  the  complete,  free  discharge  of  the  con- 
crete; part  of  it  sticks  to  the  bottom  unless  the  con- 
crete is  very  sloppy. 

The  editor  recalls  previously  describing  a  little 
stunt  used  years  ago  by  the  Aberthaw  Construction 
Co.  in  building  the  Harvard  stadium.  It  consisted 
in  bolting  one  end  of  a  strip  of  canvas  to  the  inside 
of  the  bucket  used  in  handling  concrete.  The  other 
three  sides  of  the  canvas  strip  were  free,  and  the 
canvas  rested  across  the  bottom  of  the  bucket,  its 
width  being  slightly  less  than  the  width  of  the  bucket. 
The  concrete  rested  on  the  canvas,  and,  when  it  was 
dumped,  pulled  the  canvas  along  with  it.  In  short, 
instead  of  sticking  to  the  bottom  of  the  bucket  the 
concrete  stuck  to  the  canvas,  but  freed  itself  com- 
pletely as  it  slid  off  into  the  forms.  Then  the  canvas 
strip  was  folded  back  into  its  place  ready  for  the  next 
load. 

The  trackway  for  push  carts  should,  if  possible,  be 
given  a  down  grade  for  the  loaded  cart;  and  it  should 
be  made  of  fairly  heavy  timbers  unless  it  is  well 
supported  at  frequent  intervals.  Then  keep  it  clean 
and  any  man  will  have  no  trouble  in  pushing  a  500-lb. 
load. 

Because  the  hauling  plant  is  simple  and  even  crude, 
do  not  fall  into  the  bad  habit  of  leaving  its  manage- 
men  entirely  to  a  foreman  who  may  be  equally  simple 
and  crude. 


The  Correlation  of  the  Properties 
of  Materials. 

If  the  temperature  of  a  metal  is  changed,  its 
strength,  its  elasticity,  its  electric  and  heat  conduc- 
tivities are  changed.  A  very  small  change  of  tem- 
perature may  be  insufficient  to  make  the  changes  in 
these  four  properties  readily  measurable;  but  since 
there  is  a  gradual  change  of  these  properties  with 
greater  temperature  changes,  it  is  evident  that  there 
is  an  interrelation  that  is  continuous.  Generalizing 
broadly,  all  the  properties  of  materials  are  correlated 
or  interdependent.  Introduce  an  energy  that  affects 
one  of  the  properties  in  measurable  degree,  and  you 
may  confidently  look  for  a  measurable  effect  on  some 
other  property. 

In  a  paper  read  at  the  last  annual  meeting  of  the 
American  Society  for  Testing  Materials,  Charles  W. 
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Burrows,  of  the  U.  S.  Bureau  of  Standards,  presented 
a  highly  significant  summary  of  tests  showing  the 
quantitative  relation  between  the  magnetic  properties 
of  steel  and  the  mechanical  properties,  such  as  elas- 
ticity and  strength.  In  determining  the  strength  of  a 
metal  by  previously  known  methods,  a  sample  had 
to  be  taken  and  destroyed  in  the  process  of  testing. 
But  Mr.  Burrows  is  hopeful  that  by  determining  a 
small  number  of  magnetic  characteristics,  large  pieces 
of  steel  can  be  tested  without  destruction,  and  their 
mechanical  qualities  determined. 

Physicists  have  gradually  come  to  regard  every  ma- 
terial as  being  a  complex  group  of  energies — an  en- 
ergy-group. The  existence  of  energy  does  not  mani- 
fest itself  unless  a  change  of  energy  takes  place.  But 
within  the  confines  of  every  bit  of  material  there  is 
a  whirl  of  moving  particles.  It  is  no  exaggeration  to 
speak  of  the  cosmos  of  an  atom. 

The  structural  engineer,  dealing  as  he  does  so 
largely  with  energy  in  equilibrium — with  statics — 
must  especially  strive  to  attain  the  broader  and  cor- 
rect conception  of  matter  as  dynamic,  always  dy- 
namic. It  will  come  as  a  surprise  to  many  of  our 
readers  to  hear  that  even  when  the  temperature  of  a 
substance  is  constant,  there  is  a  flow  of  heat  from  it 
to  surrounding  matter.  The  paradox  is  explained 
when  it  is  realized  that  the  quantity  of  heat  that  flows 
out  is  precisely  balanced  by  the  quantity  that  flows 
into  the  substance  of  constant  temperature. 

Even  gravitation,  in  the  writer's  opinion,  is  always 
dynamic  in  its  ultimate  manifestation.  An  Egyptian 
pyramid  that  has  stood  "quiescent"  four  thousand 
years,  has  really  been  as  tumultuous  within,  every 
second  of  that  time,  as  the  cataracts  of  Niagara. 
Bombarded  incessantly  by  ethereal  corpuscles,  its 
stones  have  been  pressed  toward  the  center  of  the 
earth,  and  have  motionless  held  their  place  amid  un- 
ceasing motion. 


Cost  of  School  Buildings  at  Pittsburgh,  Pa. 

During  the  past  five  years  the  Board  of  Public  Ed- 
ucation of  Pittsburgh,  Pa.,  has  completed  seven  new 
elementary  schools  and  two  new  high  schools  at  a 
cost  of  $3,168,721.  The  average  cost  of  the  general 
work  has  been  14.6  ct.  per  cubic  foot.  The  cost  of 
the  heating  and  ventilating  has  been  2.9  ct.  per  cubic 
foot.  The  cost  of  the  plumbing  has  been  1.2  ct.  per 
cubic  foot  and  the  cost  of  the  electrical  work  has  been 
8  ct.  per  cubic  foot.  The  total  cost  of  all  buildings 
has  been  19.5  ct.  per  cubic  foot.  Bids  taken  last  De- 
cember indicated  an  increase  in  the  cost  of  construc- 
tion amounting  to  56  per  cent  above  contracts  let  a 
year  previous  to  that  date. 


Progress  on  Camp  Pike  Cantonment. — The  build- 
ings at  the  Camp  Pike  cantonment,  Little  Rock,  Ark., 
are  now  over  45  per  cent  finished.  Stewart  &  Co.,  Inc., 
New  York,  the  contractors  in  charge  of  the  work,  an- 
nounce that  half  of  the  nearly  30,000,000  ft.  of  lumber 
required  for  the  buildings  is  on  the  grounds  and  a 
third  of  the  entire  amount  is  already  in  place.  Hun- 
dreds of  buildings,  including  many  of  the  large  bar- 
racks and  the  storehouses  for  quartermasters'  supplies 
are  ready  for  use.  Lumber  continues  to  arrive  at  the 
rate  of  a  million  feet  a  day  and  large  gangs  of  men 
are  kept  constantly  at  work  unloading  the  50  cars  of 
material  each  24  hours,  a  night  shift  working  under 
searchlights.  The  sewer  and  water  lines  are  rapidly 
progressing,  over  1,200  men  being  employed  on  this 
branch  of  the  work  alone,  and  trench-digging  and 
blasting  go  on  all  night. 
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Combined  Pressure  on  Piles  from 

Vertical  Loads  and  Lateral 

Forces 

By  N.  ^.L  STIXEMAN. 

Assoc.   Mem.   .A.m.   Soc.   C.   E. 

It  frequently  happens  that  retaining  walls,  tall 
chimneys,  and  other  structures  acted  upon  by  lateral 
forces,  must  be  placed  upon  soft  foundations,  requir- 
ing them  to  be  supported  on  piles.  Most  structural 
designers  are  conversant  with  ordinary  methods  of 
computing  the  pressure  on  the  soil  under  structures 
of  this  character,  where  the  soil  pressure  is  a  combi- 
nation of  the  direct  vertical  load  and  the  lateral  earth 
or  wind  pressure.  On  the  other  hand,  many  struc- 
tural designers  are  puzzled  on  encountering  a  case 
where  the  structures  must  be  carried  by  rows  of  piles. 
He  i-ealizes  that  the  piles,  instead  of  the  soil,  must. 
carry  the  load,  and  that  conditions  are  diflferent;  but 
he  is  unable  to  apply  to  this  case  the  formulas  for 
ordinary  soil  pressure,  to  which  he  is  accustomed. 

The  formulas  derived  in  this  article  are  intended  to 
provide  a  quick  and  easy  method  for  computing  the 
pile  loads  in  any  case  where  a  vertical  load  and  a  lat- 
eral force  combine  to  produce  direct  compression  and 
a  tendency  to  overturn. 

The  problem  is  in  reality  very  simple,  for  the  case 
is  nothing  more  than  that  of  combined  flexure  and  di- 
rect stress  on  the  plane  of  the  base,  as  AB  in  Fig.  2, 
The  same  principle  is  involved  in  the  derivation  of  the 
well-known  formulas  for  soil  pressure  under  retain- 
ing walls.  The  different  method  of  treatment  is  due 
solely  to  the  fact  that  in  ordinary  cases  the  section 
taking  the  combined  flexure  and  direct  stress  is  rec- 
tangular, whereas  in  Fig.  2  the  section  in  question  is 
a  group  of  small  detached  circular  sections — that  is, 
the  cross-sections  of  the  piles. 

As  in  ordinary  cases,  the  formulas  hold  good  only 
if  the  combined  influence  of  flexure  and  direct  stress 
produces  compression  on  all  the  piles,  since  it  is  im- 
possible for  them  to  take  tension. 

Notation. — The  following  notation  will  be  used,  in 
which  forces  and  loads  are  expressed  in  lbs.,  distances 
in  feet,  moments  in  ft. -lbs.,  and  unit  pressures  in  lbs. 
per  sq.  ft. : 

P  =  lateral  pressure  (eaith.  wind,  etc.)  along  a  length  of  L. 
H  —  horizontal    component    of   P. 

V  =  vertical  component  of  P.     If  P  acts  in  a  horizontal  directior, 

H  =  F  and  v  =  O. 
W  1=  weight    of  structure    in   length   L,    including    earth    or   other 

material    directly    above    the    footing    (in    Fig.    2.    all    material 
bounded     by     the     figure     ACDEFJBA).       "VV     is     represented 

graphically   as  acting  at   the  center  of  gravity  of  all  vertical 

loads,   exclusive  of  v. 
R  =  resultant  of  P  and  W. 

V  =r  vertical    component    of   R.    and    is    equal    to   W  +  v.     When 

P  acts   horizontally.  V  =  W. 

e  =  horizontal  distance  between  centre  of  base  b  and  centre 
of  gravity   of   W   and   v    (Fig.    1). 

p'  =  unit  soil  pressure  from  vertical  load  above  on  edge  of  base 
farther  away  from  V  (Fig.  1). 

p"  —  unit  soil  pressure  on  edge  of  base  nearer  V   (Fig.  1). 

b  =  width  of  base  (See  Fig.  1). 

L  =  length   of  base  considered    (See  Fig.   2). 

Wi.  W:  and  Wa  =  single  pile  loads  due  to  vertical  load  V  (Fig. 
1),   in  the  first,  second  and   third  rows  of  piles,   respectively. 

Si,  s™  and  S3  =  single  pile  loads  or  uplift  due  to  overturnlnj^ 
moment  Vd  (Fig.  2),  in  first,  second  and  third  rows  of  piles 
respectively. 

Pi.  P=  and  Ps  =  combined  single  pile  loads  due  to  direct  load 
ar.d  overturning  moment,  in  the  first,  second  and  third  rows, 
respectiv  ely. 

bi,  bo  and  b,^  widths  of  vertical-load  pressure  diagram  ABKII 
to  be  replaced  by  the  first,  second  and  third  rows  of  piles, 
respectively.      (See  Fig.    1.1 

yi,  y-  and  ys  =  average  ordinates  in  widths  bi.  bj  and  bj,  re- 
spectively, measured  to  same  scale  as  p'  and  p". 

mj,  m-  and  ma  =  pile  spacing  in  first,  second  and  third  rows, 
respectively.     (See  Fig.  2.) 

ni,  n™  and  n.i  =  number  of  pile  spaces  in  length  L,  in  first,  sec- 
ond and  third  rows,  respectively.  For  each  row  n  is  found  by 
dividing  L  by  the  corresponding  m.     Thus,  n,  =  L/mi. 

a,,   a-,  and   as  =  distance   from   left   edge   of  base   to   first,    second 
and   third   rows    of  piles,    respectively, 
distance  from  left  edge  of  base  to  center  of  gravity  of  piles. 
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(J  —  horizontal   distance  Irom   center  of  gravity   of   piles   to   point 

wliere  R  cuts  base  AB. 
ki,   ki  and  ka  =  distances  from  center  of  gravity  to  first,   second 

and  third  rows  of  piles,  respectively. 
I  =  moment  of  inertia  of  pile  sections  about  the  center  of  gravity, 
or  neutral  axis.     I  is  expressed    in  feet  to  the  fourth   power. 
Vd  =  overturning  moment. 
Vd 

C  = ,  and  is  constant  for  any  given  structure. 

I 

We  shall  take  a  retaining  wall  supported  on  three 
rows  of  piles  to  illustrate  the  several  steps  necessary 
in  the  solution  of  the  problem.  It  is  not  necessary  to 
include  in  this  article  anything  on  the  theory  of  soil 
pressure  under  retaining  walls,  since  every  book  on 
masonry  or  concrete  design  treats  this  subject  more 
or  less  thoroughly  and  prints  the  necessary  formula.s. 
It  is  therefore  assumed  that  the  designer  knows  how 
to  design  a  retaining  wall  under  ordinary  conditions, 


vh 


from  W  toward  v  the  distance  u^ 


where  h 


and  that  he  is  able  to  compute  the  lateral  pressure  P 
and  the  vertical  load  W,  from  which  he  can  lay  off 
graphically  the  resultant  R  and  the  vertical  compo- 
nent of  R,  donated  by  V. 

The  designer  should  not  lose  sight  of  the  fact  that 
P  and  W  are  in  ordinary  cases  computed  for  1  lin.  ft. 
of  wall,  while  in  this  case  the  length  of  wall  consid- 
ered is  equal  to  L,  so  that  the  values  of  P  and  W  as 
obtained  by  ordinary  formulas  must  be  multiplied  by 
L.  Where  the  problem  in  hand  is  a  tall  chimney,  it  is 
best  to  let  P  be  the  total  wind  force,  W  the  total 
weight  of  the  structure,  and  L  the  entire  length  of 
the  base. 

Direct  Load. — The  direct  load  on  the  piles  will  now 
be  computed  independently  of  the  pressure  or  uplift 
due  to  overturning.  As  stated  before,  it  is  assumed 
that  the  designer  has  computed  and  laid  off  to  scale 
the  force  P  and  load  W. 

The  following  steps  must  now  be  taken  in  succes- 
sion.    (See  Fig.  1) : 

1.  At  the  point  where  P  cuts  the  back  of  the  wall, 
lay  off  to  scale  its  vertical  component  v. 

2.  Find  the  center  of  gravity  of  W  and  v  by  scaling 


W4-V 
is  the  horizontal  distance  between  W  and  v. 

3.  Through  the  center  of  gravity  just  found,  draw 
a  vertical  line.  This  line  represents  the  line  of  ac- 
tion of  V  when  H  is  not  acting. 

4.  Scale  the  distance  e  from  V  to  the  center  of 
the  base  b. 

5.  Find  the  unit  soil  pressures  p'  and  p",  which 
would  occur  if  the  piles  were  omitted  and  if  the  force 
H  were  not  acting,  from  the  formulas — 

V 


bL 
V 


(-0 


(1) 


.(2) 


6  — 
bL  V  b. 

6.  Lay  off  p'  and  p"  to  any  convenient  scale  and 
draw  the  pressure  diagram  ABKM.  (See  Fig.  1.)  On 
this  pressure  diagram  draw  vertical  lines  midway  be- 
tween pile  rows.  These  lines  divide  the  pressure  dia- 
gram into  sections  whose  widths  are  bi,  bj  and  bj,  re- 
spectively. 

7.  Scale  the  average  ordinates  y.,  y=  and  y^  (see  Fig. 
1),  and  compute  the  single  pile  loads  in  each  row  by 
means  for  the  formulas — ■ 

Wi  =  bi  yi  mi,    W2  =  b=  y.-  m=,    ws  =  bu  ya  m  3 (3) 

The  foregoing  method  of  finding  the  pile  loads  due 
to  vertical  load  alone,  while  only  approximately  cor- 
rect, is  accurate  enough  for  all  practical  purposes.  It 
may  seem  at  first  glance  that  the  same  method  could 
be  applied  to  the  lateral  pressure  and  vertical  load 
combined,  by  computing  the  toe  and  heel  pressure  in 
the  ordinary  manner  and  distributing  the  pressure  to 
the  several  rows  of  piles  by  the  graphic  method  above 
explained.  But  this  can  not  be  done,  since  the  lateral 
pressure  introduces  an  overturning  moment.  On  an 
ordinary  foundation  the  lateral  pressure  tends  to  ro- 
tate the  wall  about  the  toe  at  A,  whereas  on  a  pile 
foundation  the  rotation  is  about  the  first  row  of  piles. 
In  the  latter  case  the  resistance  against  overturning  is 
considerably  less  than  in  the  former. 

Lateral  Force. — The  method  to  be  followed  in  com- 
puting the  pressure  or  uplift  on  piles,  due  to  the  over- 
turning moment  caused  by  the  lateral  force,  will  now 
be  illustrated  by  starting  with  the  same  conditions  as 
in  Fig.  1.  It  is  again  assumed  that  the  designer  has 
previously  computed  P  and  W,  has  laid  them  off  to 
scale  and  drawn  their  resultant  R.    (See  Fig.  2.) 

The  work  will  be  simplified  considerably  if  we  as- 
sume that  the  area  of  a  pile  head  is  1  sq.  ft.,  so  that 
the  total  area  of  pile  heads  composing  the  set'tion  on 
plane  AB  is  equal  to  n,  +  nc  +  n^.,  with  the  further  ad- 
vantage that  the  final  computed  stress,  being  ex- 
pressed in  pounds  per  square  feet,  will  be  the  same 
as  one  pile  load.  Assuming  pile  heads  larger  or 
smaller  than  1  sq.  ft.  would  not  in  any  appreciable 
way  alter  the  final  result. 

The  successive  steps  to  be  taken  are  as  follows: 

1.  .Select  any  reasonable  distribution  of  piles,  plac- 
ing the  greater  number  toward  the  side  receiving  the 
greater  pressure. 

2.  Select  any  convenient  length  for  L,  preferably 
such  that  m  will  be  a  whole  number. 

3.  Compute  ni,  n.-  and  na  (see  notation),  and  scale 
the  distances  a.,  a=  and  as.     (See  Fig.  2.) 

4.  Find  the  center  of  gravity  of  all  the  piles  from 
the  formula — 
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Hi  ai  +  n=  a=  +  na  as 

g  = (4) 

ni  +  n:  +  m 

5.  Denote  this  center  of  gravity  of  the  pile  sections 
by  the  line  through  G,  and  scale  the  distance  d.  This 
vertical  line  through  G  represents  on  the  plan  the  neu- 
tral axis  of  the  pile  sections. 

6.  Scale  the  distances  ki,  Ic  and  k^,  and  compute  the 
moment  of  inertia  of  the  section  from  the  formula — 

I  =  n.  k'.  +  n.  k\-  -^  n.  k'j (5) 

The  moment  of  inertia  of  the  individual  pile  section 
about  its  own  axis  is  very  small  in  comparison  with 
the  total  and  is  disregarded  in  Equation  (5). 

7.  Compute   the    overturning   moment   Vd   and   the 

Vd 

constant    C  = .     From   the    fundamental     relation 

I 
Mc 

s  = ,  where  s  is  the  unit  stress  on  a  section  at  the 

I 
distance  c  from  the  neutral  axis,  M  the  moment  on 
the  section,  and  I  the  moment  of  inertia  of  the  section, 
the  single  pile  loads  in  each  row  may  now  be  obtained 
by  means  of  the  following  formulas: 

Si  =  Ck.,     s.  =  Ck.-,     s,==Ck=    (6) 

8.  Mark  the  single  pile  loads  just  obtained  with  a 
plus  sign  if  the  pile  is  to  the  left  of  the  neutral  axis, 
and  minus  if  to  the  right. 

Combined  Loads. — The  combined  single  pile  loads 
p.,  p.  and  pr,  are  now  obtained  from  Equations  (3)  and 
(6),  by  the  addition  of  each  positive  s  to  the  w  hav- 
ing the  same  subscript,  and  subtraction  of  each  nega- 
tive s  from  the  w  having  the  same  subscript.  If  any 
negative  s  is  numerically  greater  than  the  correspond- 
ing w,  another  arrangement  of  piles  must  be  tried, 
since  there  must  be  compression  on  all  the  piles  in 
order  to  make  the  solution  possible. 

Check. — A  check  on  the  solution  is  available  from 
the  fact  that  the  sum  of  the  pile  loads  should  be 
numerically  equal  to  V.  Expressed  in  the  form  of  an 
equation — 

pi  m  +  p=  n:  +  p3  ni  =  V (7) 

This  equation  must  hold  true  if  the  solution  has 
been  carried  out  properly,  although  some  discrepancy 
must  be  expected  because  of  inaccuracies  in  scaling. 

Factor  of  Safety. — The  factor  of  safety  against 
overturning  may  be  defined  as  the  moment  of  resist- 
ance against  overturning,  which  is  equal  to  V(g  —  aO, 
divided  by  the  overturning  moment,  which  is  equal  to 
Vd.     Carrying  out  the  division — 

g  — a. 

Factor    of    Safety  = 

d 

The  factor  of  safety  must  be  greater  than  unity; 
otherwise  the  structure  would  fall  over. 

Other  General  Cases. — The  derivation  of  Equations 
(1)  to  (7)  has  been  based  on  three  rows  of  piles.  In 
cases  involving  more  or  less  than  three  rows,  the  de- 
signer may  write  the  necessary  equations  by  adding 
or  deducting  the  necessary  terms  in  certain  ones  of 
the  equations  given.  Thus,  with  four  rows  of  piles. 
Equations  (3)  to  (7)  must  be  re-written  as  follows : 
Wi  =  bi  yi  mi,  W:  ^  b=  y^  rrb,  ws  =  bs  ys  ma,  wt  =  b«  y» 

m.  (3') 

ni  ai  +  n=  a2  +  na  aa  -i-  n.  a* 

g   = (4') 

ni  +  ni  +  ns  +  n4 

I     =  n.  k^i  -I-  n=  k==  +  n,  k's  +  n.  k% (5') 

si   =Cki,     S!  =  Ck=,     S3  =  Cki,     s*  =  Ck.  (6') 

piHi  —  p^hj  —  paHa  —  p*ni  =  V   (7') 


Special  Case,  Structure  Symmetrical. — A  tall  chim- 
ney is  likely  to  be  subjected  to  wind  pressure  in  any 
direction.  The  base  must  be  designed  to  resist  pres- 
sure from  any  direction,  and  in  consequence  it  will  be 
symmetrical,  with  a  symmetrical  arrangement  of  piles. 

Where  this  condition  exists,  it  may  be  assumed  that 
the  direct  load  (with  the  horizontal  force  not  acting) 
will  rest  equally  on  all  piles.  Consequently  the  first 
part  of  the  above  solution,  involving  Equations  (1), 
(2)    and     (3),    becomes    unnecessary.     Furthermore, 

b 
equation  (4)  is  simplified,  for  the  reason  that  g'= — . 

2 

Practical  Considerations. — Returning  now  to  the  re- 
taining wall  in  Fig.  1  and  2,  the  following  practical 
considerations  should  be  kept  in  mind: 

1.  All  computations  may  be  made  with  a  slide-rule 
and  distances  may  be  scaled. 

2.  The  distance  from  the  edge  of  the  base  to  the 
nearest  row  of  piles  should  be  not  less  than  1  ft.  6  in. 

3.  Piles  should  be  not  less  than  2  ft.  6  in.  apart, 
if  it  is  desirable  to  have  rows  less  than  2  ft.  6  in.  apart, 
stagger  the  piles. 

4.  Pile  heads  should  project  up  into  the  base  at 
least  6  in.,  thereby  helping  to  resist  lateral  movement 
of  the  structure. 


Building  with  Suspended  Side- 
walls 

In  order  to  assure  the  electric  charging  station  at 
the  Cristobal  Terminal  of  the  Panama  Canal  against 
settlement,  it  was  constructed  with  a  continuous  re- 
inforced concrete  beam  which  extends  the  length  of 
the  building  on  the  center  columns  and  from  which 
the  sidewalls  are  literally  suspended  by  means  of 
cantilever  beams  set  at  intervals  of  10  ft.  The  walls 
are  only  4  in.  thick.  The  wall  on  the  sea  side  is  made 
fast  to  the  paving  by  means  of  anchor  bolts. 

The  building  is  at  the  head  of  the  slip  between  Piers 
8  and  9,  on  the  concrete  paving  on  the  mole  back  of 
the  landing  wharf  for  small  boats.    The  weight  of  the 

e-70- Rails  3yiq^. 
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Cross  Section    of    Electric   Charging    Station,   Cristobal. 

building  is  carried  on  a  row  of  columns  extending 
along  the  longitudinal  axis,  and  these  columns  are 
supported  on  the  steel  and  concrete  caissons  on  which 
rests  the  paving  at  the  head  of  the  slip.  On  the  side 
next  the  land  the  paving  is  supported  on  timber  piles 
which  have  settled  slightly. 

The  building  is  271%  ft.  long  by  51%  ft.  wide,  1 
story  high,  and  will  be  used  for  the  repair  shop  and 
electric  charging  station  for  the  electric  trucks  em- 
ployed at  the  docks  at  Cristobal.  Pending  the  ar- 
rival and  installation  of  the  electrical  equipment  it 
has  been  placed  in  service  temporarily  as  a  loft  and 
storage  house.  A  cross  section  of  the  station,  repro- 
duced from  the  Panama  Canal  Record,  from  which 
this  note  is  taken,  is  shown  above. 
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Selling  the  Services  of  a  Construc- 
tion Company 

At  the  World's  Salesmanship  Congress  last  June  at 
Detroit,  Mich.,  three  papers  of  particular  interest  to 
building  contractors  were  presented.  These  papers 
outlined  the  methods  employed  by  large  construc- 
tion companies  in  selling  their  services  for  pri- 
vate work.  Incidentally  the  authors — Mr.  Leonard 
C.  Watson,  president  the  Aberthaw  Construction 
Co.,  Boston;  William  P.  Anderson,  president  the 
Ferro  Concrete  Construction  Co.,  Cincinnati,  and 
J.  P.  H.  Perry,  contract  manager  Turner  Con- 
tracts.   Extracts  from  the  papers  follow: 

LEOXARD    C.    WASOX. 

Contracts  on  some  privately  owned  work  are  let  on 
cost  plus  fixed  sum  or  percentage  profit  basis,  and  for 
these  aggressive  selling  is  needed.  I  am  pleased  to 
say  that  these  types  of  contracts  are  growing  in  popu- 
larity. Some  of  the  arguments  which  the  salesman  can 
use  to  persuade  a  buyer  to  accept  them  are: 

The  work  can  be  started  before  the  plans  are  made 
and  six  weeks'  time  can  be  saved. 

The  contractor's  and  the  owner's  interests  are 
mutual.  Therefore,  better  and  cheaper  results  are 
obtained  than  with  a  lump  sum  contract  where  the 
parties'  interests  are  antagonistic. 

Changes,  either  additions  or  deductions,  can  easily 
be  made  at  cost. 

The  mutuality  affects  the  design,  purchasing  of  ma- 
terial, and  sub-contracts,  obtaining  of  labor  and 
finance;  eliminates  frictions  with  the  inspector. 

The  first  step  necessary  is  to  seek  out  opportunities 
for  obtaining  these  types  of  contracts.  The  most 
effective  method  is  to  visit  cities  and  tov/ns  seeking 
information  from  all  available  sources,  including  call- 
ing on  the  various  parties  who  are  thought  to  be  con- 
sidering the  erection  of  new  buildings.  This  method 
is  slow  and  expensive.  One  man  cannot  cover  much 
territory  and  do  it  well.  This  scouting,  however,  does 
not  take  the  best  men,  and  only  infrequently  brings 
the  scout  in  touch  with  the  high  executive  of  the  com- 
pany who  has  the  final  say  in  awarding  a  contract. 
It  should  be  so  well  done,  however,  that  it  leaves  a 
lasting  favorable  impression  on  every  one  seen,  as 
thereby  subsequent  work  is  made  much  easier.  The 
creation  and  maintenance  of  a  wide  acquaintance  and 
keeping  in  touch  with  those  who  have  been  met  are 
a  valuable  asset  leading  to  new  business,  though  they 
may  not  bring  immediate  results.  The  construction 
information  agencies  and  the  news  items  in  the  tech- 
nical press  are  too  late  to  be  useful,  as  information  is 
not  made  public  until  the  party  is  ready  to  receive 
bids. 

A  less  expensive  way  to  cover  a  large  field  is  by 
advertising  literature.  The  construction  company 
seeking  day  work  or  fixed  sum  profit  contracts  needs 
to  reach  directly  the  executive  official  in  whose  hands 
rests  the  final  decision  as  to  awarding  a  contract.  As 
these  men  change  from  time  to  time,  it  is  necessary 
to  keep  in  touch  with  one  or  two  others  who  may  be 
promoted.  It  is  also  necessary  to  be  on  good  terms 
with  the  engineer  in  the  employ  of  the  executive  in 
order  to  be  able  to  execute  a  contract  to  the  best  inter- 
ests of  all  concerned.  The  engineer,  however,  very 
seldom  has  much  influence  in  regard  to  awarding  con- 
tracts, although  if  he  is  hostile  it  may  either  make  it 
impossible  to  obtain  the  contract  or  make  the  latter 
undesirable  if  obtained.  Therefore,  the  style  of  adver- 
tising must  be  adapted  to  these  needs. 

Experience  has  shown  that  the  most  effective  though 
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perhaps  more  expensive  way  is  by  compiling  carefully 
a  mailing  list  of  the  executives  and  directors  of  com- 
panies whom  it  is  desired  to  interest;  of  large  in- 
vestors and  some  of  the  engineering  and  architectural 
profession.  It  can  be  taken  for  granted  that  little  if 
any  of  the  advertising  literature  will  be  kept  or  re- 
ferred to  later.  It  must,  therefore,  be  so  designed  as 
to  ^ell  its  story  and  make  an  impression  that  will  last 
until  further  matter  has  been  received. 

The  writer's  company  has,  after  various  experi- 
ments, decided  on  the  plan  of  sending  something  once 
a  month  to  its  mailing  list.  This  necessitates  some- 
thing bright,  interesting  and  brief,  and  therefore  not 
very  expensive  in  itself.  If  the  advertising  makes 
enough  impi-ession  on  the  recipient  to  draw  an  in- 
quiry it  has  done  its  work.  These  are  very  desirable, 
as  they  bring  the  salesman  and  buyer  together  on  a 
very  pleasant  basis,  greatly  increasing  the  former's 
effectiveness.  Then  the  real  selling  campaign  begins. 
No  fixed  rules  can  be  laid  down  of  methods  to  be 
followed.  The  principle  underlying  all  methods  is  to 
win  the  confidence  and  good  will  of  the  prospective 
client  by  direct  personal  contact  and  by  this  means 
obtain  his  order.  Confidence  in  the  salesman's  sin- 
cerity and  knowledge  is  absolutely  necessary.  He  is 
presumed  to  be  the  mirror  that  reflects  the  company. 
Assumed  that  he  is  a  total  stranger  at  the  start.  Write 
a  letter  for  an  appointment;  send  some  information 
and  perhaps  literature  to  make  the  prospect  want  more 
more  and  be  willing  to  see  you.  Then  get  a  letter  of 
introduction  from  a  mutual  friend.  This  will  get  you 
past  the  office  boy.  The  representative  who  calls  must 
be  of  pleasing  personality,  with  ability  to  meet  the 
prospect  on  his  own  footing  and  to  make  a  good  im- 
pression. He  should  be  able  to  answer  almost  any 
question  asked  him  regarding  the  operating  details  of 
his  own  company  intelligently  and  authoritatively.  He 
must  be  perfectly  frank  and  truthful,  even  if  it  results 
in  losing  an  order.  A  favorable  impression  is  left 
that  some  time  will  help  the  salesman's  company. 
Many  salesmen  fall  down  by  their  failure  to  tell  the 
truth  when  it  hurts. 

He  must  everlastingly  present  the  main  issues,  be- 
ing careful  not  to  talk  of  details  which  will  only  weary 
the  buyer,  and  certainly  will  not  tend  to  obtain  his 
signature.  The  decision  must  be  hammered  through 
on  principles. 

It  is  desirable  that  he  should  know  enough  about 
other  lines  of  work  so  that  he  can,  without  being 
officious,  offer  advice  wisely  on  matters  concerning  the 
business  of  the  prospective  client.  If  he  is  able  to 
do  this  latter  he  is  sure  to  make  a  real  impression. 
This  requires  a  salesman  of  unusual  ability  and  ex- 
perience. 

After  making  a  man's  acquaintance  the  steps  which 
follow  are  easier  to  determine  upon.  They  consist  in 
part  of  getting  his  friends  to  write  or  see  him  in  your 
behalf.  He  is  affected  most  by  successful  competitors 
in  his  own  line  of  business  who  write  or  see  him  and 
endorse  your  company.  Induce  him  to  write  to  ten 
or  more  of  your  recent  clients  so  as  to  get  disinter- 
ested opinion  from  those  who  have  had  recent  experi- 
ence with  you  as  to  your  worthiness.  If  they  come 
from  men  respected  in  the  business  world  they  will 
frequently  land  the  job.  This  implies  that  your  com- 
pany is  absolutely  reliable,  honest,  trustworthy  and 
frank  in  all  its  dealings,  as  well  as  thoroughly  com- 
petent. Otherwise  you  would  be  taking  grave  chances 
to  entrust  your  reputation  to  past  clients  who  know 
you  so  well  by  recent  intimate  experience. 

This  leads  again  to  the  question,  what  has  a  con- 
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struction  company  to  sell  under  the  cost  plus  fixed 
sum  type  of  contract?  Its  service — that  is,  its  ability 
to  construct  a  given  piece  of  work  quickly,  econom- 
ically and  safely,  to  the  complete  satisfaction  of  the 
owner  and  his  engineer,  so  that  he  will  be  satisfied  or 
more  than  satisfied  with  the  final  result,  and  can  be 
relied  upon  as  a  salesman  to  help  you  sell  subsequent 
work  on  account  of  his  enthusiastic  endorsement  of 
the  service  he  has  received.  It  is  certain  that  a  com- 
pany doing  this  type  of  business  must  give  better 
service  than  the  ordinary  run  of  contractors  in  order 
to  make  it  worth  the  owner's  while  to  employ  the 
company  to  do  its  work  rather  than  another  con- 
tractor as  the  result  of  competitive  bids.  The  con- 
struction company  must,  therefore,  have  a  most  effi- 
cient organization  to  back  up  its  selling  force. 

It  has  been  found  desirable  and  almost  necessary 
for  the  salesman  to  keep  in  touch  with  the  owner  and 
the  contract  from  start  to  finish  in  order  to  see  that 
every  detail  of  the  agreement  with  the  owner,  both 
written  and  verbal,  is  lived  up  to — not  only  in  letter, 
but  in  spirit;  and,  if  possible,  that  results  may  be 
even  better  than  those  promised  when  the  job  was 
sold. 

The  salesman  must  be  somewhat  of  a  free  lance, 
particularly  in  regard  to  his  time,  so  that  he  can  keep 
an  appointment  at  the  purchaser's  convenience  with- 
out fail.  It  requires  a  much  different  temperament 
for  a  man  whose  time  is  largely  devoted  to  selling, 
and  not  fully  occupied,  from  the  man  who  executes 
the  work  and  must  be  always  available  to  supervise 
details  of  construction,  and  who  is  largely  absorbed 
in  numerous  details  which  do  not  give  him  time  for 
reflection  and  decision  on  the  larger  problems  which 
come  before  the  salesman.  Therefore,  the  two  activ- 
ities cannot  be  combined  in  one  man. 

J.   H.    p.    PERRY. 

Selling  a  concrete  building  to  its  owner  usually 
really  means  the  getting  of  the  contract  to  erect  such 
a  building.  It  seems  to  me  that  fundamentally  it 
makes  little  diflFerence  whether  we  are  out  to  get  a 
lump  sum  contract,  a  cost  plus  percentage  contract, 
or  a  cost  and  profit-sharing  contract,  or  any  of  the 
many  service  forms  of  building  contracts — the  under- 
lying problem  is  to  get  the  job.  The  perfect  salesman 
for  this  class  of  business  is  the  fellow  who  can  get  the 
contract. 

It  has  been  my  experience  that  contractors  weaken 
their  selling  campaigns  the  moment  they  attempt  to 
dictate  to  the  prospective  customer  how  that  customer 
shall  do  his  business.  Our  position  has  always  been 
that  we  were  out  to  sell  our  services  to  our  customers 
on  any  fair  basis  and  that  the  form  of  contract  they 
chose  was  of  secondai^*  importance. 

Suppose  you  hear  of  a  factory  that  is  going  to  be 
built  and  you  decide  you  want  the  contract. 

You've  got  considerable  of  a  task  to  make  the  proper 
approach  and  interest  your  prospect  in  your  proposi- 
tion. Perhaps  you  have,  first  of  all,  to  sell  concrete 
as  compared  to  steel  or  mill  construction  if  the  status 
of  the  building,  so  far  as  materials  or  construc- 
tion is  concerned,  is  not  already  established.  That 
accomplished,  either  by  you  or  previously,  next 
comes  the  presentation  of  the  actual  contract- 
getting  talking  points,  such  as  your  company's 
record  of  work  done,  its  present  readiness  to 
erect  the  building  in  question,  its  financial  strength 
and  the  perfection  of  its  organization.  Then  the 
merits  have  to  be  made  clear  of  such  factors  as  the 
plant  ready  to  send  to  the  job  at  once,  the  liveness  of 
the  traffic  department,  the  speed  records,  and  what 


certainty  of  delivery  means,  and,  above  all  else,  de- 
pendability of  performance. 

To  drive  home  to  the  buyer's  inner  consciousness, 
to  that  part  of  him  which  actually  moves  himself  as 
distinct  from  the  external  casual  momentary  side  of 
him,  these  selling  arguments,  and  also  to  make  each 
of  the  many  other  talking  points  count  and  win ;  to 
tell  this  story  so  that  the  listener  will  believ£  it,  and, 
what  is  more,  believe  it  so  he  knows  unalterably  that 
what  is  back  of  the  salesman  is  the  best  on  the  market 
— all  this  is  ordinarily  as  much  as  the  salesman  can 
hope  to  accomplish. 

If  you  bring  up  the  question  of  the  particular  form 
of  contract  that  the  contractor  will  alone  accept  you 
add  to  the  salesman's  task  and  bring  in  a  new  element 
which  really  is  a  subject  by  itself  and  but  a  detail  of 
the  big  selling  problem. 

The  statement  has  been  made  that  no  selling  is 
possible  except  when  the  contract  takes  the  form  of  a 
service  or  percentage  document.  I  want  to  take  excep- 
tion to  this  statement.  I  know  of  many  instance.'; 
where  hard,  intensive  selling — such,  for  example,  as 
interviews,  telephone  calls,  frequent  telegrams,  photo- 
graphs, monthly,  weekly,  daily,  twice  a  day,  influence 
channels  properly  worked,  printed  literature,  inspec- 
tion trips  to  similar  jobs — where  such  good,  hard 
sweating  has  landed  the  contract  at  a  preference  in 
the  straightest  and  hardest  kind  of  competition. 

The  intelligent  owner  starts  out  not  to  buy  a  par- 
ticular kind  of  contract,  but  to  select  the  contractor 
he  believes  will  serve  him  best.  Of  course  if  the  con- 
tractor can  persuade  the  owner  to  award  the  job  with- 
out competition,  so  much  the  better;  and  for  this  kind 
of  a  deal  the  service  of  percentage  contract  has  many 
merits  and  advantages  and  is  rapidly  coming  into 
force.  In  fact  the  writer's  company  out  of  32  concrete 
buildings  contracted  for  in  the  first  five  months  of 
1917  handled  26  on  a  cost  and  percentage  basis.  But 
as  far  as  the  general  selling  problem  is  concerned  the 
form  of  contract  is  secondary.  Sell  your  services  first 
and  then  sit  down  with  the  lawyers  to  sign  the  papers. 
The  contract  form  is  but  one  of  the  good  building 
salesman's  many  talking  points — to  be  used  as  needed. 

Industrial  executives  in  letting  building  contracts 
may,  in  my  experience,  be  divided  into  two  broad 
classes,  and  I  believe  this  division  applies  pretty 
widely  to  any  set  of  buyers : 

First,  the  man  (or  company)  who  wants  what  he 
wants  more  than  the  money  it  costs. 

Second,  the  fellow  who  thinks  more  about  the  price 
than  he  does  about  his  purchase. 

Number  1  you  can  sell.  He  wants  a  good  building, 
built  on  time,  and  is  willing  to  pay  a  fair  price. 
Secure  his  confidence  and  let  him  write  his  own  con- 
tract (whether  he  takes  competition  or  not  depends 
on  the  salesman  or  on  unchangeable  conditions). 
There  is,  as  other  builders  have  well  pointed  out,  no 
better  line  of  attack  than  to  reach  your  man  through 
his  own  industry  or  his  own  friends.  Another  good 
way  to  sell  buildings  is  to  let  some  one  else  sell  for 
you.  Impartial  opinion,  real  or  ostensible,  goes  miles 
beyond  prejudiced  salesman's  talk.  Architects  or  engi- 
neers should  be  cultivated  to  this  end. 

Often  competitive  bids  are  taken  by  this  first  class 
of  buyers,  but  they  select  from  their  bids  the  concern 
they  believe  to  be  the  best.  Of  course,  price  has  to  be 
considered,  but  is  of  secondary  importance.  A  good 
building  salesman  keeps  it  there.  The  refusal  of  a 
job  at  a  price  other  than  your  bid  is  a  situation  to 
be  sought  and  of  great  value  when  secured. 

Number  2  can  also  be  sold,  but  it  is  a  far  harder 


(25) 


152 


ENGINEERING     AND     CONTRACTING 


Vol.  48,  No.  8. 


accomplishment  and  rather  rare,  unless  we  consider 
getting  a  job  on  price  selling.  Personally  I  think  it  is 
order  taking.  Price  alone  is  being  more  and  more 
talked  out  of  the  modern  contracting  business,  but 
it's  a  mighty  big  factor  yet. 

The  architect  and  the  engineer  are  susceptible  to 
the  same  line  of  thought  as  the  owner.  Of  course 
the  details  of  approach,  argument  and  closing  are 
radically  different,  but  the  foregoing  principles  are 
fundamentally  correct  here  as  well. 

In  selling  reinforced  concrete  buildings  a  man  is 
ai'guing  the  merits  of  a  material  or  of  a  class  of  con- 
struction. 

In  getting  a  job  the  contractor  is,  of  course,  sell- 
ing services.  Often  the  two  problems  dovetail.  It 
seems  to  me,  however,  that  for  either  or  both  the  fol- 
lowing requirements  are  vital  to  successful  selling. 

First:  Perfect  your  organization  to  the  point  where 
it  can  and  does  do  what  is  claimed  for  it.  Overstate- 
ments of  merit  gives  but  temporary  success. 

Second:  Advertise  energetically  and  as  e.xtensively 
as  your  purse  affords.  Job  signs,  booklets,  photo- 
graphs, magazines,  newspapers — all  are  effective. 

Third:  Intensively  sell  by  means  of  men  of  pleas- 
ant personality  who  know  their  game — that  is,  are 
experienced  in  the  concrete  construction  field,  can  de- 
sign broadly  and  advise  knowingly,  and.  above  all,  who 
have  energy  and  courage  and  won't  take  no. 

W.   p.  ANDERSON. 

From  the  experience  of  our  company  I  feel  that 
salesmanship  plays  an  important  part  in  obtaining 
work  even  on  a  competitive  basis.  This  scarcely  ap- 
plies to  competitive  work  let  by  public  bodies,  but 
even  they  have  some  discretionary  power,  and  it  is 
advisable  to  have  those  who  control  the  letting  of 
such  work  familiar  with  the  reputation  of  the  bidder. 
In  bidding  on  private  competitive  work  the  owner  is 
not  bound  by  any  rules  and  often  favors  a  contractor 
on  account  of  his  reputation  for  fair  dealing  and  ex- 
cellent work. 

There  are  certain  general  points  to  be  considered 
in  the  selling  problem  regardless  of  the  form  of  con- 
tract, and  other  points  must  be  considered  with  par- 
ticular reference  to  the  class  of  contract  under  which 
the  salesman  is  endeavoring  to  get  the  work.  The 
overhead  expense  of  a  construction  company  is  a  small 
percentage  of  its  total  business.  It  can  be  made  lower 
on  work  done  on  a  cost  plus  a  fixed  sum  or  percentage 
than  for  work  done  on  a  flat  price,  as  in  the  latter  case 
many  more  careful  and  expensive  estimates  of  cost 
are  required  in  getting  work.  The  money  saved  can 
be  utilized  in  giving  more  to  actual  clients,  by  being 
liberal  in  settling  disputed  points,  thus  causing  them 
to  become  repeaters  and  boosters,  which  is  one  of  the 
greatest  selling  assets.  The  tendency  in  competitive 
bidding  to  estimate  a  great  number  of  jobs  is  partially 
due  to  the  fact  that  architects  expect  it.  Sometimes 
the  contractor  guesses  or  obtains  a  figure  from  other 
contractors  in  order  to  put  in  a  high  bid  to  satisfy  the 
architect.  High  bidding  does  not  hurt  the  competitive 
bidder  as  it  creates  a  feeling  of  superiority,  and,  other 
things  being  equal,  the  superior  firm  gets  the  job, 
often  at  a  higher  price  than  his  competitor.  This  may 
have  a  different  effect  on  clients  letting  work  on  a 
cost  plus  a  fixed  sum  or  percentage  basis,  as  here 
he  is  vitally  interested  in  the  contractor's  ability  to  do 
good  work  at  a  minimum  cost  and  maximum  speed, 
with  as  little  annoyance  and  friction  as  possible.  Our 
salesmen  emphasize  these  points  as  well  as  our  firm's 
engineering  ability,  which  often  causes  a  great  saving 
in   original   cost  or  in  the   operating  cost  when   the 


building  is  in  use,  and  we  bring  these  facts  home  by 
having  former  clients  write  or  speak  of  them  to  pros- 
pective clients. 

There  is  a  tendency  for  architects  and  owners  rather 
to  look  down  upon  the  contractor,  hardly  considering 
him  their  equal,  but  as  a  slick  fellow  who  will  bear 
close  watching.  They  consider  it  a  favor  on  their  part 
to  allow  the  contractor  to  bid,  not  realizing  the  ex- 
pense he  is  put  to  in  so  doing,  and  that  they  are  the 
ones  that  need  the  favor  and  that  in  reality  the  shoe 
is  on  the  other  foot.  The  salesman  should  be  inde- 
pendent and  not  tolerate  this  attitude,  but  consider 
himself  absolutely  on  an  equal  plane.  The  class  of 
men  in  control  of  the  firms  who  are  forging  ahead 
in  the  field  of  getting  work  on  a  cost  plus  a  fixed  sum 
or  percentage  basis  are  of  the  highest  type,  and  the 
reputation  for  honesty  and  merit  required  for  this 
class  of  work  does  not  go  with  servility. 

Over  90  per  cent  of  our  present  work  was  obtained 
on  a  cost  plus  a  fixed  sum  or  percentage  basis,  which 
is  growing  in  popularity  due  to  the  many  advantages 
inherent  in  this  form  of  contract.  The  munitions 
board.  Council  of  National  Defense,  is  thus  letting 
contracts,  due  to  the  speed  obtained  thereby.  The 
salesman  must  overcome  a  prejudice  against  this  form 
of  contract,  as  at  first  an  owner  cannot  see  the  merits, 
often  because  he  does  not  get  work  this  way,  not  realiz- 
ing the  difficulty  of  checking  costs  in  a  factory,  with 
large  overhead  expense  and  more  than  one  client,  is 
overcome  where  practically  the  entire  work  is  done  at 
one  spot  and  for  the  client  exclusivly.  The  feeling 
that  the  contractor  is  a  robber  and  holdup  must  be 
overcome,  but  this  feeling  in  general  may  be  made  an 
asset  to  the  salesman  where  he  can  show  that  his 
firm  does  not  possess  these  qualities  and  can  convince 
the  owner  of  the  manifold  advantages  of  the  cost  plus 
a  fixed  sum  or  percentage  contract. 

It  requires  an  exceptionally  high  type  of  man  to 
go  after  this  class  of  business.  He  should  have  a 
pleasing  personality,  be  a  good  mixer,  and  have  confi- 
dence obtained  by  previous  experience,  in  convincing 
clients  of  the  advantages  of  the  form  of  contract  rec- 
ommended and  the  exceptional  service  his  particular 
firm  can  render.  Often  a  complete  knowledge  of  de- 
sign and  ability  to  estimate  cost  is  necessarj'  where 
the  prospect  is  uncertain  as  to  his  exact  needs  and 
wishes  suggestions  or  to  know  at  once  the  costs  of 
various  types  of  building.  In  most  cases,  however,  the 
salesman  need  not  be  an  engineer,  and  should  have 
no  other  duties  which  might  interfere  with  his  work. 

To  insure  good  workmanship,  speed  and  satisfied 
clients  each  job  needs  a  group  of  men  thoroughly 
tried  out  in  the  company's  own  organization,  and  con- 
sequently the  unit  of  sale  is  large  and  may  average 
considerably  over  $100,000  for  those  jobs  which  are 
not  near  enough  together  to  be  handled  by  one  organ- 
ization. Consequently,  although  the  percentage  cost 
may  be  small,  a  large  sum  can  be  spent  in  landing  a 
single  job. 

We  find  it  better  to  confine  our  intensive  salesman- 
ship work  to  a  limited  number  of  very  good  prospects 
instead  of  trying  to  go  after  all  the  prospects  we  hear 
of.  When  a  prospect  looks  good,  however,  stick  to  it 
until  the  job  is  landed  or  lost. 

In  short  the  secret  of  successful  selling  of  a  con- 
struction company's  service  is  to  first  build  up  an  effi- 
cient organization;  obtain  a  high  reputation  for  hon- 
esty, engineering  ability,  fair  dealing,  speed  and  good 
work,  and  then  convince  prospective  clients  of  these 
facts  and  the  advantages  of  having  this  kind  of  a  con- 
tractor do  his  work. 
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Conveying  Building  Materials  by 
Gravity  Rollers 

A  recent  development  in  the  building  construction 
field  is  the  employment  of  gravity  roller  conveyors 
for  transporting  materials,  thus  doing  away  in  a 
measure  with  hod  carriers  and  wheelers.  This  method 
of  handling  cement,  tile,  brick,  mortar  and  even  form 
lumber  has  been  used  in  connection  with  the  erection 
of  many  of  the  largest  reinforced  concrete  buildings 
built  in  the  last  few  months. 

The  conveyors  consist  of  ball  bearing  rollers  as- 
sembled in  a  steel  frame.  They  are  made  in  sections 
and  provided  with  couplings  which  permit  a  line  of 
any  desired  length  to  be  assembled  quickly.  The  con- 
veyor line  is  supported  on  horses  or  on  adjustable 
jacks,  one  at  each  coupling,  and  is  given  a  slight  in- 
cline. Ordinarily  a  fall  of  5  per  cent  is  sufficient  to 
move  any  kind  of  building  material.  The  portable 
units  of  the  Mathews'  standard  conveyor  are  4  ft.  and 
8  ft.  in  length  for  the  straight  sections.     The  curve 


Fig.     1 — Unloading     Cement     with     Gravity     Rolier     Conveyor. 

sections  are  made  in  90°  and  45°  angles.  The  con- 
veyor designed  mainly  for  handling  brick  is  made  in 
widths  from  8  in.  to  10  in.  and  ranges  in  weight  from 
18  lb.  to  24  lb.  per  lineal  foot.  Conveyors  for  other 
classes  of  materials  are  made  in  various  widths  from 
12  in.  up  to  18  in.,  and  with  rollers  spaced  from  3-in. 
centers  up  to  18-in.  centers.  A  12-in.  carrier  with 
rollers  spaced  3  in.  from  center  to  center  weighs  21  lb. 
per  lineal  foot.  The  same  carrier  18  in.  wide  runs  to 
26  lb.  per  lineal  foot. 

Among  the  larger  contractors  using  the  Mathews 
conveyor  are  the  Ferro  Concrete  Construction  Co.  of 
Cincinnati,  0.,  and  the  Aberthaw  Construction  Co. 
of  Boston,  Mass.  The  latter  company  carries  the  con- 
veyor as  a  part  of  its  standard  equipment  and  a  speci- 
fied length  is  shipped  with  the  other  equipment  to 
every  construction  job  of  any  size.  The  accompany- 
ing illustrations  show  various  ways  in  which  these 
carriers  are  utilized  by  the  Aberthaw  Co.,  while  the 
results  make  clear  the  economy.  The  possession  of 
such  equipment  leads  to  considerable  ingenuity  in  its 
use. 

In  Fig.  1  is  shown  a  short  length  of  a  conveyor  un- 
loading cement  at  the  Stanley  Works  job  in  New 
Britain,  Conn.  This  was  in  the  early  stages  of  the 
work,  only  two  or  three  cars  being  unloaded  in  this 
way,  and  cement  being  conveyed  only  about  20  ft. 
The  brick  on  this  job  was  also  unloaded  by  means 
of  a  carrier,  and  lumber  was  conveyed  from  stock 
piles  to  the  saw  bench.     Considerable  saving  was  ef- 


fected by  moving  the  lumber  in  this  way,  although 
no  figures  can  be  given.  In  this  connection,  it  is  in- 
teresting to  note  that  the  finished  building  of  the 
Stanley  Co.  is  equipped  with  a  Mathews  gravity  cir- 
cular conveyor  which  runs  from  the  8th  floor  down  to 
the  2d  floor,  making  four  complete  turns  in  seven 
stories,  with  6-ft.  3-in.  radius  and  3-ft.  8-in.  clear 
opening  in  the  center.  The  conveyor  handles  the 
goods  as  packed  on  all  floors,  and  delivers  them  to  the 
second  floor,  whence  they  are  placed  either  in  storage 
piles  or  in  freight  cars. 

In  connection  with  the  construction  of  the  large 
building  for  Colt's  Patent  Fire  Arms  Mfg.  Co.,  at 
Hartford,  Conn.,  one  of  these  carriers  effected  very 
great  economy  in  unloading  cement.  The  building 
ran  at  right  angles  to  the  track  where  the  cement  cars 
were  set,  and  the  cement  shed  was  placed  in  the  angle 
formed  by  the  building  and  the  tracks  about  30  ft. 
away  from  the  building,  and  perhaps  half  that  dis- 
tance from  the  track.  Several  cars  were  placed  on  the 
siding  at  one  time  in  some  instances,  and  it  was  not 
always  possible  to  have  the  cement  cars  at  the  point 
nearest  the  cement  shed.  The  carrier  was,  therefore, 
set  up  in  some  instances  a  distance  of  as  much  as  300 
ft.  on  either  side  of  the  cement  shed.  Cement  was 
placed  four  bags  on  a  wooden  pallet,  and  the  pallet 
placed  on  a  carrier  which  conveyed  it  parallel  to  the 
track  until  opposite  the  cement  shed  when  it  turned 
a  right  angle  and  ran  into  the  shed  where  the  ce- 
ment was  removed  and  piled.  This  shed  carried  the 
storage  for  the  job,  which  consisted  of  about  30  per 
cent  of  the  net  requirements  or  barrels.  The  bal- 
ance of  the  cement  was  unloaded  from  the  cars  to 
the  mixers  which  were  about  half  way  down  the 
building,  where  there  was  not  sufficient  grade  to  use 
the  gravity  carrier.    The  railroad  tracks  were  elevated 


2 — Gravity    Roller    Conveyors    in    Construction    of    Plant    of 
Farrell    Foundry   &    Machine    Co..    Ansonia,    Conn. 


probably   12  ft.   above  the  level  of  the  cement  shed 
floor. 

Another  instance  in  which  this  conveyor  was  used 
by  the  Aberthaw  Co.  was  one  some  recent  work  for  the 
Fore  River  Shipbuilding  Corporation  at  Quincy,  Mass. 
It  was  found  necessary  to  move  a  pile  of  creosoted  rail- 
road ties  numbering  about  1,200  to  a  point  about  75 
ft.  distant.  A  line  of  gravity  carrier  was  set  and  the 
ties  placed  on  it  one  at  a  time  lengthwise  and  trans- 
ported without  difficulty.  The  ties  were  loaded  by 
two  men  and  unloaded  and  piled  by  four  men  at  an 
estimated  cost  of  about  half  of  the  expenditure  that 
would  be  necessary  if  they  had  been  handled  a  simi- 
lar distance  by  hand. 


(27) 


154 


i-;xi;ixe]-:rix(;    and    coxtractixc, 


\'ol.  48,  No.  8. 


Curves  for  Angles  as  Compression 
Members 

By  E.  DOW  OILMAN. 

instructor     Experimental     Engineering,     University     of     Min- 
nesota. 

In  the  design  of  steel  compression  raembers  two 
factors  are  generally  known:  the  length  of  the  mem- 
ber and  the  total  load  that  it  is  to  support.  With  these 
known  it  is  necessary  to  determine  what  section  or 
combination  of  sections  is  most  economical  and  will 
support  the  load  within  the  limits  of  safety  as  ex- 
pressed by  one  or  more  of  the  many  known  column 
formulas.  In  all  of  these  formulas  the  slenderness 
ratio,  the  ratio  of  the  length  to  the  least  radius  of 
gyration  of  the  section  chosen,  is  the  determining  fac- 
tor upon  which  the  allowable  load  per  unit  area  de- 


Lenqih-  Inches 
Curves   1,  2  and  3,  One  Angle,  5   16-ln.,   ^^-in.   and   7  16-ln.   Metal. 

pends,  and  the  area  must  be  such  that  this  allowable 
unit  load  will  not  be  exceeded  when  the  total  load  is 
sustained.  The  most  common  formula  for  determin- 
ing the  allowable  unit  load  is  S  =  16,000  —  70  L/r, 
where  S  is  the  load  in  pounds  per  square  inch,  L  i.s 
the  length  in  inches,  and  r  is  the  least  radius  of 
gyration  in  inches.  The  curves  here  presented  were 
plotted  for  use  in  work  where  the  allowable  unit  load 
was  found  by  the  formula  8  =  18,000  —  80  L/r,  a 
formula  similar  to  the  one  above,  but  giving  slightly 
higher  unit  loads. 

When  choosing  a  section  of  a  given  length  to  sup- 
port a  given  total  load  there  are  two  methods  generally 
employed.  The  steel  handbooks  contain  tables  show- 
ing the  necessary  elements  of  the  common  sections 
used.     A  section  may  be  chosen  for  investigation,  the 


Curves    4,    5    and    6,    One    Angle,    Equal    Legs,    and   Two    Angles, 
Equal    Legs. 
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allowable  unit  compression  determined  by  formula, 
and  if  the  given  total  load  divided  by  the  area  of  the 
section  does  not  exceed  this  allowable  stress  the  sec- 
tion is  taken  as  strong  enough  to  support  the  load, 
provided  also  that  the  slenderness  ratio  does  not  ex- 
ceed a  specified  maximum,  another  factor  requiring 
investigation.  In  most  cases  the  economical  section 
will  be  the  one  in  which  the  metal  is  so  placed  as  to 
give  the  greatest  allowable  unit  stress  and  the  least 
area  to  carry  the  load  within  this  limit  of  unit  stress. 
To  obtain  this  may  require  investigation  of  several 
sections. 

A  second  and  more  rapid  method  of  choosing  a  sec- 
tion to  carry  a  given  load  is  to  refer  to  table  of  safe 
loads  for  specified  sections  of  a  given  length  contained 
in  many  handbooks.  To  present  these  facts  in  a  graph- 
ical manner,  a  method  which  greatly  facilitates  and 
aids  one's  judgment,  the  accompanying  curves  were 
plotted  and  have  been  used  by  the  writer  with  splendid 
success. 

These  curves  have  been  plotted  for  only  those  par- 
ticular sections  for  which  the  writer  was  having  most 
frequent  use.  They  may  be  readily  extended  to  in- 
clude other  sections.  The  curves  here  presented  are 
for  5/16-in.,  ^s-in.  and  7/16-in.  angles,  using  as  a  strut 
one  angle,  equal  and  unequal  legs,  and  two  angles, 
equal  and  unequal  legs,  the  long  legs  back  to  back 
and  %  in.  apart.  The  allowable  unit  stress  is  ex- 
pressed by  the  formula  S  =  18,000  —  80  L/r.  The 
abscissae  represent  the  length  of  the  member  in 
inches,  and  the  ordinates  the  total  load  in  thousands 
of  pounds  that  the  member  of  given  length  will  carry, 
with  the  unit  stress  as  expressed  in  the  above  formula. 
The  total  allowable  load  varies  in  direct  inverse  ratio 
with  the  length,  and  the  straight  line  representing 
this  variation  may  be  easily  plotted  from  the  extreme 
conditions.  When  the  allowable  load  (the  ordinate) 
equals  zero  the  length  is  a  maximum  and  is  equal  to 
L=  18,000  r/80,  and  when  the  length  (the  abscissa) 
equals  zero  the  allowable  load  is  a  maximum  and  is 
equal  to  18,000  times  the  area.  The  straight  line  be- 
tween these  points  represents  the  maximum  loads  for 
corresponding  lengths.  Furthermore,  the  lighter  of 
two  possible  sections  may  be  chosen  at  a  glance.  The 
intercept  on  the  load  axis,  being  directly  proportional 
to  the  ai-ea,  is  also  directly  proportional  to  the  weight 
per  foot.  That  section  represented  by  the  line  which 
fulfills  the  required  conditions  and  intercepts  the 
load  axis  at  the  lowest  point  is  the  lighter.  For  ex- 
ample, if  a  member  100  in.  long  is  to  support  50,000 
lb.  we  find  from  curve  9  that  two  3I2  x2io  x  7/16-in. 
angles  will  support  51,800  lb.,  and  on  curve  No.  7  that 
two  4^2  X  3  X  5/16-in.  or  two  4  x  3'  o  x  5/16-in.  angles 
will  support  52,500  lb.  The  intercept  of  the  first  on 
the  load  axis  is  87+  and  of  the  second  is  81 — ,  so 
the  second  or  the  5/16-in.  metal  will  be  the  lighter, 
even  though  the  maximum  load  that  it  can  carry  is  the 
larger.  This  fact  becomes  known  relatively  without 
the  necessity  of  knowing  the  exact  weight  which 
would  show  that  two  3V2x2y2x7/16-in.  angles  weigh 
16.6  lb.  per  foot  and  the  two  4y2x3x5/16-in.  angles 
weigh  15.4  lb.  per  foot. 

The  length  at  which  L/r  is  equal  to  120  is  shovra  on 
the  curves,  and  the  length  for  any  other  desired  slen- 
derness ratio  could  be  plotted  in  a  similar  manner. 
The  curves  assume  equal  distribution  of  stress  over 
the  entire  area,  an  assumption  commonly  made,  though 
evidently  an  error. 
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Relative  Effectiveness  of  Various 
Types  of  Roofs  in  Prevent- 
ing Condensation 

Laboratory  tests  have  been  conducted  by  F.  P. 
Sheldon  &  Son,  engineers  and  architects.  Providence, 
K.  I.,  to  determine  the  relative  effectiveness  of  various 
types  of  roofs  in  preventing  the  formation  of  con- 
densation upon  their  under  surface.  The  results  of 
these  tests  were  outlined  in  a  paper  presented  by  the 
above  mentioned  firm  at  the  last  annual  meeting  of 
the  National  Association  of  Cotton  Manufacturers, 
from  which  the  matter  following  has  been  taken: 

Each  sample  roof  was  tested  under  three  different 
conditions  of  heat  head  to  obtain  results  correspond- 
ing to  outside  temperatures  of  about  20°  F.,  0°  F.  and 
minus  20°  F.,  for  a  given  inside  temperature  of  70°  F. 
in  each  case.  All  tests  were  started  only  after  read- 
ings of  the  various  thermometers  indicated  that  the 
thermal  conditions  had  become  constant.  Steam  was 
then  very  slowly  admitted  to  the  test  box,  resulting  in 
an  increase  of  relative  humidity  as  noted  by  rise  in 
the  wet  bulb.  Compensation  for  heat  added  by  admis- 
sion of  steam  was  made  by  adjusting  the  amount  sup- 
plied through  an  electric  heater  so  that  the  dry  bulb 
temperature  during  the  test  remained  practically  con- 
stant. Formation  of  condensation  on  the  underside 
of  roof  was  noted,  this  occurring,  of  course,  when  the 
dew  point  of  the  air  within  increased,  and  became 
equal  to  or  higher  than  the  temperature  of  the  surface 
in  question. 

The  tests  embraced  concrete  and  plank  roofs  with 
various  types  of  insulation.  A  curve  was  plotted  on 
the  three  points  obtained,  relative  humidities  being 
used  as  abscissae,  and  heat  head  or  temperature  dif- 
ference as  ordinates.  The  diagram  shows  the  curves 
obtained  for  various  sample  roofs,  and  since  they  are 
based  on  70°  F.  dry  bulb  temperature  the  correspond- 
ing outside  temperature  as  well  as  heat  heads  are 
also  shown  as  ordinates. 

In  the  diagram  all  curves  are  prolonged  through  a 
common  origin,  which  is  a  theoretical  point  based  on 
0°  heat  head;  that  is,  if  the  temperature  of  the  air  on 
both  sides  of  a  roof  of  any  material  is  the  same,  con- 
densation will  not  occur  until  100  per  cent  relative 
humidity  is  reached. 

Starting  from  this  point  two  interesting  theoretical 
curves  may  be  drawn,  as  indicated  by  dotted  lines. 
They  constitute  the  limiting  curves  between  which 
all  materials  whatsoever,  from  the  most  perfect  con- 
ductor of  heat  to  the  most  perfect  insulator,  must  fall.' 
The  first,  which  is  a  vertical  at  the  extreme  right,  is 
the  line  of  the  perfect  insulator.  It  is  purely  theoreti- 
cal and  illustrates  that  if  it  were  possible  to  obtain 
such  an  insulator  100  per  cent  relative  humidity  could 
be  carried  at  any  difference  in  temperature  between 
the  outer  and  inner  surfaces,  because  there  would  be 
no  flow  of  heat,  and  consequently  no  temperature 
gradient  within  the  material.  That  is,  the  surface 
temperatures  would  be  exactly  the  same  as  the  air 
with  which  they  are  in  contact. 

The  second  curve  at  the  extreme  left  is  designated 
the  "dew  point  curve,"  and  represents  the  depression 
of  the  dew  point  (based  on  dry  bulb  temperature  of 
70°  F.)  for  various  relative  humidities  from  3  per 
cent  to  100  per  cent.  This  curve  is  also  purely  theo- 
retical and  illustrates  that  the  poorest  insulator  will 
carry  somewhat  greater  relative  humidities  than  those 
indicated. 

It  should  be  noted  that  all  these  curves  have  refer- 


ence to  the  particular  relative  humidity  at  which  con- 
densation will  take  place  on  the  underside  of  roofs. 
With  regard  to  wood  roofs,  however,  there  is  another 
important  consideration  which  must  be  taken  into 
account;  namely,  the  cracks  between  the  plank  afford 
a  more  or  less  direct  channel  by  which  the  warm, 
moist  air  in  the  room  below  may  reach  the  underside 
of  the  roofing  paper.  Since  the  standard  5  or  6-ply 
tar  and  gravel  roof  is  a  poor  insulator  of  heat,  the 
temperature  of  its  under  surface  is  consequently  but 
slightly  warmer  than  that  of  its  top  surface.  This 
results  in  a  chilling  of  the  air  which  comes  in  contact 
with  it  and  the  formation  of  condensation  if  the  cool- 
ing is  carried  on  beyond  the  dew  point. 

In  buildings  where  artificial  humidification  is  re- 
sorted to,  or  where  the  humidity  is  naturally  high,  this 
fact  means  nothing  more  nor  less  than  that  the  first 
ply  of  roofing  on  the  average  roof  of  this  type  in  this 
climate  is  wet  during  the  greater  part  of  the  heating 
season.  In  a  new  building  moisture  may  not  be  evi- 
dent until  some  time  after  erection,  due  to  the  hygro- 
scopic property  of  the  roof  plank — the  wood  itself 
absorbing  the  condensation  if  the  deposition  of  the 
latter,  on  account  of  poor  air  circulation  through  the 
cracks,  is  not  too  rapid.     But  on  a  roof  having  wide 
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Various    Types   of    Roofs    Without   Condensation 

Upon    Their    Under    Surfaces. 

cracks  condensation  is  certain  to  come  sooner  or  later 
if  the  warm  humid  air  of  the  room  below  comes  in  con- 
tact with  the  roofing  paper.  For  this  reason  the  top 
surface  of  the  roof  plank  may  be  seeped  with  moisture 
regardless  of  whether  or  not  any  condensation  is  pres-| 
ent  on  the  under  surface. 

Again,  if  cracks  between  the  plank  are  so  wide  as 
to  allow  moderately  free  circulation  of  air,  condensa- 
tion often  accumulates  so  rapidly  as  to  run  down  the 
edges  of  the  plank  to  the  room  below,  manifesting  it- 
self in  a  line  of  drops  at  the  cracks  between  the  plank. 
As  decay  of  wood  is  a  direct  function  of  its  moisture 
content,  the  importance  of  the  foregoing  observations 
is  apparent.  That  is,  condensation  on  the  top  of  the 
plank  is  doubtless  the  direct  cause  for  so  much  trouble 
now  being  experienced  at  the  present  time  with  decay- 
ing wood  roofs. 

If  the  temperature  of  the  underside  of  the  roof 
plank  coincides  with  or  is  lower  than  the  dew  point 
corresponding  to  the  particular  humidity  and  tem- 
perature existing,  there  will  be  condensation  upon 
this  surface  and  also  throughout  the  thickness  of  the 
roof — that  is,  in  the  cracks  between  the  plank  up  to 
the  under  side  of  the  roofing  paper. 
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On  the  other  hand,  if  the  temperature  of  the  under- 
side of  the  roof  plank  is  above  the  dew  point  no  con- 
densation will  be  deposited  here,  but  it  may  occur 
from  the  underside  of  the  roofing  paper  down  to  a 
point  somewhere  within  the  interior  of  the  roof,  de- 
pending upon  the  heat  gradient  and  the  relative  hu- 
midity. Without  doubt  the  presence  of  this  moisture, 
due  to  the  second  cause — that  is,  within  the  roof — is 
a  most  active  agency  in  providing  the  proper  condi- 
tions for  the  development  and  rapid  spread  of  disease 
throughout  the  roof.  In  short,  the  prevention  of  con- 
densation on  the  under  side  of  the  roof  plank,  while 
eliminating  a  nuisance  in  manufacturing,  may  not 
appreciably  lessen  the  possibilities  in  the  roof  for 
decay. 

It  has  been  suggested  that  enough  protection  could 
be  added  in  the  form  of  more  wood  or  other  insulating 
material  to  the  top  of  a  roof  to  raise  the  temperature 
of  the  upper  side  of  the  plank  to  such  a  point  as  to 
prevent  all  condensation ;  and  then,  providing  that  data 
were  made  available  by  the  forest  pathologists  as  to 
the  limiting  conditions  of  relative  humidity  which 
various  kinds  of  wood  and  different  grades  of  the  same 
wood  can  resist  indefinitely  without  developing  fungi, 
this  information  could  be  used  in  selecting  the  roof 
plank. 

Invaluable  as  the  above  data  on  wood  would  be  for 
use  in  the  design  of  building  interiors,  such  as  beams, 
columns,  floors,  etc.,  these  experiments,  confirmed  by 
theory,  indicate  that  the  prevention  of  condensation 
on  the  top  side  of  roof  plank  is  impracticable  for  sev- 
eral reasons.  First,  the  insulation  would  necessarily 
be  so  complete  as  to  make  the  expense  unwarranted. 
Also,  if  plank  were  used  for  this  extra  insulation 
they  should  be  antiseptically  treated  against  rot, 
whereas  it  will  be  seen  below  that  a  fully  satisfactory 
result  will  be  attained  at  much  less  expense  by  the 
treatment  of  the  roof  plank  only.  Again,  even  if  con- 
densation within  the  area  in  question  was  prevented 
by  this  means,  there  would  still  be  no  certainty  that 
plank  selected  as  suitable  for  the  room  conditions 
would  not  rot,  for  the  reason  that  the  top  side  of  these 
roof  plank  would  be  several  degrees  lower  than  the 
room  temperature.  This  would  result,  of  course,  in  a 
higher  relative  humidity  than  that  existing  in  the  room 
below,  and  consequently  plank  which  might  be  suitable 
to  resist  decay  under  room  conditions  would  not  be 
so  resistant  under  the  actual  conditions. 

In  its  last  analysis,  then,  the  successful  solution  of 
the  problem  of  the  design  of  wood  roofs  resolves  itself 
into  two  requirements :  The  roof  should  be  made 
thick  enough,  according  to  the  accompanying  curves, 
to  prevent  the  occurrence  of  condensation  upon  its 
under  surface.  Secondly,  it  should  be  protected 
against  decay  by  proper  preservative  treatment. 


Contracts  were  let  last  week  by  the  Emergency 
Fleet  Corporation  for  the  construction  of  39  wooden 
hulls,  6  standard  8,800-ton  Robert  Dollar  type  steel 
ships,  and  3  steel  6,000-ton  cargo-carrying  steamers. 
The  contracts  were  distributed  among  12  shipbuild- 
ers. The  total  amount  represented  by  the  48  con- 
tracts is  $22,465,-320.  The  cost  of  the  wooden  hulls 
was  placed  at  $300,000  each,  the  8,800-ton  steamers 
at  $1,364,000  each,  and  the  three  cargo-carrying 
steamers  at  $908,440  each. 


Bids  are  now  being  asked  for  the  construction  of 
three  reinforced  concrete  bridges,  the  aggregate 
length  of  which  is  over  7,000  ft. 
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Methods  of  Constructing  Concrete 

Superstructures  for  Timber 

Piers 

Owing  to  the  increased  cost  of  timber  construction 
concrete  is  now  being  used  to  a  large  extent  in  repair- 
ing timber  piers  or  jetties  in  the  Milwaukee  District 
of  the  U.  S.  War  Department.  This  work  has  involved 
the  replacing  of  the  old  timber  superstructure  with 
concrete.  The  methods  employed  in  doing  this  are  de- 
scribed by  Mr.  J.  A.  B.  Tompkins,  District  Engineer, 
in  Professional  Memoirs,  from  which  the  matter  fol- 
lowing has  been  abstracted: 

Concrete  superstructures  are  cellular  in  type,  con- 
sisting of  two  parallel  walls  connected  at  intervals  of 
about  8  ft.  by  cross  walls  from  12  to  18  in.  thick, 
thereby  forming  open  pockets  or  "cells"  which  are 
filled  with  rubble  stone.  The  superstructure  is  built  in 
monolithic  sections,  24  or  25  ft.  in  length,  and  is  pro- 
vided with  a  continuous  walk  of  reinforced  concrete 
slabs,  supported  by  the  cross  walls. 

In  all  cases  where  an  old  pier  is  to  be  provided  with 
concrete  superstructure  of  this  type,  the  work  has 
been  done  by  hired  labor  and  use  of  Government  plant. 

The  work  of  building  cellular  superstructures  on  old 
piers  does  not  require  a  large  or  special  plant.  The 
plant  now  being  used  in  the  Milwaukee  District  for 
such  work  consists  of  a  floating  derrick  of  3  to  5  tons' 
capacity,  two  flat  scows,  and  a  small  gasoline  tug.  A 
steam-driven  concrete  mixer,  having  a  capacity  of 
about  two-thirds  of  a  yard  of  finished  concrete,  is 
placed  on  one  scow;  the  other  scow  is  used  for  carry- 
ing materials.  With  this  plant  and  a  crew  of  about 
15  to  20  men,  from  200  to  300  lin.  ft.  of  superstructure 
are  built  per  month,  including  the  cutting  down  of  the 
old  pier. 

Care  is  taken  to  hold  the  pile  walls  together  by  new 
wales  and  binders  secured  by  steel  tie  rods  as  the 
work  of  cutting  down  the  pier  progresses,  so  as  to 
prevent  the  pier  from  spreading.  By  exercising  care, 
there  is  no  difliculty  in  holding  the  pier  so  as  to  secure 
excellent  alignment  for  the  concrete  superstructure. 

Much  of  the  old  pile  pier  in  the  Milwaukee  District 
consists  of  two  parallel  rows  of  round  piles,  driven  in 
close  contact,  secured  by  wales,  binders  and  tie  rods, 
and  filled  with  stone.  The  stone  is  first  removed  from 
the  pier  to  the  required  depth.  The  piles  are  then 
sawed  off  as  close  to  the  water  surface  as  possible. 
After  securing  the  pier  with  new  wales,  binders  and 
tie  rods,  the  stone  filling  is  roughly  leveled  to  about 
the  tops  of  the  wales.  The  pile  heads,  projecting  about 
6  in.  above  the  wales,  are  then  capped  with  1  by  12  in. 
boards,  and  boxed  in  on  the  sides  with  ^/o  by  6  in. 
weather  boards,  so  as  to  prevent  concrete  from  leaking 
between  the  piles. 

The  forms  are  then  set  up  and  secured  in  position. 
The  form  for  a  section  consists  of  two  outside  pieces, 
two  core  boxes,  and  two  half  core  boxes.  The  general 
arrangement  of  the  forms  is  shown  in  Fig.  1. 

An  approved  form  of  core  box,  which  has  been  suc- 
cessfully used,  is  shown  by  Fig.  2.  This  box  is  so  made 
that  it  can  be  readily  withdrawn  from  the  hardened 
concrete.  It  is  built  usually  of  2-in.  plank  secured  to 
upright  studding,  and  in  four  parts,  being  joined  at 
the  middle  of  the  sides.  Notches  (not  shown  in  Fig.  2) 
are  cut  in  the  longer  sides  of  the  box  to  form  the 
recesses  in  the  cross  walls  for  the  slab  walk.  These 
notches  may  be  seen  in  Fig.  1. 

The  core  box  is  set  up  on  the  deck  of  a  scow  or  other 
convenient  place.    After  the  wedge  shaped  keys  "a" 
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and  the  struts  "d,"  resting  on  pins  "c"  are  placed  in 
position,  the  four  parts  or  corners  are  drawn  firmly 
together  against  the  shores  and  wedges  by  the  bolts 
"b."  The  box  is  then  placed  in  position  in  the  form  by 
means  of  a  derrick. 

To  remove  the  box  from  the  finished  concrete  the 
bolts  are  loosened,  after  which  the  shores  are  taken 
out,  and  the  wedge  keys  removed.  The  shores  are  then 
dropped  back  into  place  and  the  core  box  is  pulled 
away  from  the  concrete  by  tightening  the  bolts  until 
the  shores  prevent  further  movement.  The  box  is  then 
lifted  by  the  derrick  out  of  the  concrete,  as  an  assem- 
bled unit,  and  is  ready  for  re-setting. 

It  will  be  noted  that  the  side  walls  rest  on  the  round 
piles,  the  heads  of  which  are  imbedded  in  the  concrete. 


Fig.   1 — General   Ar 


ngement  of  Fo 


nee  South    Pier 


While  the  cross  walls  are  formed  on  the  stone  filling, 
no  reliance  is  placed  on  the  filling  as  a  support  for  the 
Superstructure.  The  cross  wall  is  designed  as  a  beam, 
supported  at  the  ends  by  the  side  walls,  which  in  turn 
are  carried  by  the  piles.  Each  section,  therefore,  is  a 
complete  unit  supported  by  the  walls  of  the  pier. 

The  cross  walls  are  reinforced  with  steel  bars,  the 
purpose  of  which  is  not  only  to  enable  the  walls  to  act 
as  beams,  but  also  to  serve  as  ties  between  the  side 
walls.  The  heads  of  the  piles  being  imbedded  in  the 
side  walls,  the  superstructure  holds  the  pier  walls 
together  independently  of  the  rods  passing  through  the 
wales  and  piles.  Should  a  section  of  valving  be  de- 
stroyed or  some  of  the  tie  rods  passing  through  same 
be  broken,  the  pile  walls  would  still  be  held  together 
by  the  concrete.  Short  reinfoi-cing  bars,  placed  at 
12-in.  intervals  at  the  toes  of  the  side  walls,  enable  the 
concrete  to  act  in  tension. 

The  concrete  slabs  are  molded  independently  in 
gang  molds,  and  are  reinforced  with  ^^-in.  square  steel 
bars.  The  slabs  are  of  a  length  to  span  a  single  open- 
ing between  cross  walls.  They  are  set  in  the  recesses 
formed  in  the  cross  walls  on  a  thin  mortar  bed,  the 
spaces  between  ends  of  slabs  being  filled  with  mortar. 

Before  placing  the  slabs,  the  superstructure  is  filled 
with  stone.  It  has  been  the  practice  recently  to  spread 
a  thin  layer  of  concrete,  about  6  in.  thick,  over  the  top 
of  the  stone  filling.  This  prevents  stones  from  being 
washed  out  by  wave  action,  and  also  discourages 
fishermen  and  others  from  removing  the  stone  for 
anchors  and  other  purposes,  a  practice  which  in  some 
instances  has  rather  seriously  depleted  the  stone 
filling. 

In   some  cases  the  pile  pier  consists  of  a  row  of 


close  round  piling  on  the  inner  or  channel  side,  and 
sheet  piling  with  round  piles  spaced  about  4  ft. 
centers  on  the  outer  or  lake  side.  The  general  method 
of  construction  is,  however,  practically  identical  with 
that  just  described,  the  sheet  piling  being  cut  down  to 
a  level  with  the  upper  surface  of  the  wales  and 
binders  and  the  piling  projecting  6  in.  above  same  and 
imbedded  in  the  concrete. 

The  total  cost  of  the  concrete  superstructures  de- 
scribed, including  the  cost  of  cutting  down  and  prepar- 
ing the  old  pier  for  reception  of  the  superstructure, 
has  been  from  about  $12  to  $15  per  linear  foot  of  pier, 
depending  upon  the  width  of  pier,  which  usually  varies 
from  14  ft.  to  18  ft.  center  to  center  of  parallel  rows 
of  round  piles. 

An  adaptation  of  the  form  of  superstructure  de- 
scribed has  been  used  for  original  pier  construction. 
In  this  case  the  sides  of  the  pier  are  alike,  consisting 
of  round  piles  spaced  4  ft.  centers,  with  9-in.  triple-lap 
sheeting;  12  by  12  in.  spreaders  are  used  between 
round  and  sheet  piles.  The  general  method  of  con- 
struction is  the  same  as  that  previously  described. 
All  work  constructed  according  to  this  design  has  been 
done  by  contract.  The  timber,  cement,  and  reinforcing 
steel  were  furnished  to  the  contractor  by  the  United 
States;  all  other  materials  were  furnished  by  the 
contractor.  Table  I  shows  the  approximate  cost  of 
building  100  lin.  ft.  of  this  style  of  pier  in  this  district 
by  contract,  including  the  cost  of  materials  furnished 
by  the  United  States. 
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Fig.  2 — Approved    Form   of  Core   Ec 


Concrete  superstructure  on  sheet-pile  revetments  is 
built  in  sections  about  10  ft.  in  length.  The  work 
presents  no  unusual  conditions  and  is  similar  to  that 
already  described.  Several  hundred  feet  of  this  style 
of  superstructure  have  been  built  at  Sturgeon  Bay 
Canal  at  a  cost  of  about  $3  per  linear  foot,  including 
the  cost  of  cutting  down  and  preparing  the  piling  for 
the  superstructure.  The  superstructure  has  proved 
entirely  satisfactory  after  6  or  7  years'  experience.  No 
repairs  to  the  concrete  have  been  necessary.  In  one 
instance  a  steamboat  ran  into  the  revetment,  forcing 
it  back  several  inches.  The  waling  was  somewhat  dam-; 
aged,  but  no  injury  was  done  to  the  concrete,  and  the 
revetment  sprang  back  into  place. 
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In  building  concrete  superstructure  on  crib  piers  a 
slightly  different  design  is  used.  The  cellular  type  is 
employed,  but  foundation  blocks  are  molded  on  the 
cribs  and  the  superstructure  is  then  built  on  these 
blocks.  The  crib  walls  are  cut  down  to  about  2  ft. 
below  datum  (mean  lake  level,  1860-1875).  Only  full 
courses  of  timber  are  removed,  however;  the  timber  is 
removed  to  that  course,  the  top  of  which  is  at  or  just 
below  the  prescribed  razee  plane. 

As  the  cribs  are  usually  either  50  ft.  or  100  ft.  in 
length,  superstructure  sections  are  molded  in  lengths 
of  25  ft.,  so  that  a  section  will  be  coterminous  with  the 
crib.  It  has  been  found  when  concrete  has  been  built 
on  two  cribs,  spanning  the  interval,  the  lateral  move- 
ment of  the  cribs,  due  to  wave  action,  ruptures  the 
concrete  at  the  interval. 

Foundation  blocks  are  molded  in  place,  in  lengths  of 
25  ft.  As  the  bottom  of  these  blocks  is  usually  below 
the  water  surface,  a  canvas  dam  is  used  to  check 
oscillation  of  the  water  in  the  form,  thereby  prevent- 
ing the  cement  from  being  washed  out  of  the  sub- 
merged concrete  while  being  deposited.  The  dam  con- 
sists of  a  piece  of  10-ounce  single-filled  duck,  8  ft. 
wide  and  28  ft.  long.  After  the  form  has  been  set  up, 
the  canvas  is  spread  over  the  timber  and  stone  on 
which  the  foundation  block  is  to  rest,  being  held  in 
place  under  water  by  stones.  The  edges  of  the  canvas 
are  then  secured  to  the  bottom  of  the  form,  using  lath 
battens  and  shingle  nails.  The  vertical  corners  of  the 
form  are  made  practically  water-tight  by  tacking  on 
battens,  triangular  in  cross  section,  with  strips  of 
canvas  behind  them. 

It  is  not  advisable  to  carry  the  canvas  dam  up  on  the 
sides  and  ends  of  the  form.  To  secure  good  concrete 
faces,  spading  against  the  form  is  required  and  at 
times  considerable  force  is  necessary.  This  spading 
would  tear  the  canvas  and  destroy  the  efficiency  of  the 
dam.  No  attempt  is  made  to  have  the  dam  absolutely 
water-tight  or  to  deposit  concrete  in  the  dry;  quiescent 
water  is  secured,  in  which  the  concrete  is  deposited. 
With  reasonable  care,  and  with  waves  not  exceeding 
6  in.  in  height,  very  satisfactory  results  can  be 
obtained. 

A  convenient  method  of  securing  the  outside  form  to 
the  side  of  the  crib  while  molding  foundation  blocks, 
is  to  nail  pieces  of  2  by  4  in.  timber,  each  about  12  or 
15  in.  in  length,  at  suitable  intervals  along  a  line  about 
6  in.  from  the  lower  edge  of  the  form,  making  steps 
which  rest  on  the  crib  wall.  The  old  drift-bolts  are  left 
projecting  above  the  timber  of  the  crib,  and  serve  not 
only  as  anchorage  for  the  concrete  blocks,  but  afford 
a  means  of  securing  ^-j-in.  bolts  provided  with  hooks  at 
one  end  placed  around  the  drift-bolts,  and  a  nut  at  the 
other  end.  These  bolts  project  horizontally  through 
the  side  form  which,  by  means  of  the  nuts,  is  then 
drawn  up  tightly  against  the  crib  wall.  Laths  are 
nailed  near  the  upper  edge  of  the  form  to  mark  the 
upper  surface  of  the  concrete,  which  is  roughly  fin- 
ished to  that  plane.  While  depositing  concrete  in  the 
form,  the  2  by  4  in.  steps  are  pried  off  with  a  spade, 
the  hook-bolts  being  sufficient  to  hold  the  form  firmly 


in  place.  After  the  form  is  removed,  the  hook-bolts  are 
readily  cut  off  flush  with  the  concrete  face  by  means  of 
a  hack-saw. 

A  similar  method  is  applicable  to  the  walls  of  the 
concrete  superstructure,  old  drift-bolts  being  im- 
bedded in  the  foundation  blocks  at  the  time  of  molding 
them.  This  method  of  drawing  up  the  form  is  prefer- 
able to  using  wire,  which  invaria'bly  stretches,  causing 
a  leaky  form. 

Naturally,  the  cost  of  superstructure  of  this  type  is 
more  expensive  than  that  described  for  pile  piers. 
By  hired  labor,  however,  it  has  been  built  on  cribs 
20  ft.  wide  for  about  $18  per  linear  foot  of  pier,  in- 
cluding cost  of  cutting  down  and  preparing  the  cribs. 

In  some  cases  it  has  been  desirable  to  build  crib 
substructures  provided  with  concrete  superstructures, 
as  original  work.  The  crib  is  of  ordinary  construction, 
but  carried  to  such  height  that  when  sunk  on  its 
foundation  the  timber  will  be  wholly  below  water. 
While  the  crib  is  afloat  at  the  construction  dock,  con- 
crete foundation  blocks  are  molded  in  place.  These 
blocks  are  made  of  such  height  as  will  insure  their 
upper  surfaces  being  well  above  water  when  the  crib 
is  sunk  in  position.  On  these  foundation  blocks, 
cellular  concrete  superstructure  is  then  built  in  a 
manner  similar  to  that  previously  described. 

Unless  the  height  of  the  crib  is  very  considerable, 
the  foundation  blocks  will  cause  the  crib  to  sink  unless 
further  buoyancy  is  supplied.  This  is  readily  done, 
however,  by  placing  water-tight  boxes,  open  at  the  top, 
in  the  pockets  of  the  crib. 

Each  box  is  provided  with  four  2-in.  holes  in  the 
bottom,  which  are  stopped  by  long-handled  plugs 
reaching  to  the  top  of  the  box.  The  crib  is  sunk  in 
position  by  admitting  water  into  the  boxes  through 
these  holes.  When  the  boxes  are  full  of  water  the  crib 
usually  rests  securely  on  the  foundation;  but  in  case 
it  does  not,  sufficient  stone  ballast  is  placed  on  the 
concrete  blocks  to  anchor  it  firmly  on  the  foundation 
before  filling  the  pockets  with  stone.  After  the  crib 
rests  firmly  on  the  foundation  the  boxes  are  released 
and  lifted  out  by  a  derrick,  the  water  running  out 
through  the  holes  in  the  bottom  as  the  box  is  slowly 
raised.  As  soon  as  the  boxes  have  been  removed,  filling 
the  crib  with  stone  is  commenced. 

The  following  tabulation  shows  the  size,  number  of 
boxes,  etc.,  which  have  been  used  in  actual  construc- 
tion: 

Displace- 
ment Draft 
per    No.  of    of  ' 

, Size  of  one  box ^    box.   boxes  crib. 

Size  of  crib.  Length.  Width.  Height.  Tons.  used.     Ft. 

inO'X24'X14i/i' 6'  8"         6'  5"         6'  6"         5.5  5         13 

]00'X24'X12H' fi'  S"         6'  5"         6'  6"         5.5  7         11. 

100'X20'XlO»/4' 6'  8"         5'  3"         C  6"         4.5         12  9 

100'X20'X   8M;' 6'  8"         5'  3"         6'  6"         4.5  14  7 

The  cost  of  one  crib,  100  ft.  by  24  ft.  by  14^4  ft., 
complete  with  superstructure,  but  exclusive  of  founda- 
tion and  riprap,  at  contract  prices  prevailing  in  this 
district,  is  about  $7,850. 

This  method  of  construction  has  proved  very  satis- 
factory. About  1,700  lin.  ft.  have  been  built,  of  which 
400  lin.  ft.  was  provided  with  solid  instead  of  cellular 
superstructure. 


TABLE    1— .VPPEOXEVIATE   COST   PER  100   LIN.   FT.   OF    PILE   PIER    WITH    CONCRETE    SUPERSTRUCTURE. 

17-ft.  pier— 16-ft.  14-ft.  pier— 12-ft.  11-ft.  pier— S-ft. 

water.  water.  water. 

Materials.                                                                                                           -Unit  cost.  Quantities.      Cost.  Quantities.      Cost.  Quantities.      Cost. 

Round   piles,   lin.    ft $0.37           1.450         %    536.50  1,250         $    462.50  1.050         $    388.50 

Sheet  piles,   ft.   b.   ni 44.00         39,600           1,742.40  32,400           1,425'.60  25.200           1,108.80 

Timber,  ft.   b.   m 47.50         10,633              505.07  10,633              505.07  8.033              381.5,7 

Bolts,   spiives,    etc..   lbs .05           3,761              188.05  3,412              170. CO  3,064              153.20 

Concrete   superstructure,   cu.   yds 10.50                98           1,029.00  93              976.50  87              913.50 

Concrete  slabs,   cu.   yds 12  00                12              144.00  6                72.00  6                72.00 

Reinforcing    bars,    lbs .02           3.249                64.98  2,303                46.06  2,003                40,06 

Stone — miing   and   riprap,   tors 1.60           2,000           3,200.00  1,100           1,760.00  425-             680.00 

Cost  of  100  lin.  ft.  of  pier $6,904.93  $5,418.33  $3,737.63 
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Condition  of  the   Steel  Work  in 
Building  After  1\  Years'  Life 

Interesting  notes  on  the  condition  of  steel  work  in 
a  building  demolished  after  a  life  of  only  7  or  8  years 
are  given  in  the  last  annual  report  of  the  Bureau  of 
Buildings  of  New  York  City.  The  information  relates 
to  the  Hoffman  House  and  Albemarle  Hotel,  which 
were  removed  to  make  place  for  a  high  commercial 
building. 

The  old  building  was  located  on  the  northwesterly 
corner  of  Broadway  and  24th  St.,  New  York  City,  and 
consisted  of  a  7-story  and  cellar  non-fireproof  struc- 
ture. Adjoining  and  surrounding  the  same  was  a  12- 
story  fireproof  building  used  in  connection  with  the 
hotel.  This  latter  structure  occupied  an  L-shaped  lot 
with  frontage  on  both  Broadway  and  W.  24th  St. 
Records  in  the  Bureau  show  construction  was  com- 
menced October,  1906,  and  completed  in  December, 
1907.  In  July,  1915,  a  permit  was  issued  for  the 
demolition  of  the  building,  making  in  all  7^2  years 
as  the  extreme  age  of  the  structure. 

The  walls  were  of  the  skeleton  type,  12  in.  thick 
for  the  uppermost  75  ft.  of  height  and  thence  in- 
creased 4  in.  in  thickness  for  each  lower  60  ft.  or  frac- 
tion thereof.  For  floors,  9  and  10-in.  terra  cotta  flat 
arches  sprung  between  steel  beams  were  used,  with 
the  usual  2-in.  cinder  fill  between  the  sleepers  and 
a  double  wood  flooring.  The  partition  walls  through- 
out the  building  were  of  terra  cotta  blocks  plastered 
on  both  sides.  All  interior  columns  were  encased  in 
2-in.  terra  cotta  block  while  the  customary  4  and  8- 
in.  of  brickwork  was  used  for  exterior  and  wall  col- 
umns. 

The  foundation  consisted  of  concrete  piers  in  open 
caissons  carried  down  to  rock  at  a  depth  of  about  37 
ft.  below  curb.  It  appears  that  during  the  construc- 
tion of  the  foundation,  considerable  ground  water 
was  encountered,  necessitating  the  use  of  steel  sheet 
piling.  A  great  deal  of  this  sheeting  was  uncovered, 
especially  where  it  interfered  with  the  new  work.  The 
sheeting  for  the  most  part  was  intact  and  showed 
very  little  corrosion.  In  fact  in  many  places  the 
smooth,  even  surface  of  the  black  iron  was  plainly 
visible.  Whether  the  absence  of  rust  was  due  to  the 
comparatively  short  period  that  the  sheeting  was  in 
place  (a  little  over  7  years)  or  whether  it  was  due 
to  the  drawing  away  of  the  ground  water  by  the  new 
subway  construction,  is  hard  to  say.  Evidently  both 
contributed  toward  the  preservation  of  the  metal. 

Along  the  northerly  wall  a  number  of  timber  piles 
were  uncovered.     Their  age  is  unknown,  but  the  ac- 
tion of  rot  due  to  the  absence  of  water  was  remark- 
-   ably  illustrated.    On  some  of  the  piles  the  entire  mass 
had  rotted  away  except  the  heart  wood. 

At  the  time  of  the  erection  of  the  12-story  building, 
it  was  found  necessary  to  underpin  the  west  wall  of 
the  old  Hoffman  House.  This  was  done  with  steel 
cylinders  driven  in  5-ft.  lengths  to  rock  and  filled 
with  concrete.  These  piles,  however,  showed  prac- 
tically no  rust. 

Throughout  the  entire  structure  the  absence  of  any 
cases  of  severe  rusting  of  the  steel  work  was  appar- 
ent. The  steel  appeared  to  have  been  given  originally 
two  coats  of  paint,  and  in  most  cases  the  coating  was 
intact  without  the  slighest  sign  of  corrosion.  Prac- 
tically the  only  places  where  rusting  did  take  place 
was  the  outer  face  of  the  exterior  columns  in  the 
easterly  court  wall.  This  wall  was  exposed  for  almost 
its  entire  height  to  weathering  conditions.  In  all 
probability,  the  8  in.  of  brick  encasing  the  outer  face 


of  the  column  would  have  been  sufficient  to  protect 
the  steel  fi-om  moisture  but  for  the  fact  that  the  out- 
side 4  in.  of  the  wall  was  face  brick.  The  unfilled 
space  between  the  face  brick  and  the  backing  appears 
to  have  aided  the  collection  of  moisture  and  also  to 
have  retained  it.  At  and  near  connection,  the  condi- 
tions were  worst,  but  in  no  case  sufficient  to  impair 
the  strength  of  the  metal. 

At  the  outer  faces  of  a  wall  column  on  the  Broad- 
way front  on  the  seventh  fioor,  rust  formation  could 
be  readily  noticed  on  the  outer  channel  and  plate. 
These  sides  were  protected  from  the  weather  by  brick- 
work and  ashar  facing,  but  apparently  water  was  able 
to  percolate  through  the  joints  and  attack  the  steel. 
The  coating  of  paint  had  already  peeled  off  in  some 
places,  but  the  corrosion  had  not  progressed  to  a  point 
where  the  strength  of  the  steel  might  be  considered 
impaired.  The  fact  that  these  columns  had  already 
begun  to  show  signs  of  rust  at  the  age  of  only  7  years 
would  tend  to  prove  that  more  protection  is  necessary 
for  wall  columns  than  the  customary  coating  of  paint. 

The  inner  faces  of  wall  columns  were  all  in  very 
good  condition  and  did  not  show  signs  of  corrosion. 

The  faces  of  inner  columns  were  smooth  and  even, 
with  not  the  slightest  sign  of  rust  on  their  surfaces. 
The  coating  of  paint  was  unscarred. 

In  the  case  of  steel  sheet  piling  where  the  metal 
came  in  contact  with  the  soil,  corrosion  could  be  read- 
ily noticed,  but  not  to  an  extent  sufficient  to  impair 
the  strength  of  the  steel. 

The  examination  indicated  that  the  exterior  v.all 
girders  and  the  outside  faces  of  the  wall  columns 
seem  to  be  the  vulnerable  points  for  corrosion  in  the 
steel  work  of  skeleton  buildings. 


Saw  Tooth  Roof  Construction 

A  building,  adding  nearly  3  acres  of  floor  space  to 
the  plant  of  Colt's  Patent  Firearms  Co.,  was  com- 
pleted a  few  days  ago  by  the  Aberthaw  Construction 
Co.  of  Boston,  Mass. 

The  building  is  a  1-story  structure,  covered  by  a 
sawtooth  roof.  The  bay  spacings  are  about  21  ft.  each 
way.  The  sawtooth  roof  runs  lengthwise  of  the  build- 
ing so  that  the  glass  area  is  exposed  to  a  northerly 
light.  The  sa\vtooth  framing  is  structural  steel  sup- 
ported on  round  steel  columns,  there  being  some  260 


Roof   Construction   for   New    Fcctory    Building    of  Colt's   Arms   Co. 

tons  of  structural  steel  used.  Outside  columns  and 
the  floor,  which  are  of  reinforced  concrete,  called  for 
350  tons  of  reinforcing  steel.  Heavy  reinforcement 
was  necessary  in  the  floor  on  account  of  bad  ground 
conditions.  Over  220,000  brick  and  10,000  sq.  ft.  of 
Fenestra  steel  sash  were  used  for  the  outside  walls. 
Van  Noorden  metal  windows  were  used  in  the  saw- 
tooth roof. 
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Effect  of  Sand  Grading  on  Strength 
of  Concrete 

A  series  of  tests  was  conducted  in  1916  by  the  De- 
partment of  Works  of  Toronto,  Ont.,  to  secure  infor- 
mation relating  to  the  effects  of  grading  of  sands  and 
consistency  of  mix  upon  the  strength  of  concrete.  The 
investigation  was  made  under  the  supervision  of  Mr. 
L.  N.  Edwards,  who  outlined  the  results  obtained  in  a 
paper  presented  at  the  last  annual  meeting  of  the 
American  Society  for  Testing  Materials.  His  conclu- 
sions based  on  the  results  and  the  phenomena  ob- 
served were  as  follows : 

The  commonly  practiced  "visual  examination"  test 
of  sand  aggregate  for  concrete  is  generally  unreliable, 
since  it  gives  at  best  only  a  superficial  knowledge  of 
the  cleanliness  of  a  given  sand.  Its  adaptation  to  the 
determination  of  grading  could  be  of  value  to  the  ob- 
server only  after  long  experience  in  the  granulometric 
analysis  of  sands. 

The  generally  accepted  practice  of  proportioning  a 
concrete  mix  by  volume,  as,  for  example,  1  part  ce- 
ment, 2  parts  sand  and  4  parts  broken  stone,  is  im- 
practicable and  unscientific,  since  it  does  not  take 
into  account  the  adaptability  of  the  grading  of  a  given 
sand  to  the  production  of  a  dense,  strong,  and  reliable 
concrete.  Proportioning  by  volume,  as  commonly 
used,  gives  no  guarantee  of  the  production  of  a  con- 
crete having  a  desired  strength,  hardness,  or  other 
physical  properties. 

The  strength,  toughness,  and  durability  of  the  con- 
crete to  be  secured  from  the  use  of  a  given  sand  can 
be  determined  only  by  an  actual  test  of  that  sand  in 
a  properly  prepared  concrete. 

In  field  operations  incident  to  spading,  slicing,  or 
otherwise  compacting  the  concrete,  the  movement  of 
the  water  content  of  the  mass  is  intensified,  when- 
ever the  sand  aggregate  contains  insuflScient  fine  ma- 
terial to  hold  the  cement  in  suspension  by  the  forma- 
tion of  an  adequate  amount  of  sandy  paste.  The  free 
movement  of  the  water  tends  to  produce  an  improper 
distribution  of  the  cement. 

The  use  of  a  quantity  of  water  sufficient  to  produce 
a  concrete,  the  mortar  component  of  which  is  of  a  sat- 
urated, sticky,  semi-plastic  consistency,  is  for  most 
practical  purposes  required,  in  order  to  facilitate  eco- 
nomical and  eflicient  placing.  This  quantity  of  water  is 
ample  for  the  development  of  the  proper  functions  of 
the  cement.  An  increase  in  the  quantity  of  water 
used  results  in  a  proportionate  decrease  in  the 
strength  of  the  concrete.  This  decrease  is  in  no  sense 
a  function  of  the  proportions  of  the  mix. 

The  excess  water  in  an  over-saturated  concrete 
necessarily  occupies  space  and  thereby  bulks-up  the 
mass.  By  re&son  of  its  high  surface  tension,  it  forms 
water  globules  which,  although  somewhat  affected  by 
the  weight  of  the  concrete,  are  nevertheless  dis- 
tributed throughout  the  mortar  component  and  are 
accumulated  underneath  the  particles  of  the  sand 
and  stone  aggregates  and  the  reinforcing  steel.  By 
evaporation,  this  excess  water  ultimately  disappears, 
leaving  a  considerable  volume  of  water  voids  and 
cavities  which  constitute  an  extremely  important  fac- 
tor in  the  strength  and  reliability  of  the  concrete. 

The  critical  failure  of  reinforced  concrete  depends 
upon  the  intensity  of  the  bond  existing  between  the 
concrete  and  the  steel  reinforcement.  Concrete  con- 
taining an  excess  of  water  not  only  develops  less  sur- 
face contact  with  the  steel  on  account  of  the  result- 


ing increase  in  the  volume  of  water  voids  and  cavi- 
ties; but,  in  addition,  the  excessive  laitance  produced 
by  the  water  tends  to  accumulate  around  the  rein- 
forcement, thus  contributing  materially  to  a  decrease 
in  strength.  This  condition  becomes  further  aggra- 
vated by  reason  of  the  tendency  of  the  laitance  to  be- 
come less  resistant  with  age. 

For  the  various  grades  of  concrete,  the  minimum 
ultimate  strengths  assumed  in  the  modern  practice  of 
plain  and  reinforced-concrete  design  are  not  assured 
by  the  commonly  specified  requirements  for  sand  and 
stone  aggregates,  and  by  the  present  lack  of  uniform- 
ity and  of  efficiency  in  field  methods  and  operations. 

The  results  obtained  show  no  definite  relation  be- 
tween the  compressive  strengths  of  1 :3  mortar  cubes, 
and  the  compressive  strengths  of  the  concretes  pro- 
duced from  the  same  sands. 


How  a  Big  Construction  Company  Keeps 
Its  Building  Material  in  Order 

Those  contractors  who  have  carefully  studied  all 
the  details  of  their  business  realize  the  convenience 
as  well  as  the  economy  of  very  carefully  planning  in 
advance  with  regard  to  the  delivery  of  material  on  the 
site.  Among  those  who  have  given  special  atten- 
tion to  this  subject  as  displayed  in  numerous  cases 
is  the  Aberthaw  Construction  Co.  of  Boston. 

In  advance  of  beginning  work  a  plan  is  made  in 
which  consideration  is  given  to  the  track  or  road 
facilities,  proximity  of  material  to  the  building,  means 
of  handling  from  one  point  to  the  other,  and  hoist- 
ing to  position,  as  well  as  the  relation  to  the  wood- 
working plant. 


Layout  of  Form   Lumber  for  Construction  Job. 

In  the  case  of  form  lumber,  for  instance,  lumber 
of  a  stated  size  is  kept  together — in  fact,  so  far  as 
possible  it  is  ordered  of  the  exact  length  required 
for  the  given  form.  Likewise,  storage  facilities  are 
established  for  brick,  stone,  sand,  cement,  etc. 

The  accompanying  illustration  shows  such  a  layout, 
the  lumber  carefully  piled.  In  the  foreground  is  the 
routing  office.  Showing  above  this  office  and  in  the 
background  is  the  sawmill,  while  in  the  left  fore- 
ground are  the  engineer's  and  foremen's  offices,  the 
tool  room,  etc. 

As  lumber  arrives  on  the  job  it  is  piled  in  the  most 
convenient  position  for  carrying  to  the  sawmill.  From 
the  mill  it  passes  forward  to  the  place  where  it  is  to 
be  used. 
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A  Building  Every  46  Minutes  the 

Construction    Record   at  the 

Fort  Sheridan  Cantonment 

A  notable  record  was  made  in  the  building  of 
the  wooden  cantonment  at  Fort  Sheridan,  111.,  for  the 
reserve  officers'  training  camp.  The  project  involved 
the  construction  of  80  structures.  Work  was  actually 
started  on  the  morning  of  May  1  and  the  buildings 
were  ready  for  occupancy  and  the  sanitary  system  in 
operation  on  the  evening  of  May  10. 

Twenty-one  companies,  each  of  about  160  men,  were 
quartered  in  the  cantonment.  The  quarters  for  each 
company  consisted  of  four  buildings  placed  end  to  end 
with  a  20-ft.  space  between  each.  Two  of  these  struc- 
tures were  the  barracks,  each  containing  cots  for  80 
men.  The  other  buildings  in  the  group  were  the  mess 
hall,  with  kitchen,  and  the  lavatory. 

The  job  consisted  of  the  construction  of  42  barracks 
20x126  ft.  each;  21  mess  halls  and  kitchens  20x112  ft. 
each,  equipped  with  tables  and  benches;  21  lavatory 
buildings  16x63  ft.  each,  equipped  with  toilets,  shower 
baths,  etc.;  1  postal  exchange  building  20x30  ft.,  and  1 
telephone  exchange  building  20x33  ft.  The  undertak- 
ing also  included  the  laying  of  3,400  ft.  of  sewer  at 
an  average  cut  of  5  ft.,  the  installing  of  approximately 
4,500  ft.  of  water  main,  3,800  ft.  of  water  laterals,  and 
the  necessary  plumbing,  and  the  installation  of  elec- 
tric lights. 

The  sewers  were  connected  to  the  existing  sewer 
system  of  Fort  Sheridan,  and  the  water  supply  was 
obtained  from  the  regular  supply  at  the  post.  The 
trenches  for  the  sewer  and  water  lines  were  dug  by 
two  trenching  machines — a  Dalton  and  an  Austin. 
Universal  pipe  was  used  for  the  water  mains. 

The  site  of  the  cantonment  is  an  open  field  sloping 
at  about  3  per  cent  grade  to  the  north  and  east.  The 
soil  consisted  of  3  ft.  of  brown  loam  underlaid  with 
stiff  clay.  The  weather  at  the  time  of  construction 
was  cold,  but  for  the  most  of  the  time  was  clear. 

The  construction  of  the  buildings  was  done  by  con- 
tract, as  also  was  the  plumbing.  When  the  job  was 
figured  the  contractor  had  his  estimating  department 
take  off  exact  details  as  to  the  lumber  list,  mill  list, 
requirements  for  roofing,  and  requirements  for  con- 
crete construction.  This  took  two  men  four  hours,  but 
it  would  save  a  duplication  of  work  and  that  amount 
of  time  after  the  contract  was  awarded.  Preliminary 
arrangements  had  been  made  for  the  purchase  of  this 
material,  and  within  one  hour  after  the  contract  was 
awarded  the  contractor  had  bought  95  per  cent  of  the 
material  required.  This  meant  60  cars  of  lumber,  30 
cars  of  sand  and  gravel,  4  cars  of  cement,  300  specially 
constructed  ventilators,  600  doors,  1,200  windows  and 
2,500  squares  of  roofing. 

The  construction  contract  was  let  on  Saturday  even- 
ing, April  28,  and  about  noon  of  the  next  day  the  order 
for  1,400,000  ft.  of  di-essed  lumber  had  been  placed. 
During  the  afternoon  5  motor  truck  loads  of  lumber 
were  dispatched  to  Fort  Sheridan  to  provide  quarters 
for  the  working  forces  engaged  on  the  job.  The  next 
day  the  entire  1,400,000  ft.  of  lumber  was  shipped. 
Thirty  teams  and  5  motor  trucks  transported  the  ma- 
terial from  the  team  track  about  1  mile  to  the  site  as 
required. 

The  necessary  rearrangement  of  the  contractor's 
organization  was  made  the  afternoon  of  the  award  of 
the  contract,  and  the  following  morning  he  had  at  Fort 
Sheridan  three  motor  trucks  with  equipment,  five 
motor  trucks  with  foundation  timbers,  four  superin- 


tendents for  the  different  branches  of  the  work  to  be 
done,  and  22  foremen.  All  this  was  accomplished 
without  employing  new  men  in  the  organization. 

One  thousand  feet  of  industrial  track  and  two  power 
saws  were  immediately  laid  out  ready  for  use.  Corner 
stakes  were  set,  grades  taken,  and  all  preparations 
made  for  commencing  construction  the  second  morn- 
ing. From  300  to  500  mechanics  were  thereafter  em- 
ployed, and  the  necessary  common  labor  for  distribut- 
ing the  material  from  the  saws  to  the  required  places 
by  means  of  wagons  and  the  industrial  railroad.  On 
account  of  the  deep  mud  the  industrial  railroad  was 
an  absolute  necessity  at  the  start,  although  while  the 
work  was  going  on  the  weather  was  dry,  though  windy 


Top    View— Military   Training    Camp,    Fort   Siieridan,    III.,    on    May 

14.    1917.      Middle   View — IVIess    Hall.      Bottom   View — 

Sleeping    Quarters. 

and  cold.  With  the  job  organized  in  this  way  it  was 
possible  to  complete  a  building  at  an  average  time  of 
46  minutes. 

Approximately  750  men  were  employed,  working 
one  shift  per  day.  The  Sumner  Sollitt  Co.  of  Chicago 
was  the  general  contractor  for  the  buildings.  Stein 
Bros.  Co.,  Chicago,  was  the  contractor  for  the  plumb- 
ing. 

Josiah  L.  Rice,  superintendent  of  construction  at 
Fort  Sheridan,  had  general  supervision  of  the  work. 
He  was  assisted  by  men  from  Company  B,  First  Ohio 
Engineers,  N.  G.,  under  the  general  supervision  of 
Capt.  Frederick  P.  Troyan. 
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Plan 
Floor    Plan    Side    Elevation    and    End    Elevation    of    Barrack 
BILL,  OF  MATEFdAL  FOR  12(1-FT.    BARHACK. 


in. 


G   in.  14  ft. 

6   in.  10  ft. 

4  in.  14  ft. 

4  in.  14  ft. 

4  in.  8  ft. 

4   in.  14  ft. 

4   in.  10  ft. 

12   in.  8  ft. 

12  in.  12  ft. 

12  in.  14  ft. 

C  in.  14  ft. 


S  ft. 
10  ft. 
14  ft. 


Lumber. 

Description.                     Pieces.  B.M. 

Foundation   posts    

Sills,     girders,     plates 144  2, QIC 

Joists,  plates  (ends  only) 380  3,800 

Rafters    296  2,628 

Studs  (ends,  high  partitions).  6  34 
Sti'ds    (sides   and   jambs)....  Ill  542 
Girts    (sides   and   long   parti- 
tions)       39  349 

Girts  (ends,  cross  partitions)  21  140 

Boards    (sides)    546  4. 368 

Boards  (ends,  high  partitions)  22  984 

Boards  (ends,  high  partitions)  18  252 
Boards     (ridge,     tie     beams, 

window   sills)    138  966 

Bj.ttens   (sides,   etc.) 596  1,192 

Battens  (ends  ahd  partitions)  50  140 

Battens   (ends  and  partitions)  108  392 
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Vi    in.   X   \y«    in 

'■'s.    in.    X    3    in. 

1  in.   X   8   in. 

2  in.   X    6   in. 
1    in.    X    2   in. 


Stop    boards    (for    doors    and 

windows)    146  2P2 

T.  &  G.  flooring C.04S 

Ship  lap  for  roof 8,470 

F'ootings    456  458 

To  attach  netting 84 


Miscellaneous    Items. 
Description. 

7-in.    fire   clay   around   flue 

i'-in.   G.    I.   smoke   pipe 

1  lb.   No.   4  B.   &  S.  gage  wire  for  each  flue,  lb. 

fi  light  10  in.   X   16  in.   single  sash,  glazed 

3-in.   hook  eye   for   each   sa.^h 

2  ft.    8   in.   X   6  ft.    8  in.   1%-in.   4-panel  doors... 

6-in.    T-hinge    

4H   X  3^    rim   lock   knobs 

16d  nails  (framing),  lb 

6d  nails   (floor,  boarding  and  roof),  lb 

3d  nails    (battens,   stop  beads),   lb 

Roofing  paper,    rolls 

Xo.   14   mesh  heavy  screen  wire 
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BILL    OF   MATEHL^L  FOR    112-FT.    MESS   HALL. 


Length.  Description. 

14   ft.  Sills,    girders,    plates 

10  ft.  Joists,   plates   (ends   only). 

14  ft.  Rafters    

14   ft.  Studs  (ends,  partitions).... 

8  ft.  Studs    (sides,    jambs) 

14   ft.  Girts    (sides,    partitions)... 

10   ft.  Gilts   (ends,  partitions) 

8  ft.  Boards    (sides,    partitions). 

12   ft.  Boards   (ends,  partitions).. 

14  ft.  Boards  (ends,  partitions) . . 


Pieces.  B.M. 

64  896 

70  1,700 

30  1,170 


1   in.   X   C   in. 

1    in.  X   3  in. 

1   in.   X   3   in. 
i   in.   X   3  in. 

r'.    in.   X  IMi   in 


2   in.   X   10   in. 
1   ill.   X   12   in. 


8  ft. 

10  It. 

14  ft. 

12  ft. 


10  ft. 

12  ft. 

14  ft. 

14  ft. 
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Boards  (ridge,  tie  beams, 
window  sill.3)    

Battens  (sides,  ends,  parti- 
tions)      

Battens    (ends,   partitions) . . . 

Battens   (ends,   partitions)... 

Stop  beads  (for  doors  and 
windows)    

T.  &  G.  flooring 

Bents  and  braces  (for  tables) 

Legs  and  braces   (for  tables) 

Seats    (for    tables) 

Tops   (for  tables) 

Ship  laps  

For  attaching   screens 

Ease  plates  


504 

3,760 

240 

144 
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Application  of  Magnetic  Analysis 
to  Study  of  Steel  Products* 

It  is  well  known  that  two  pieces  of  steel  which  differ 
in  any  one  of  a  number  of  particulars  show  corre- 
spondingly different  mechanical  properties.  It  is  well 
supported  by  experimental  evidence,  but  not  so  gen- 
erally known,  that  two  pieces  of  steel  which  differ  in 
certain  particulars,  likewise  show  corresponding  mag- 
netic differences. 

The  changes  that  are  brought  about  by  adding  cer- 
tain chemical  constituents  to  steel  are  well  known. 
In  many  cases  the  corresponding  magnetic  properties 
have  been  studied.  With  increasing  carbon  content 
in  a  hypo-eutectoid  steel  there  is  an  increase  in  hard- 
ness and  tensile  strength  and  a  decrease  in  toughness. 
Magnetically  an  increase  in  carbon  content  is  accom- 
panied by  an  increase  in  coercive  force  and  hysteresis, 
and  a  decrease  in  permeability.  Many  other  cases 
might  be  cited.  , 

Mechanical  operations  also  bring  about  correspond- 
ing changes  in  both  the  mechanical  and  the  magnetic 
properties  of  steel.  The  cold  drawing  of  a  carbon 
steel  increases  its  tensile  strength  and  simultaneously 
increases  its  coercive  force  and  hysteresis.  Cold  draw- 
ing also  decreases  the  magnetic  permeability. 

The  influence  of  heat  treatment  upon  the  properties 
of  steel  is  fairly  well  known.  A  1  per  cent  carbon  steel 
quenched  in  water  from  a  temperature  above  its 
critical  point  has  a  greater  tensile  strength  than  the 
same  material  in  the  annealed  condition.  Its  hardness 
is  also  increased  while  its  toughness  is  greatly  de- 
creased. Magneticall.v,  changes  of  equal  magnitude 
also  occur  on  quenching.  The  quenched  steel  has  a 
greater  coercive  force,  a  greater  hysteresis,  and  a 
lower  permeability. 

In  a  specific  case  a  1  per  cent  carbon  steel  in  the 
quenched  and  the  annealed  conditions  had  Brinell 
hardness  numerals,  in  terms  of  kilograms  per  0.1  mm. 
indention  of  4390  and  800  respectively.  The  corre- 
sponding values  of  the  coercive  forces  for  a  magnetiz- 
ing force  of  150  gausses  were  33  and  12. 

Steel  changes  with  lapse  of  time.  The  course  of  this 
change  is  not  so  well  known  as  some  of  the  above 
changes.  However,  both  mechanical  and  magnetic 
changes  occur.  Glass-hard  steel  softens  with  age.  The 
same  steel  shows  a  decrease  in  coercive  force. 

The  mechanical  properties  of  a  bar  of  steel  may 
differ  from  point  to  point  if  the  bar  has  not  received 
the  same  treatment  throughout.  For  instance,  if  a 
uniform  bar  is  given  a  slight  bend  and  again  straight- 
ened it  will  show  a  slight  change  in  its  mechanical 
properties.  There  will  be'  an  increase  in  both  hard- 
ness and  tensile  strength.  The  same  bar  will  show  a 
corresponding  decrease  in  permeability  in  the  same 
region. 

Even  during  the  operation  of  stressing  a  bar  we  feel 
sure  that  changes  in  the  mechanical  nature  are  oc- 
curring. Less  is  knovra  about  this  phase  of  the 
problem  than  the  preceding.  However,  we  do  know 
that  small  alternating  stresses,  even  though  well 
within  the  elastic  limit,  leave  the  material  mechan- 
ically fatigued  and  if  the  stresses  are  repeated  often 
enough  rupture  occurs.  While  it  is  difficult  to  study 
the  changes  in  mechanical  properties  after  repeated 
or  alternating  stresses,  the  magnetic  problem  is  quite 
simple  and  has  been  investigated  to  some  extent. 

Magnetic  analysis  may  be  applied  to  determine  the 
nature  of  the  steel  as  a  raw  material,  as  a  finished 

♦From  a  paper  bv  Charles  W.  Burrows  presented  at  the  last 
annual  meeting  of  the  American  Society  ot  Testing  Materials 


product,  or  even  after  it  has  been  subjected  to  service 
conditions. 

It  is  obvious  that  one  cannot  get  a  good  product 
from  inferior  materials.  Consequently  it  is  desirable 
to  know  the  nature  of  the  raw  stock  that  enters  into 
the  construction  of  the  finished  product.  In  this 
classification  of  raw  material  and  finished  product,  it 
must  be  recognized  that  what  is  raw  material  from 
one  point  of  view  is  the  finished  product  from  another. 
The  rod  is  a  finished  product  as  viewed  from  the 
standpoint  of  the  rod  mill.  The  manufacturer  of  ball 
bearings,  however,  looks  upon  the  rod  as  a  raw 
material. 

Raw  material  must  be  uniform  in  quality.  The 
proper  mechanical  and  thermal  treatment  must  be 
determined  for  each  steel  that  is  used.  It  very  fre- 
quently happens  that  two  steels  of  quite  different 
composition  may  give  equally  good  performance  for  a 
particular  service  provided  each  steel  is  given  the 
appropriate  heat  treatment.  In  general  the  heat  treat- 
ments required  for  the  two  steels  will  be  different. 
Consequently  if  the  heat  treatment  appropriate  to  the 
second  steel  is  given  to  the  first,  disastrous  results 
may  be  expected.  It  is  desirable,  therefore,  that  all 
the  different  bars  of  a  given  lot  of  material  shall  be 
of  the  same  quality  as  the  material  for  which  the 
proper  heat  treatment  was  determined.  Such  assur- 
ance requires  the  examination  of  every  individual  bar 
of  steel. 

The  requirements  that  all  bars  shall  be  alike  in 
properties,  imnlies  that  each  bar  shall  have  the  proper 
composition,  shall  be  properly  forged,  rolled  or  drawn. 
as  the  case  may  be,  and  shall  be  free  from  local  imper- 
fections such  as  blowholes,  segregation,  etc. 

Occasionally  a  lot  of  steel  of  the  wrong  composition 
is  supplied  through  error;  or,  by  some  chance,  a  single 
bar  of  different  composition  may  get  mixed  up  with  the 
general  stock.  If  not  detected  such  a  bar  may  cause 
much  loss  or  annoyance.  Very  frequently  a  steel, 
especially  among  the  alloy  steels,  may  have  the  proper 
chemical  comnosition  but  with  the  elements  not  in  the 
proper  state  "of  solution.  It  is  not  uncommon  to  find 
that  a  tool  made  from  a  large  bar  will  prove  defective 
while  the  same  bar  when  forged  down  to  a  smaller 
size  will  yield  perfect  tools.  Since  the  cost  of  labor 
frequentlv  amounts  to  more  than  the  cost  of  material, 
it  is  very  desirable  to  be  able  to  separate  the  good 
from  the  defective  material  before  costly  labor  has 
been  put  upon  it. 

Another  defect  that  sometimes  is  found  in  cold- 
drawn  material  is  the  tearing  apart  of  some  of  the 
crystals  beneath  the  outer  surface. 

Manv  of  these  defects  would  pass  unnoticed  in  the 
usual  examinations  by  the  chemist,  microscopist,  or 
mechanical  tester.  In  such  cases  as  the  above  a  mag- 
netic examination  may  be  expected  to  be  of  service. 

The  ideal  test  of  a  finished  product  is  one  which 
permits  the  examination  of  each  individual  and  does 
not  assume  that  the  characteristics  of  99  pieces  are 
identical  with  those  of  the  hundredth  one  which  hap- 
pened to  be  picked  out  for  test.  Magnetic  analysis  is 
adapted  to  such  individual  testing.  The  individual 
test  not  only  permits  the  elimination  of  defective 
pieces  but  also  permits  the  grading  of  a  product  which, 
while  satisfactory  in  general,  is  not  all  of  the  same 
degree  of  perfection.  It  is  a  matter  of  common  experi- 
ence that  an  occasional  tool  is  found  which  is  quite 
superior  to  the  average  fairly  good  tool.  Any  method 
which  will  enable  one  to  select  such  exceptionally  good 
tools  cannot  fail  to  be  helpful.  This  process  of  grad- 
ing will  enable  the  manufacturer  to  offer  a  uniformity 
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of  product  hitherto  unknown  and  permit  him  to  guar- 
antee such  uniformity  with  surety.  It  is  true  that 
certain  tools  will  have  to  be  sold  as  seconds  at  a 
reduced  price.  On  the  other  hand  there  will  be  a  new 
class  of  exceptional  quality  which  will  bring  a  corre- 
spondingly higher  price. 

The  individual  test  will  permit  improvement  in 
design.  At  present  we  insist  upon  factors  of  safety 
so  large  that  there  would  be  a  reasonable  factor  of 
safety  even  though  there  were  a  considerable  amount 
of  defective  material.  If  a  material  is  used  whose  in- 
dividual properties  are  not  known  and  which  may  vary 
between  wide  limits  a  greater  factor  of  safety  is  used 
than  if  known  material  were  used.  For  example,  a 
cast-iron  structure  might  have  a  factor  of  safety  of 
ten  while  a  similar  structure  of  steel  would  be  safe 
with  a  factor  of  four  or  five. 

Frequently  it  is  desirable  to  make  exhaustive  tests 
upon  a  few  pieces.  Such  cases  arise  where  one  or  more 
samples  are  submitted  in  competition  with  other  ma- 
terial. I  recently  witnessed  a  test  on  the  results  of 
which  an  order  of  $200,000  was  to  be  based.  Five 
pieces  worth  about  $2.00  each  were  submitted  by  each 
competitor.  The  properties  of  each  sample  depended 
upon  proper  composition  and  proper  heat  treatment. 
Even  though  the  composition  were  correct  a  slight 
error  in  the  heat  treatment  would  place  the  material 
at  a  disadvantage.  By  a  suitable  magnetic  test  the 
manufacturer  could  have  assured  himself  that  his 
samples  were  representative  of  his  best  product. 

I  have  made  laboratory  tests  on  a  number  of  com- 
mercial articles  with  considerable  success.  Experi- 
mental evidence  already  at  hand  shows  that  it  is 
feasible  to  apply  individual  magnetic  tests  to  many 
forms  of  tools,  cutlery  and  springs.  These  tests  are 
of  such  a  nature  that  they  may  be  carried  out  on  a 
commercial  scale.  Rings  and  balls  for  ball  bearings 
are  now  being  tried  out  by  this  method  with  every 
promise  of  success.  Steel  rails,  in  spite  of  their  size, 
lend  themselves  very  readily  to  this  method  of 
examination. 

Since  the  magnetic  and  mechanical  properties  of 
steel  suffer  changes  with  the  lapse  of  time  and  under 
ordinary  service  conditions,  the  magnetic  method 
offers  a  very  promising  means  of  examining,  without 
destruction,  the  changes  that  develop  during  the  life 
history  of  a  structure.  Some  of  the  things  to  be 
looked  for  are  the  ordinary  results  of  wear  and  tear. 
A  good  example  of  this  is  the  mine  or  elevator  cable. 
Such  cables  grow  old  and  lose  their  usefulness  or 
even  become  a  source  of  danger  due  to  the  wearing 
away  of  the  material,  the  breaking  of  strands,  exces- 
sive strains,  the  development  of  a  crystallin  structure, 
etc.  The  causes  of  deterioration  of  a  cable  are  so 
numerous  and  the  possibility  of  disaster  frequently 
so  great  that  it  is  customary  to  replace  an  old  cable 
by  a  new  one  while  several  years  of  usefulness  remain 
in  the  cable.  A  proper  magnetic  test  would  keep  the 
cable  under  surveillance  at  all  times  and  make  an 
autographic  record. 

A  structure  may  fail  by  the  development  of  flaws. 
For  instance,  a  steel  rail  may  render  apparently  satis- 
factory service  for  several  years  and  finally  develop  a 
transverse  fissure  which  results  in  a  dangerous  acci- 
dent. Periodic  examinations  of  rails  which  are  under 
suspicion  because  of  excessive  duty  or  other  causes 
may  be  made  and  we  may  thus  detect  the  presence  of 
such  a  flaw  in  an  early  stage  of  its  development. 

Magnetic  analysis  may  be  of  use  in  the  development 
of  a  new  design.  It  is  customary  when  a  new  design  or 
a  new  model  is  developed  to  run  a  service  test  and  at 


intervals  to  dismantle  apparatus  and  go  over  in  detail 
the  various  members  of  the  structure.  This  procedure 
is  common  in  high-grade  mechanisms  such  as  auto- 
mobiles, adding  machines,  etc.  Such  an  examination 
will  detect  errors  in  design  or  faulty  material  which 
result  in  fracture  or  excessive  wear.  They  do  not, 
however,  indicate  the  structure  of  a  part  which  is  just 
about  to  break.  A  magnetic  test  may  be  expected  to 
follow  the  changes  in  structure  from  the  initial  per- 
fect condition,  through  the  various  stages  of  fatigue, 
to  the  final  rupture.  Such  changes  would  be  indicated 
magnetically,  whether  they  were  due  to  a  gradual  re- 
turn to  a  crystallin  equilibrium  or  to  stress  effects. 

Another  field  which  has  not  as  yet  been  tried  but 
for  which  the  possibility  has  already  been  established 
is  in  the  study  of  the  state  of  stress  of  a  given  struc- 
tural member.  For  instance,  it  may  be  desired  to 
determine  whether  a  given  member  in  a  bridge  under- 
goes tension  or  compression  during  the  passage  of  a 
train.  The  fact  that  steel  suffers  certain  changes  in 
its  magnetic  properties  when  put  under  tension  and 
certain  other  changes  when  put  under  compression 
renders  such  a  determination  possible. 

The  apparatus  required  and  the  procedure  of  testing 
depends  to  a  great  extent  upon  the  nature  and  size  of 
the  material  tested  as  well  as  upon  the  characteristic 
flaws  to  be  expected.  Apparatus  for  examining  safety- 
razor  blades  is  necessarily  quite  different,  notably  in 
size,  from  apparatus  for  the  testing  of  steel  rails.  In 
the  case  of  a  lathe  tool  in  which  only  the  nose  is 
hardened  the  examination  differs  from  that  of  a 
locomotive  driving  rod  which  is  more  nearly  uniform 
throughout. 

If  the  testing  of  rails  is  to  give  a  certainty  of  the 
quality  of  the  material,  it  is  necessary  to  test  not  only 
each  rail  but  every  element  of  the  length  of  each  rail. 
This  may  be  accomplished  by  a  double  magnetic  test. 
One  part  of  the  magnetic  test  will  determine  whether 
there  are  non-uniformities  along  the  length  of  the  rail. 
Since  this  test  is  based  upon  a  determination  of  mag- 
netic leakage  it  is  referred  to  as  the  "leakage"  test. 
The  leakage  test  determines  the  homogeneity  of  the 
rail.  Inhomogeneities,  while  they  may  not  be  due  to 
dangerous  imperfections,  always  cast  suspicion  upon 
the  rail.  Inhomogeneous  rails  should  not  be  used  in 
places  where  the  highest  degree  of  perfection  is  re- 
quired. For  instance,  inhomogeneous  rails  should  not 
be  used  on  bridges,  in  tunnels,  or  where  the  traffic  is 
heavy.  Homogeneity  in  itself  is  not  evidence  of  per- 
fection. A  rail  may  be  quite  uniform  along  its  length 
and  yet  be  an  unsafe  rail.  Its  dangerous  nature  may 
be  due  to  improper  chemical  composition  or  to  errors 
in  the  process  of  manufacture,  such  as  improper  fin- 
ishing temperatures  or  excessive  cooling  rates.  To 
determine  whether  or  not  such  defects  exist  requires 
a  determination  of  one  or  more  magnetic  constants. 
These  measurements  may  be  made  in  some  form  of 
permeater  and  in  conformity  with  the  nomenclature 
for  similar  tests  on  small  specimens,  we  call  this  part 
of  the  magnetic  examination  the  "induction"  test. 

A  magnetizing  solenoid  is  moved  along  the  length  of 
the  rail.  Any  non-uniformity  along  the  rail  will  cause 
a  variation  in  magnetic  leakage.  This  variation  in 
leakage  develops  a  small  electromotive  force  which  is 
approximately  proportional  to  the  degree  and  sharp- 
ness of  the  non-uniformity.  A  special  recording  volt- 
meter makes  a  photographic  record  of  the  magnetic 
inhomogeneities.  This  examination  of  a  rail  can  be 
made  in  about  1  minute  and  excessive  demands  for 
skill  and  training  are  not  made  upon  the  operator. 

The  induction  test  is  fairly  simple.    The  most  useful 
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magnetic  quantity  is  probably  the  coercive  force.  For 
the  purpose  of  illustration  we  may  give  the  coercive 
forces  of  two  lots  of  rails  of  substantially  the  same 
chemical  composition,  made  at  the  same  mill,  and 
differing  only  in  their  method  of  cooling.  Four  rails 
rolled  in  winter  were  from  the  first  ingot  which  passed 
through  the  mill  in  starting  the  round  for  that  particu- 
lar date.  Consequently  these  rails  were  the  first  upon 
the  hot  bed  which  was  initially  cold.  Two  other  rails 
of  substantially  the  same  chemical  composition  were 
selected  from  a  full  hot  bed  and  from  the  middle  of 
a  round  rolled  when  the  atmospheric  temperature  was 
70°  F.  The  averages  of  the  coercive  forces  for  a  mag- 
netizing force  of  145  gausses  were  10.30  gausses  for 
the  winter  rails  and  8.91  gausses  for  the  summer  rails. 
This  difference  of  1.39  is  probably  due  in  great  part 
to  the  difference  in  the  rate  of  cooling  of  the  two 
sets  of  rails. 

The  fundamental  fact  that  there  is  a  definite  rela- 
tion between  the  magnetic  and  mechanical  properties 
of  steel  is  so  well  established  that  the  successful  ap- 
plication of  magnetic  analysis  to  commercial  testing  is 
assured.  In  any  particular  case  the  apparatus  must 
be  developed  and  operators  trained.  However,  the 
difficulties  presented  are  not  excessive.  Before  shop 
methods  of  examination  of  any  given  product  can  be 
installed,  a  preliminary  investigation  must  be  carried 
out  which  involves  five  steps. 

1.  Magnetic  data  of  representative  material  must 
be  determined.  Good,  bad  and  indifferent  materials 
must  be  examined  and  the  data  thus  obtained  corre- 
lated so  that  one  may  know  what  magnetic  character- 
istics go  with  each  grade  of  material. 

2.  From  the  mass  of  data  thus  obtained  the  most 
suitable  magnetic  criteria  must  be  determined.  In 
some  cases  any  one  of  several  magnetic  constants  may 
be  equally  satisfactory.  In  other  cases  only  one  spe- 
cific constant  may  be  used.  Still  others  may  require 
the  combination  of  two  or  more  magnetic  constants. 

3.  Suitable  apparatus  must  be  designed.  After  the 
proper  criteria  have  been  determined  the  next  step  is 
to  detemine  what  type  of  apparatus  is  best  suited  for 
the  particular  material  to  be  tested.  Ball-bearing 
rings  will,  for  the  most  efficient  operation,  require  a 
slightly  different  piece  of  apparatus  from  that  re- 
quired by  twist  drills. 

4.  Limits  of  quality  must  be  determined.  Since  the 
proper  combination  of  speed,  cost  and  accuracy  may 
call  for  some  slight  deviation  from  the  ideal  theoret- 
ical considerations,  the  material  to  be  tested  must  be 
examined  by  the  final  form  of  apparatus.  From  these 
data  the  final  criteria  of  quality  must  be  determined. 

5.  The  final  step  of  this  preliminary  investigation 
is  the  reduction  of  all  the  operations  to  mere  routine, 
so  that  shop  determinations  may  be  made  by  an  ob- 
server who  is  not  necessarily  an  investigator. 


Bids  Asked  on  Two  Bridge  Jobs  Requiring 

65,000  Cubic  Yards  of  Concrete  and 

5,000,000  Pounds  Reinforcing 

Metal 

Bids  are  now  being  asked  for  the  construction  of 
two  notably  large  reinforced  concrete  bridges.  One 
of  these  structures  is  to  be  erected  at  Akron,  0.,  and 
the  other  at  Columbus,  O.  The  latter  is  to  be  built 
over  the  Scioto  River  at  Mound  St.  It  will  consist  of 
9  arches  of  the  barrel  type  and  of  the  following 
lengths :  Two  of  77  ft.,  two  of  86  ft.,  two  of  94  ft.,  two 
of  102  ft.,  and  one  of  110  ft.    The  length  of  the  bridge 


over  all  is  1,049  ft.  The  width  over  all  will  be  50^  2  ft., 
roadway  curb  to  curb  being  40  ft.  There  also  will  be 
two  sidewalks  each  6  ft.  wide.  The  bridge  will  have 
a  spread  of  45°.  The  estimated  quantities  includes  the 
following  items : 

E.xcavalion,    cu.    yd f2,160 

Concrete,    cu.    j  d 24.179 

Renifcrcing  steel,    lb &80.000 

Waterproofing,    sq.    yd 2,200 

Gravel   fill   over  arches,    cu.    yd 9,100 

Arcli   barrel   facing,    sq.    ft 4.650 

Scrubbed  finish,    sq.   ft 9.300 

Tooled  finish,  sq.  ft 31,700 

Bids  on  the  Mound  St.  bridge  will  be  received  by 
County  Commissioners  at  Columbus,  O.,  until  Aug.  29. 
Braun,  Fleming  &  KnoUman,  Columbus,  are  the  Con- 
sulting Engineers  and  John  Peake  is  the  County  Sur- 
veyor. The  Akron  bridge  is  to  be  built  for  Summit 
County.  It  will  extend  in  a  northeasterly  direction 
from  the  intersection  of  Main  and  Furnace  Sts.  of  the 
city  of  Akron.  The  viaduct  will  have  a  total  length 
2,791  ft.  and  includes  16  arch  spans  varying  in  length 
from  116  ft.  to  191  ft.  (totaling  2,483  ft.  in  length)  and 
eight  girder  spans  at  the  south  end  totaling  171  ft.  and 
four  girder  spans  with  a  total  length  of  137  ft.  at  the 
north  end. 

The  arch  spans  will  be  supported  on  17  concrete 
piers,  some  of  them  resting  on  concrete  piles  and  some 
founded  on  sand  and  gravel.  The  girder  spans  are 
supported  on  columns  whose  footings  are  founded  on 
sand  and  gravel.  Traffic  provision  on  the  viaduct 
will  consist  of  two  sidewalks,  each  10  ft.  wide,  and  a 
paved  roadway  52  ft.  between  curbs,  giving  a  total 
clear  width  of  72  ft.  Provision  will  be  made  in  the 
central  18  ft.  of  this  roadway  for  the  installation  of 
two  electric  railway  tracks.  These  tracks  over  the 
pavement  of  the  structure,  however,  are  not  a  part  of 
the  present  contract.  Over  the  south  girder  spans  the 
structure  will  have  a  total  width  of  100  ft.,  made  up  of 
a  roadway  76  ft.  wide  and  two  sidewalks  each  12  ft. 
wide. 

The  approximate  quantities  include  the  following 
items: 

Concrete   piles,   lin,    ft "i'?^'' 

Concrete  fpr  footings,  cu.  yd ",£30 

Concrete  m  pedestals,   cu.   yd 4,840 

Other  concrete,   cu.   yd 29,400 

Reinforcing  bars  and  other  reinforcing  metal,  lb 4.200,000 

Miscellaneous  metal,   lb 232,000 

Bids  for  this  viaduct  will  be  opened  on  Sept.  10  by 
the  County  Commissioners  at  Akron,  0.  Harrington, 
Howard  &  Ash,  Kansas  City,  Mo.,  are  the  Consulting 
Engineers. 


Personals 

C.  C.  Cottrell  has  been  appointed  assistant  highway  engineer 
of  Nevada. 

William  F.  Moore,  for  the  past  2%  years  City  Engineer  of 
Grand  Rapids,  Mich.,  has  been  appointed  State  Highway  En- 
gineer of  Indiana. 

J  H.  Prior,  formerly  chief  engineer,  Illinois  Public  Utilities 
Commission,  has  left  tiie  service  of  the  Illinois  Commission  to 
open   an   engineering  office  in   Chicago. 

R.  L.  Kenan  and  Fulton  Pace  have  entered  into  a  partnership 
under  the  firm  name  of  Kanan  &  Pace,  and  will  engage  in  a 
consulting   practice,   specializing  in   highway   work. 

Profes.sor  Milo  S.  Ketchum,  Dean  of  the  College  of  Engineermg 
of  the  Universitv  of  Colorado,  was  elected  President  of  the  So- 
cietv  for  the  Promotion  of  Engineering  Education  for  the  next 
vear  at  the  annual  meeting  of  the  Society  held  at  "U'ashington, 
b.   C   Julv  6th  and   7th,    1917. 

M.  E.  Allen  and  R.  W.  Bailv  have  entered  mto  a  partnership 
under  the  firm  name  of  Baily  &  Allen  Co.  Mr.  Allen  was  secre- 
tary and  contracting  engineer  for  the  Central  States  Bridge  Co., 
Ind'ianapolis,  and  Mr.  Baily  was  consulting  engineer  for  steel 
structures   with   offices   at    Chicago. 
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Industrial  Notes 

Mr  Harrj-  E.  Dennie,  who  has  been  Pacific  Coast  manager 
for  the  Imperial  Belting  Co.  of  Chicago,  has  returned  to  Chicago 
to  assume  the  general  managership  of  the  company.  Mr.  W.  S. 
Bloomer   becomes   sales   manager.  _^.,,. 

The  Mackinaw  Sand  &  Gravel  Co.,  operating  plants  at  Chilli- 
cothe  and  Mackinaw,  El.,  announces  a  change  of  name  to  the 
McGrath  Sand  &  Gravel  Co.,  and  increase  of  capital  stock  from 
$2r..000  to  $100,000.  The  new  plants  will  be  built  at  Pekin  and 
i^orreston.    111. 
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Are  Hi^h  Wa^es  Here  to  Stay? 

Common  laborers  are  receiving  as  high  as  $3.50  a 
day,  and  occasionally  more  if  they  are  exceptionally 
strong  and  willing.  In  California,  for  e.xample,  some 
common  laborers  working  in  concrete  mixing  gangs 
are  receiving  50  ct.  an  hour.  Probably  the  average 
daily  wage  of  unskilled  workers  in  America  exceeds 
12.50  a  day. 

Since  the  cost  of  labor  forms  a  large  part  of  the 
total  cost  of  nearly  every  kind  of  civil  engineering 
construction,  it  is  a  matter  of  importance  to  many  of 
cur  readers  to  forecast  correctly  the  trend  of  wage 
rates.  If  civil  engineers  were  convinced  that  wages 
would  recede  greatly  after  the  war,  they  would  rec- 
ommend the  curtailment  of  construction  work  during 
the  war.  Some  engineers  have,  in  fact,  advised  such 
curtailment.  But  what  basis  of  fact  is  there  for  be- 
lief that  wages  will  go  down?  Is  it  reasoned  that  the 
sudden  and  marked  rise  in  wages  must  be  followed 
by  a  fall?  Where  are  the  data  of  past  wage  fluctua- 
tions that  justify  such  an  inference? 

Wages,  it  should  be  remembered,  are  more  stable 
than  the  prices  of  materials  and  vastly  more  resist- 
ent  to  a  depressive  force.  Whether  wages  rise  through 
the  organized  effort  of  labor  union  or  because  of  in- 
creased demand  for  labor,  there  is  the  same  determi- 
nation on  the  part  of  workmen  to  hold  every  gain 
that  is  made.  Nothing  short  of  very  hard  times  has 
yet  served  to  weaken  this  determination.  Since  the 
panic  of  '93  there  has  not  been  a  single  general  down- 
ward move  in  wage  rates  in  America.  The  trend  has 
been  steadily  upward,  finally  culminating  in  the  very 
rapid  rise  that  has  occurred  in  the  past  three  years  of 
war. 

In  the  final  analysis  the  average  rate  of  wages  in 
any  country  is  based  on  the  average  productiveness 
of  the  workers,  high  wages  invariably  accompanying 
high  productivity.  The  present  war  has  increased 
average  productivity.  We  are  not  now  speaking  of 
the  productivity  of  any  particular  class  of  men,  such, 
for  example,  as  the  laborer  employed  on  civil  engi- 
neering works.  We  refer  to  the  productivity  of  the 
entire  nation  of  workers  in  mills,  mines,  fields  and 
wherever  human  energy  is  applied.  The  present  year 
will  show  the  greatest  per  capita  productivity  in  our 
history  as  a  nation.  Yet  we  have  barely  begun  to 
learn  the  use  of  power,  machinery  and  efficient 
methods.  The  war  has  merely  stimulated  us  to  think 
and  to  act.  Note,  for  example,  the  striking  increase 
in  the  ton-miles  of  freight  per  car  during  the  last 
year.  The  very  railroad  presidents  who  called  Bran- 
deis  a  visionary  crank  a  few  years  ago,  when  he  said 


that  the  railways  could  save  a  million  dollars  a  day 
by  scientific  management,  are  already  pointing  with 
justifiable  pride  to  an  increase  of  14  per  cent  in 
freight  car  efficiency  effected  since  the  war-begotten 
congestion  of  traffic  roused  them  to  action.  It  is  not 
too  much  to  expect  that  American  railway  efficiency 
will  increase  25  per  cent  in  consequence  of  the  in- 
tensive study  of  transportation  problems  that  this 
war  has  brought  about. 

Even  prior  to  the  war  we  in  America  had  been 
speeding  up  our  output  in  nearly  all  industrial  lines. 
Scientific  management,  first  a  part  of  the  vocabulary 
of  engineers  only,  had  already  become  an  expression 
familiar  to  all  men,  and  its  tenets  were  expounded 
in  the  columns  of  the  daily  papers.  The  theory  that 
labor  is  more  efficient  when  paid  either  higher  wages 
or  a  bonus  for  increased  output  had  been  thoroughly 
demonstrated.  In  short,  wage  rates  were  already 
rising  rapidly,  if  somewhat  spasmodically  and  in 
.'^pots,  before  the  war  began.  The  war  accelerated 
and  broadened  the  rise.  Nor  can  we  see  any  reason 
for  believing  that  the  end  of  the  war  will  end  the 
upward  sweep  of  wage  rates. 

If  we  fall  back  upon  the  old  "law  of  supply  and 
demand"  as  a  guide  in  prognosticating  wages,  we 
find  it  pointing  to  a  conclusion  the  same  as  that  ar- 
rived at  from  consideration  of  the  effect  of  increased 
productiveness  of  labor.  The  war,  by  crippling  and 
killing  millions  of  men,  is  reducing  the  supply  of 
workmen.  European  governments  are  likely  to  re- 
.-trict  emigration  after  the  war,  in  order  to  build  up 
their  own  industries.  Moreover,  necessity  will  have 
taught  them  the  greater  use  of  machinery,  which  in 
turn  will  have  permanently  raised  their  wage  levels 
also.  So  America  can  not  look  for  a  considerable  in- 
flux of  labor  after  the  war. 

To  the  question  that  heads  this  article  the  answer 
is.   Yes. 


Form  of  War  Contracts. — As  the  result  of  confer- 
ences extending  over  two  months,  the  government 
interdepartmental  cost  conference  has  made  public 
its  recommendations  that  where  fair  prices  can  be 
obtained,  war  contracts  should  be  in  the  form  of 
straight  purchase-and-sale  contracts  at  fixed  prices, 
that  the  cost  plus  contract  may  be  necessary  where 
the  production  involves  difficult  and  complicated 
manufacturing  effort  or  conditions  which  can  not  be 
clearly  foreseen,  and  that  in  cost-plus  contracts  a 
fixed  profit  of  a  definite  sum  of  money  per  article  be 
agreed  upon  as  far  as  possible,  instead  of  the  per- 
centage of  cost. 
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What  One  Engineering  College  Is 
Doing  to  Recruit  Its  Classes 

To  the  Editor:  The  writer  was  very  interested  in 
an  article  which  appeared  in  your  issue  of  June  25, 
entitled  "What  are  the  Engineering  Colleges  doing  to 
recruit  their  Classes?"  About  a  month  prior  to  this, 
the  Engineering  division  of  the  Oregon  Agricultural 
College  sent  the  enclosed  letter  to  every  high  school 
junior  and  senior  in  the  State  of  Oregon. 

Your  article  is  unquestionably  pertinent  and  time- 
ly; however,  the  writer  felt  that  you  should  know 
that  some  of  the  colleges  are  thinking  along  the 
same  line. 

C.  B.  W.  McCULLOUGH, 

Prof,  of  Civil  Engineering. 
Corvallis,  Ore. 

(The  letter  referred  to  in  Prof.  McCullough's  com- 
munication follows  in  part. — Editor.) 

Do  you  want  to  enter  training  for  patriotic  service  of  a 
far  higher  type  than  that  of  which  you  are  at  present 
capable,  and  at  the  same  time  enter  a  profession  whicli  now, 
as  never  before,  offers  magnificent  opportunities? 

Then  carefully  read  and   consider  the   following  facts: 

That  the  demand  for  trained  engineers  to  meet  the  grow- 
ing industrial  need  is  far  greater  than  the  supply. 

That  Europe  is  calling  for  10,000  trained  American  engi- 
neers to  meet  the  present  military  situation  and  will  no 
doubt  need  many  times  this  number. 

That  not  only  during  the  present  war  but  during  the 
long  period  of  reconstruction  following  it,  engineers  and 
engineering  talent  will  be  in  greater  demand  than  ever 
before  in  the  history  of  nations — that  upon  American  engi- 
neers will  in  large  measure  devolve  the  task  of  rebuilding 
devastated    Europe. 

That  so  great  is  the  need  for  American  engineering  talent 
in  Europe  that  the  greatest  universities  there  are  offering,  as 
inducement  to  American  engineering  graduates,  $1,000  schol- 
arships for  further  study  and  research. 

That  at  the  Oregon  Agricultural  College,  alone,  the  demand, 
this  spring  for  graduates  to  fill  engineering  positions  ex- 
ceeded  the   available   supply   by   200   to   300   per   cent. 

That  our  own  government,  realizing  the  great  military  and 
industrial  value  of  men  trained  along  engineering  lines  has 
recently  issued  through  the  United  States  Department  of  the 
Interior  the   following   statement; 

"We  therefore  believe,  first,  that  all  young  men  below  the 
age  of  liability  to  the  selective  draft  and  those  not  recom- 
mended for  special  service,  who  can  avail  themselves  of  the 
opportunities  offered  by  our  colleges,  should  be  urged  so  to 
do  in  order  that  they  may  be  able  to  render  the  most 
effective  service,  both  during  the  full  period  of  the  war 
and  in  the  trying  times  which  will  follow  its  close. 

"We  believe,  third,  that  in  view  of  the  supreme  importance 
of  applied  science  in  the  present  "^^ar,  students  pursuing 
technical  courses,  such  as  medicine,  agriculture  and  engi- 
neering are  rendering,  or  are  to  render,  through  the  con- 
tinuance of  their  training,  service  more  valuable  and  effi- 
cient than  if  they  were  to  enroll  in  military  or  naval  service 
at   once." 

These  facts  may  appear  more  pertinent  to  your  experience 
by  referring  specifically  to  certain  industries  that  are  re- 
sponding  to  the   new   demands. 

The  unprecedented  growth  of  our  shipbuilding  industry, 
for  instance,  creates  a  demand  for  Mechanical,  Chemical, 
Electrical  and  Civil  engineers  greater  than  ever  before.  The 
extent  of  the  present  movement  for  better  highways  may  be 
appreciated  from  the  fact  that  no  less  than  twelve  states 
have  this  year  organized  new  state  highway  departments  and 
have  commenced  a  comprehensive  program  of  road  building. 
This  means  a  greatly  increased  demand  during  the  coming 
years  for  highway  engineers. 

Our  nation's  industrial  activities  are  now  thrown  entirely 
on  their  own  resources.  W^ithout  the  aid  we  have  received 
heretofore  from  scientific  Europe,  the  nation  is  now  forced  to 
look  to  her  own  engineers  for  the  solution  of  her  manifold 
industrial  problems.  Cost  reduction  methods,  efficiency  engi- 
neering, scientific  investigation  and  research,  these  are  the 
activities  which  are  creating  a  demand  for  the  service  of 
the  engineer. 

The  field  of  munitions  manufacture,  the  conversion  of  our 
water-power  resources  into  electrical  energy,  the  reclama- 
tion  of   our   lands   for   agricultural   purposes,   the    electrifica- 


tion of  our  railwa.v  facilities,  the  sanitation  of  our  newly 
istablished  industrial  sites,  these  are  but  few  of  the  many 
opportunities  for  engineering  activity  in  civil  life. 

From  the  military  side  the  Electrical  and  Mechanical  engi- 
neer finds  an  outlet  in  the  signal  corps,  the  aviation  corps  or 
the  ordnance  department  of  the  army  and  navy;  the  Chem- 
ical and  Mining  engineer  in  the  manufacture  and  handling 
of  explosives  and  the  Civil  engineer  in  the  building  of  military 
loads  and  bridges,  military  railways,  fortifications,  wharves, 
docks,  etc.,  as  well  as  in  the  work  of  railitar.v  surveying  and 
mapping. 

So  much  for  the  general  opportunities.  How  about  the 
salaries?  You  have  a  perfect  right  to  know,  for  although 
financial  returns  are  perhaps  of  secondary  importance,  they 
are  important.  As  answering  this  query  the  American 
Society  of  Civil  Engineers  has  recently  made  a  careful  in- 
vestigation of  salaries  paid  engineers  and  reported  salaries 
ranging  from  $600  to  $150,000  a  year  with  an  average  of 
$4,032.  This  investigation  includes  6,378  engineers.  In  com- 
menting upon  the  figures,  the  society  committee  states  that, 
"the  compensation  for  engineering  work  compares  favorably 
with  that  received  by  men  of  any  other  profession." 

As  a  specific  illustration  of  engineering  salaries,  it  may  be 
noted  that  the  government  has  recently  advertised  examina- 
tions for  over  forty  engineering  positions  in  the  Civil  Service 
at  salaries  ranging  from  $75  a  month  to  $6,000  a  year. 


Increase  in  Cost  of  Street   Railway  Sup- 
plies and  Equipment 

In  a  hearing  Aug.  7  before  the  upstate  Public 
Service  Commission  of  New  York,  Edmund  P.  Waller, 
manager  of  the  Railway  Department  of  the  General 
Electric  Co.,  and  Roscoe  Seybold,  of  the  Westings 
house  Electric  and  Manufacturing  Co.,  testified  that 
all  kinds  of  electric  apparatus  used  by  street  car  com- 
panies, on  account  of  increased  costs  of  labor  and 
materials,  cost  from  50  to  125  per  cent  more  than  in 
1914.  Labor  costs  in  the  production  of  these  sup- 
plies had  advanced  from  30  to  40  per  cent  since  1914; 
steel  plates  had  increased  as  much  as  700  per  cent, 
copper  120  per  cent,  steel  castings  100  per  cent,  steel 
forgings  340  per  cent,  coal  80  per  cent,  brass  200  per 
cent. 

W.  G.  Kaylor  of  the  Westinghouse  Traction  &  Brake 
Co.  testified  that  since  April,  1917,  air  brake  equip- 
ment had  increased  27  per  cent  in  price,  and  James 
S.  Thompson,  vice-president  of  the  American  Brake 
Shoe  &  Foundry  Co.,  testified  to  a  63  per  cent  increase 
in  cost  of  brake  shoes. 

Wm.  H.  Englund  of  the  Electric  Service  Supply 
Co.  of  Philadelphia  testified  that  trolley  wire,  insu- 
lators, etc.,  had  increased  200  per  cent  in  the  last 
three  years,  due  to  increased  costs  of  labor  and  ma- 
terial, especially  copper. 

Prof.  Roswell  C.  McCrea  of  Columbia  University 
testified  that  labor  costs  had  increased  greatly  in  the 
last  three  years,  and  declared  it  practically  a  cer- 
tainty that  still  more  increases  are  near  at  hand. 


A  new  law  for  railway  concessions  in  Venezuela  has 
been  signed  by  the  Provisional  President.  The  prin- 
cipal difference  between  this  law  and  the  former  one 
is  that  the  provision  by  which  all  railways  constructed 
under  concessions  became  the  property  of  the  Gov- 
ernment after  a  specified  term  of  years  is  changed, 
and  railways  to  be  built  under  the  new  law  will  be 
fully  and  perpetually  the  property  of  the  parties  con- 
structing them  except  that  such  ownership  may  not 
be  transferred  in  whole  or  in  part  to  any  foreign  gov- 
ernment. It  is  hoped  that  under  the  morel  liberal 
terms  of  this  new  law  foreign  capital  may  undertake 
the  construction  of  railways  which  the  country  so 
badly  needs  for  its  internal  development. 


(2) 
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Price    Changes    for    Common    Labor    and    Construction    Material 

During  the  Past  Year 


Prevailing  Local  Figures  on  August   1,  1916,  and  August  1,  1917,  in  Various  Cities 

Throughout  the  Country 


Common 
S-hour 
Oily.  1916. 

Bangor.     >fe • ?2.25i 

Levviston,    Me 2.00i 

Portland,    Me 2.50 

Concurd.    N.     H 2.23i 

Manche.ster,    N.    H 2(;V4' 

Cambridge.   Mass 

Fall    raver.    Mass 2.40 

Fitchbiirg,    Mass SO*^ 

Haverhill,    Mass 2  33 

Worcester,    Mass 2.C0 

Bridgeport.   Conn 2.25 

Albany,    N.    Y 2.o2> 

Gloversville,    X.    T 2.23 

Rochester,    X.    Y 2.1(> 

East   Orange.    X.    J 2.30 

Baltimore,   Md 2.00 

Durham,    X.    C 1.40" 

Greensboro,    X.    C 1.25 

Atlanta,     Ga 1.50> 

Macon,    Ga.    1214' 

Mobile,   Ala 1.50 

Montgomery,   Ala 1.00 

Faducah,  Ky 1.20 

Fort    Smith,    Ark 1.50" 

Hattiesburg,    Miss 1.10" 

Vicksbiirg.  Jliss 1.50''^ 

Columbus.    0 2.00 

Dayton.    0 2.75 

East  Liverpool,  0 2"^4< 

Joliet.    Ill 35* 

Oak    Park,    111 3.00 

Peoria.    Ill 2.00 

Quincy,    111 2.25 

Fort  Wayne,   Ind 2.20 

Richmond,    Ind 20* 

Terre    Haute.    Ind 1.T3 

Ann    A ibor.    Mich 2.40 

Kalamazoo.    Mich 2.24 

Minneapolis.   Minn 2.50 

Red  ^v-ing.   Minn 2.23^ 

St.    Paul.    Minn 23* 

Burlington,    la l.TS 

Wichita,   Kan 1.75 

Grand    Island,    Xeb 2.00 

Hannibal,    Mo l.CO 

Kansas    City,    Mo '  2.00» 

St.    Joseph,    Mo 20* 

St.    Louis,    Mo 2.00 

Austin.    Tex 1.75 

Beaumont.     Tex 1.73 

Galveston.    Tex 2.00 

Colorado   Springs,    Colo 2.25!» 

Denver.    Colo 2.50 

Pocatello.   Idaho    2.50»> 

Great  Falls.   Mont 3.00 

Logan.    Utah    2.25 

Ogden     Utah    2.50 

Provo,   Utah    2.00 

Alamf.da.    Cal 3.00 

Berkeley.    Cal 2.50 

Los  Angeles.  Cal 2.50 

Eugene.    Ore 2.25 

Portland,    Ore 2.75 

Everelt.    Wash 2.65 

Seattle,    Wash 2.75 

Tacoma.    \\  ash 2.50 

*Per  hour.     ^Per  ton. 

>!)-hour  day.  =$2.25  to  $2.50.  'Xet  per  bag.  <$1.00-$1.30:  $1.14  to  $1.75.  '^2.8  to  30  ct.;  34  to  38  ct.  ''■Car  load  $1.86.  'Car  load  $2.21. 
"At  bnnk.  "Base  price.  "'Xet.  "10-hour  day;  $1.75  to  $1.90.  >=15  'Jt.  and  20  ct.  "Striking  for  $2.50.  '"Gross.  >=In  small  amounts. 
"$1.33  to  $1.50.  "At  plant.  =»40  to  45  ct.  =^$80  to  $94.  -$90  to  $100.  =»$2.S0  to  $3.  "In  cloth  sacks.  ^'Contract  price  for  year.  =^10  hours. 
=9$2.25-$2.50.      »$2.75-$3.00.      =»$2  50-$2.75.      »$3.00    to    $3.50.      ^$2    to    f2.30.      *'$2.50    to   $3. 


2 -horse  team 

Cement. 

Sand 

Broken 

Stone, 

Gravel, 

labor. 

and  driver. 

f.  o.  b 

-.  City. 

f.  o.  b.  1 

City. 

f.  o.  b. 

City. 

f.  0.  b. 

City. 

day. 

8-hour  day. 

Per 

Bbl. 

Per  Cu 

.  Yd. 

Per  Cu 

:.  Yd. 

PerCu 

.  Yd. 

1017. 

1910. 

1917. 

191 ;. 

1917. 

1916. 

1917. 

1916. 

1917. 

1916. 

1917. 

$2,501 

$5,001 

$6,001 

$2.10 

$2.65 

$1.00 

$1.30 

$2.50 

$3.00 

$1.15 

$1.30 

2.50^ 

.47= 

.62= 

3.25 

5.00 

7.00 

2.00 

2.30 

.25 

.33 

1.62 

1.82 

.25 

.35 

2.50' 

5.00 

6.00 

1.73 

2.73 

1.00 

1.25 

'       .30» 

.67» 

.67* 

1.55 

2.32 

.401 

.65t 

l.OOf 

1.14t* 

.75t 

l.OOt 

2.75 

1.82 

1.15 

2.10 

1.52 

2.60 

6.00 

6.00 

l.&J 

2.16 

1.18 

1.18 

2.13 

2.20 

^8« 

5.50 

6.50 

2.0i! 

2  30 

2.75 

5.00 

fi.OO 

1.91 

2.34 

1.50 

1.30 

1.15 

1.25 

1.50 

1.50 

2.40 

5.00 

6.00 

2.15 

2.96 

1.5C 

1.75 

1.30 

1.75 

.30 

..50 

3.00 

6.00 

7.00 

2.20" 

2.80' 

1.50 

1.6.1 

1.27' 

1.90t 

1.60 

1.75 

3.00' 

6.001 

7.001 

1.33 

1.73 

.30' 

.40' 

1.30 

1.60 

2.50 

5.00 

5.60 

1.00 

2.40 

1.00 

1.25 

1.00 

1.25 

2.56 

5.50 

6.00 

l.UJ 

2.34 

.72t 

.92t 

1.12t 

1.27t 

.92t 

1.12t 

2.75 

(T.OO 

7.00 

1  25" 

1.65'" 

.8& 

1.00 

1.23 

2.00 

2.25 

5..00 

5.50 

1.7!', 

1.93 

.45 

.35 

2.20 

2.35 

.75 

.90 

1.75" 

4.00" 

5.00" 

1.70 

3.00 

1.00 

1.00 

2.10 

2.35 

1.75' 

3.50 

6.00 

2.27 

2.67 

.90 

1.00 

1.75 

2-25 

1.80> 

3.75^ 

4.001 

1.23 

1.73 

.66 

.75 

1.35 

2.22 

.       ,x5.ij 

.40* 

.55* 

1.73 

2.30 

.60 

75- 

1.30t 

1.30t 

1.50 

1.50 

2.00" 

4.00 

4.50 

2.83"- 

2.53" 

1.25 

1.00 

1.73 

2.00 

1.50 

4.00 

5.00 

1.25 

1.23 

2.00 

2.75 

l.GO 

2.80 

4.00 

1.60 

2.20 

.60 

.75 

.90t 

i.iot 

.70 

.85 

2.00" 

3.50" 

4.00" 

.80 

1.00 

1.23 

1.50 

1.00 

1.50 

1.50" 

4.00" 

5.00" 

2.601= 

3.1 01= 

1.00 

1.20 

1.25 

1.50 

2.00 

4.00 

5.00 

1.89 

2.75 

.90 

1.25 

4.00 

6.00 

1.25 

1.60 

2.40 

5.00 

iy.60 

1.70 

2.40 

.83" 

1.00" 

.85" 

1.00" 

.8.5" 

1.00" 

3.00 

4.80 

6.00 

l.(T2'" 

2.17"' 

1.25 

1.50 

1.25 

1.50 

1.25 

1.50 

>       .30* 

5.00 

7.00 

2.00 

2.40 

.60t 

.751 

.60f 

.75t 

.40»» 

6.50 

l.SO 

2.30     ' 

1.50 

1.75 

.60 

.75 

3.00 

7.00 

7.00 

2.21 

2.71 

.85 

1.40 

.85 

1.40 

.83 

1.40 

2.80=' 

5.00 

7.00 

1.45 

2.15 

1.20 

1.55 

1.30 

1.05 

3.00 

5.00 

6.50 

1.88 

238 

.50 

.50 

1.10 

1.25 

.83 

1.10 

2.40 

4.80 

4.80 

1.24 

1.99 

1.25 

1.32 

1.52 

157 

1.45 

1.55 

.25« 

.40* 

.45* 

2.00 

3.00 

1.50 

1.50 

1.00 

1.15 

1.15 

1.15 

2.25 

4.00 

5.00 

1.60 

2.23 

1.00 

1.25 

.75 

1.00 

2.80 

4.00 

4.  SO 

1.50 

2.40 

.75 

.85 

1.00 

1.30 

2.80 

4.50 

.5.20 

l.Sl=' 

2.36=* 

.70 

.80 

2.80 

5.00 

0,00 

1.47=" 

1.S3M 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

2.62' 

4.50=' 

5.50" 

2.10 

2.33 

1.48 

2.17 

1.80 

.30» 

.60» 

.66» 

1.S5 

2.18 

1.00 

1.00 

1.70 

l.SO 

1.70 

1.80 

2.40 

3.60 

4.80 

1.90 

2.40 

.38 

.38 

1.10 

1.40 

.90 

1.00 

2.50 

3.50 

5.00 

1.72 

3.02 

.13 

.25 

1.33t 

1.55-t 

2.40 

4.00 

5.00 

1.96 

2.56 

1.00 

1.00 

1.00 

1.00 

2.00 

3.20 

4.00 

l.SO 

2.40 

.90 

1.00 

.62 

.75 

.90 

2.40 

2.50M 

5.00 

0.00 

1.50 

2.35 

.90 

.90 

1.10 

1.40 

.25* 

.45* 

.60« 

1.10 

2.30 

1.10 

1.33 

1.45 

1.62 

3.00 

4.50 

6.00 

1.25 

2.65 

.85 

1.25 

.43 

.60 

1.23 

1.75 

1.75 

3.50 

3.50 

2.20 

2.40 

.60 

.60 

1.92 

1.53 

2.2& 

.50 

.50 

1.S3 

2.25 

2.40 

4.40 

5.00 

.90 

.90 

2.15 

2.50 

2.75M 

5.00 

6.00 

1.90 

2.60 

.85 

1.00 

2.00 

2.00 

.85 

1.00 

2.00 

5.00 

6.00 

2.17 

2.39 

1.00 

1.50 

1.70 

1.83 

1.25 

1..50 

3.00" 

6.00 

7.00 

2.62 

3.00 

1.00 

1.25 

1.50 

1.73 

.90 

1.10 

3.75 

COO 

8.00 

2.27 

2.57 

1.00 

2.00 

1.75 

2.25 

2.S0 

4.00 

5.00 

2.52 

2.62 

.90 

1.00 

.90 

1.00 

.90 

100 

3.00 

4.50 

6.00 

2.00 

2.37 

1.00 

1.50 

1.00 

1.50 

1.00 

l.Sfl 

2.75 

4.00 

5.50 

2.27 

2.74 

.70 

1.00 

.70 

1.00 

3.00 

5.50 

5.50 

2.55 

2.35 

1.75 

1.73 

1.75 

1.50 

1.73 

1.75 

2.75 

5.20 

5.20 

2.50 

2.55 

1.50 

1.67 

1.60 

l.CO 

1.58 

1.65 

2.50 

5.00 

o.OO 

1.93 

2.18 

.65t 

.711 

1.20t 

1.20t 

3.00 

4.50 

6.50 

2.70 

3.10 

1.50 

1.50 

1.00 

1.00 

1.00 

1.00 

3.00 

5-.  00 

6.50 

2.30 

2.25 

.94 

.93 

.50 

.44 

.50 

.44 

3.25 

6.00 

7.00 

2.101" 

2.651" 

1.40 

1.40 

1.40 

1.40 

3.25 

6.50 

8.00 

2.30 

2.80 

.73 

.75 

l.OC 

1.00 

.75 

.73 

3.00 

5.50 

7.50 

1.90 

2.30 

1.00 

1.30 

1.75 

2.25 

1.00 

1..50 

(3) 
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Prices  of  Cast  Iron  Pipe  During  the 
Past  50  Years 

Interesting  statistics  on  the  price  of  cast  iron  pipe 
were  presented  by  Mr.  Burt  B.  Hodgman,  Chief  En- 
gineer of  the  National  Water  Main  Cleaning  Co.,  in 
a  paper  presented  at  the  last  annual  meeting  of  the 
American  Water  Works  Association.  In  his  paper,  an 
abstract  of  which  is  given  below,  Mr.  Hodgman  gives 
the  prices  actually  paid  for  cast  iron  pipe  by  the  city 
of  Boston,  Mass.,  during  the  past  50  years. 

It  is  interesting  to  note  that  the  present  prices  are 
not  as  high  as  the  maximum  prices  paid  during  the 
period  covered.  In  1868  Boston  paid  $78  per  long  ton 
for  6-in.  pipe.  In  1873  the  price  was  $67  per  long 
ton;  in  1897  the  price  was  $16.20  per  short  ton,  and 
in  1917  it  was  $45  per  short  ton. 

In  1832  Richmond,  Va.,  purchased  10-in.  pipe  from 
Samuel  &  Thomas  S.  Richards  of  Philadelphia  for 
$1.38  per  foot,  the  pipe  being  in  9-ft.  lengths  and 
9/16  in.  in  thickness.  This  amounts  to  about  $54  per 
ton  of  2,000  lb.,  and  the  price  was  for  pipe  delivered 
at  Richmond.  The  cost  in  1832  of  other  sizes  of  pipe 
was  as  follows : 

Fer  foot. 

S-in.   pipe   was $1.25 

6-in.   pipe  was 70 

4-in.   pipe   was 45 

3-in.   pipe   was 37 

In  l'i4  3-in.   pipe  was  bought  for 30 

In  1854  16-in.  and  8-in.  pipe  was  purchased  in 
Richmond  from  R.  &  S.  H.  Jones  at  $52.50  per  long 
ton.  The  pipe  was  cast  at  Florence,  N.  J.  In  1832 
10-in.  valves  were  purchased  in  Richmond  at  $70,  8-in. 
valves  at  $56,  6-in.  valves  at  $44.50,  4-in.  valves  at  $30 
and  3-in.  valves  at  $28. 


PRICES  OF  CAST  IHOX   FIFE   AND   SPECIALS. 


28.00 


Elgin,  III. 

Year.  Pipe. 

]SS7 $34.70 

iS88 34.70 

1SS9 

1890 

1891 27.40 

1892 27.00 

1893 26.50 

1894 24.70 

1895 24.70 

1896 28.00 

1897 28.00 

1898 23.85 

1899 23.50 

1902 24.00 

1905 30.00 

1906 27.00 

1907 21.40 

1908 21.00 

1909 23.00 

1910 22.50 

1911 23.00 

lf.l2 23. 4S 

1913 23.50 

1914 23.70 


Specials. 
$55.00 
56.00 
45.00 
50.00 
42.50 
42.75 
42.50 
41.50 
41.50 
50.00 
48.50 
45.00 
43.50 
45.25 
50.00 
46.50 
41.40 
42.50 
45.00 
45.00 
44.75 
45.00 
45.00 
45.25 


Rochester,    N. 

Year.  Pipe. 

1884 $30.00 

1885- 27.90 

1SS7 34.00 

1S90 24.50 

1891 23.20 

1892 21.20 

1894 18.68 

1895 18.90 

1896 18.25 

1897 16.70 

15.27 


1899 22.00 

1900 25.25 

1901 20.80 

1902 26.75 

1303 32.50 

1904 22.80 

25.40 
1906. 
1907. 
1D08. 
1909. 
1910. 
1911. 
1912. 


191.1 
i;,14. 


. .  26.80 

. .  23.20 

. .  24.30 

. .  22.70 

. .  24.00 

. .  20.70 

. .  21.1'0 

. .  24.25 
21.95 


Specials 
$45.00 
60.00 
CO.OO 
46.00 
46.00 
45.00 
45.00 
40.00 
40.00 
38.00 
35.00 
50.00 
45.00 
45.00 
60.00 
70.00 
50.00 
50.00 
55.00 
60.00 
50.00 
50.00 
50.1)0 
49.00 

4s  no 

50.00 


Portland,    Ore. 

(All  prices  per  ton  of  2.000  lbs.) 

Year.      Size.  Pipe.  Specials. 

■j908 16"  $42.75         

1910 4"  37.00         

12"  37.00  $60.00 

1911 10"  32.35         

20"  32.35  48.00 

10"  30.90         

20"  30.50         

1913 C"  34.25         

8"  34.50         

24"  34.00         

30"  34.00  53.00 

1914 6"  30.20         

S"  30.20         

....  12"  30.20         

....  16"           30.20         

24"  30.20         

....  30"           30.20         


Lowell,    Mass. 
(1S70    lo    1902,    2.240    lb.    to    ton: 
1904    to    1914.    2,000    lb.    to    ton.) 
Year.  Pipe. 

1870 $63.00     $0.04   per  lb. 

1873 73.00     $0.04    per  lb. 

1874 42.00     $0.04   per   lb. 

1S76 36.39 

ISSO 51.00     $70  per  ton 

1882 45.00     $0.03    per  lb. 

1881 56.00 

1889 25.31 

1895 23.85 

1S9=; 19.70 

1S97 18.18 

1899 21.75 

1899 23.00 

190" 28.20 

1904 23.20     $0.05   per   lb. 

1110"  •>9  SO 

1906 32.70 

1900 25.20 

1909 24.20 

1911 ?2.30 

1910 22.00 

19]'> 21.45 

191? 22.34 

19IS 23.23 

191 J 22.49 

1914 21.95 


CAST  IRON  PIPE 
(.Long    tons    from    1868    to 

Year.  Tonnage.  Size. 

liG8 446  6" 

446  12" 

312  24" 

2,2it  48" 

45  » 

186S 45  4" 

547  6" 

600  12" 

230  16" 

1S70 75  4" 

625  6" 

670  12" 

70  16" 

1S70 700  6" 

1,700  12" 

700  20" 

470  24" 

1S71 959  b" 

1.541  12" 

1873 950  (■" 

190  8" 

475-  12" 

750  12" 

250  16" 

85  • 

1S71 600  8" 

1,255  12" 

385  .  16" 

955  20" 

771  24" 

160  * 

1S74 900  8" 

900  12" 

200  • 

1S75 880  6" 

740  8" 

2,340  12" 

1,104  16" 

300  40" 

260  • 

1S7(: 300  6" 

530  8" 

2,180  12" 

45  • 

1S77 75  4" 

3S5  6" 

540  12" 

1,200  48" 

910  12" 

2,200  48" 

140  • 

1S7S 470  6" 

180  8" 

910  12" 

60  16" 

4S0  30" 

50  * 

1S79 235  6" 

225  8" 

25  ♦ 

1880 600  6" 

220  10" 

475  12" 

20  • 

1880 4,700  48" 

100  • 

1881 20  4" 

310  C" 

140  8" 

625  12" 

50  16" 

25  30" 

60  » 

1882 15  4" 

415  6" 

440  12" 

370  16" 

80  • 

1883 30  4" 

300  6" 

370  S" 

000  12" 

60  16" 

420  24" 

90  30" 

SO  • 

1883 E-50  48" 

150  • 

1884 20  4" 

500  6" 

210  8" 

7.50  12" 

50  16" 

150  ♦ 

1885 20  4" 

520  6" 

425  8" 

865  12" 

120  16" 

900  24" 

1,920  30" 

100  • 

ISSi^ 25  4" 

650  6" 

270  8" 

370  10" 

700  12" 

70  « 

1887 30  4" 

600  6" 

r-OO  8" 

180  10" 

1.320  12" 

100 


COSTS  AT   BOSTON,    MASS. 
1896;     short    tons    from    1896    to    1917, 
inclusive.) 
Price 

Paul.  From  whom  purchased. 

$  78.40     R.  D.  Wood  &  Co. 

76.  li; 

74.67 

75.94 
112. UO 

71.00 

71.00 

71.00 

71.00 

52.00 

5-2.00 

52.00 

52.00 

53.00 

53.00 

53.00 

53.00 


S.   Fulton  &  Co. 


J.  W.   Starr 


50     J.   W.    Stan- 
57.50 

(r7.20  Gloucester  Iron  Works 
67.20 
63.30 
60.00 
60.00 
109.20 
51.00 
51.00 
51.00 
51.19 
52.00 
86.80 
45.00 
45.00 
72.80 
42.00 
42.00 
42.00 
42.00 
46.00 
89.60 

35.00  J.  W.  Starr 
35.00 
35.00 
56.00 
30.00 
30.00 
30.00 
27.00 


R.   D.   Wood   &   Co. 


J.  W.   Starr 


J.   W.    Starr 


J.  W.  Starr 


26.77 
26.47 
26.47 
26.47 
25.92 
43.65 
25.20 
2&.15 
42.00 
42.00 
33.15 
42.00 
56.00 
40.95 
80.00 
31.90 
31.90 
31.90 
31.90 
31.90 
31.90 
61.50 
39.00 
39.00 
39.00 
39.00 
■  59.00 
36.80 
36.80 
36.80 
36.80 
36.80 
3R.50 
36.50 
36. SO 
36.00 
70.00 
34.75 
34.75 
34.75 
34.75 
26.45 
58.80 
29  19 
29.19 
29.19 
29.19 
29.19 
26.46 
26.4.T 
53.20 
29.40 
29.40 
29.40 
29.40 
29.40 
29.19 
33.90 
23.09 
33.09 
33.09 
.'2.71 
29.40 


■U'arren  Fdry.  &  Mach.  W'ks. 


McNeal  Pipe  &  Fdry.   Co. 
J.  W.  Starr 


(small  sizes) 

Warren    Fdry.    &    Mach.    Co 
R.  D.  Wood  &  Co. 
McNeal  Pipe  &  Fdry.  Co. 


Camden   Iron   Works 


E.  D.  Wood   &  Co. 


McXeal    Pipe    &    Fdry.    Co. 


Donaldson    &   Thomas 


McXeal   Pipe   &  Fdry.   Co. 


R.   D.   Wood   &   Co. 


Gloucester   Iron   Works 


August  29,  l'J17. 
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Tear. 
1S87 

Ton- 
nage. 

35 

40 

Size. 
36" 

48" 

16" 
30" 

24" 
30" 

48" 

6" 
8" 
12" 

6" 
4" 
6" 
8" 
12" 
16" 
20" 

4" 
6" 
8" 
10" 
12"" 
24" 

6" 
8" 

lo;; 

4" 
6" 
12" 
24" 
30" 
48" 

12" 
4" 
6" 

8" 
10" 
12" 
16" 

4" 

6" 
8" 
16" 
24" 
36" 

4" 
6" 
8" 
10" 
12" 
16" 
20" 
24" 
30" 

10. 
12" 
36" 
42" 
48" 

10" 

12" 
4" 
6" 
8" 
36" 
42" 
48" 

36" 
30" 
40" 

12" 
16" 
20" 

4" 
6" 
6" 
10" 
16" 
20" 
24" 
30" 
40" 

4" 

36" 

8" 
10" 
12" 
16" 
24" 
30" 
36" 

6" 
12" 
20" 
30" 
36" 

Price 
paid. 
33.73 
33.75 

1SS7 '.'.'. '.'.'. 

150 

480 

800 

56.00 
30.6'.] 

100 

1.100 

170 

61.60 
35.00 
34.50 

450 

34  00 

80 

74.00 

ISSS 

1,000 

26,45 

550 

28.45 

1,400 

28.45- 

150 

57.00 

.    .      440 

28  91 

35 

28.43 

750 

28  31 

28.31 

300 

27  55 

27.55 

1,450 

27.40 

53.20 

ISOO    ... 

30 

30.34 
30.3.' 

.  .    .  .     45'0 

30  34 

100 

30.34 

600 

30  34 

900 

30.34 

150 

30  34 

100 

31.40 

350 

300 

31.40 

C50 

31  40 

100 

31.40 

1.S01 

30 

27.95 

750 

27.95 

1,300 

27.95 

200 

27.95 

1,100 

27.95 

150 

27.95 

150 

27  95 

1S!11 

1C92 

350 

20 

27.25- 
25.40 

. .    ..     600 
600 

25.40 
25.40 

100 

.'>5.40 

1,300 

300 

150 

25.40 
25.40 
50.40 

1893 

10 

COO 

25.94 
25.94 

400 

25.94 

100 

25.94 

090 

25.21 

1,100 

25.21 

isnt'.;;; 

ists 

. .    ..     150 
67 

25.60 
22.45 
22.45 
22.45 
22.45 
22.45 
22.45 
22. 4D 
22.45 
22.43 
22.45 
20  90 

SS7 

20.90 

67'i 

20.90 

2,232 

1,188 

20.90 
2n  00 

ISO 

42.00 

.     ...      218 

?S.6n 

1895 

22 

280 

21.60 
21.60 

798 

21.60 

680 

21.60 

2,264 

21.60 

1,394 

21.60 

.    205 

21.60 

1895 

169 

23.80 

ISSO 

100 

23.10 

..    ..       ■'6 

.'?..nn 

60 

5-0  40 

isgc 

1,600 

793 

19.80 
19.80 

083 

19.80 

...      56 

19.80 

1S9C 

20 

?n  2". 

. .    651 

20.25 

473 

20.25 

204 

20.25 

602 

13 

19.80 
19.80 

?M 

19.80 

18 

22.25 

ISflfi 

19 

50.40 

1897 

30 

395 

19.40 
18.40 

1897 

63 

18.60 

14 

62.50 

1897 

278 

51 

17.38 
17.38 

800 

17.38 

229 

17.38 

588 

497 

17.38 
17.38 

624 

17.38 

5-2 

17.38 

1897 

703 

555 

17.17 

17.17 

.    . .    .    621 

17.17 

507 

17.17 

632 

17.17 

1897.... 

90 

37.00 

Gloucester   Iron   W(>rks 
Camden    Iron    Worlds 

McNeal  Pipe  &  Fdry.  Co. 


R.   D.   Wood   &   Co. 


R.    D.    Wood    &    Co. 


R.    D.    Wood    &    Co. 


Gloucester  Iron   Works 
Radford   Pipe   &    Iron   Co. 


R.  D.  Wood  &  Co 


Warren  Fdiy.  A-  Machine  Co. 


McNeal    Pipe  &  Fdrj'.   Co. 
R.    D.   Wood   &  Co. 


R.    D.   Wood   &    Co. 


R.   D.   W^ood   &   Co. 


McXeal  Pipe  &  Fdry.   Co. 


R.   D.   Vv'ood    &   Co. 
Camden   Iron    Works 


McNeal  Pipe  &  F'dry.  Co. 


R.  D.  Wood  &  Co. 


Year. 
1897 

Ton- 
nage. 

15 

200 

Size. 

4" 

6" 

8" 

10" 

12" 

4" 

6" 

8" 

10" 

12" 

16" 

20" 

24" 

36" 

12" 

16" 

4" 

6" 

8" 

10" 

12" 

16" 

24" 

30" 

4" 
6" 
8" 
10" 
12" 
16" 
30" 

8" 
10" 
12" 
16" 

4" 

5» 
10" 
12" 
16" 
30" 
36" 

4" 

8" 
10" 
12" 
30" 
36" 
40" 

1" 
6" 
8" 
10" 
12" 
16" 
36" 
10" 
12" 
30" 
36" 

4" 
8" 
12" 
16" 
24" 
48" 

4" 

4" 
6" 
8" 
10" 
12" 
16" 
24" 
30'; 

4" 
6" 
8" 
10" 
12" 
16" 
30" 
36" 
48" 

4" 
6" 

8" 
10" 
12" 
16" 

4" 
8" 
12" 
16" 

4" 
6" 
8" 
10" 
12" 
24" 
30" 

4" 
6" 

Price 
paid. 
16.03 
16.03 
16.03 

1898 

19 

704 

16.75 
10  75 

506 

232 

1,380 

841 

16.75 
16.7) 

647 

10  75 

279 

73 

16.75- 
33  00 

189S 

1899'.  ■.■.'.■ 

713 

322 

20 

654 

17.60 
17.00 
16.70 

. .    . .    880 

16  70 

51 

2,455 

601 

332 

16.70 
16.70 
16  70 

410 

11 

33.00 

1900.    ... 

. .  .    .       14 

609 

507 

26.00 
26.00 
26.00 

150 

26.00 

1.000 

. .    . .     .502 

26.00 
26  00 

208 

26.00 

.    .         17 

44  00 

1900 

88 

96 

20.90 
20  90 

344 

20.90 

395 

20  90 

1901 

.       296 

?0  40 
20  40 

788 

20.40 

.    ..      480 

20  40 

1,643 

1.025 

20.40 
20.40 

830 

20.40 

27 

10 

20.40 
20.40 

1902 

10 

302 

304 

26.45 
26.45 
26.45 

503 

88    ■ 

26.45- 
26.45 

585 

26.45 

558 

17 

26.45 
49.00 

1903 

150 

29.70 

507 

346 

29.70 
29.7) 

1,233 

29.70 

. .    . .     454 

29.70 

16ff 

29.7-0 

1903 

.  .    .  .     34-1 

275 

358 

298 

27.40 
27.40 
27.40 
27.40 

15 

54.00 

1904 

10 

504 

907 

..    ..    127 
93 

22. .30 
22.30 
22.30 
22.30 
22.30 

136 

22.30 

153 

50.00 

1904 

10 

26.90 
55.00 

1905 

30 

51 

27.20 
26.20 

176 

..      .     288 

26.20 
25.20 

814 

25.20 

139 

152 

25.20 
24.70 

348 

24.70 

55 

52.5-0 

1906 

'..  ...       71 

.10  71 

30.70 

446 

30.70 

304 

1.088 

355 

98 

29.70 
29.70 
29.70 
28.70 

148 

28.70 

1,602 

92 

28.70 
57.50 

1907 

5 

....      76 

3^;  00 
35.00 

304 

198 

35.00 
34.00 

547 

34.00 

50 

34.00 

..      30 

60.00 

1908 

.5 
122 

24.50 
24.50 

42S 

24,25 

204 

14 

24.25 
50.00 

1909 

(7 
72 

£3.30 
23.30 

450 

23.30 

168 

23.30 

828 

23.30 

116 

23.00 

1,222 

23.60 

32 

50.00 

1910 

10 

60 

24.60 
24.60 

(5) 

Warren  Fdry.   &  Mach.  Co. 


Warren  F'dry.  &  Macli.  Co. 
Warren  Fdry.  &  Mach.  Co. 


Warren   Fdrj-.    &   Mach.    Co. 


U.   S.  C.  I.   Pipe  &  Fdry.  Co. 
U.   S.  C.  I.   Pipe  &  Fdry.   Co. 


U.  S.  C.  I.  Pipe  &  Fdry.  Co. 


U.  S.   C.   I.  Pipe  &  Fdry.   Co. 


Camden   Iron   Works 


U.   S.   C.  I.   Pipe  &  Fdrj'.  Co. 


U.   S.  C.  I.  Pipe  &  Fdry.  Co. 
U.  S.  C.  I.   Pipe  &  Fdry.  Co. 


U.   S.  C.  I.  Pipe  &  Fdry.  Co. 


U.   S.  C.   I.   Pipe  &  Fdry.   Co. 


Warren  Fdry.   &  Mach.  Co. 


Florence  Iron  Works. 
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Year. 

Ton- 
nige. 

Size. 

S" 

10" 

16" 

24" 

30" 

6" 
8" 
10" 
12" 
16" 
36" 

4" 
6" 
S" 
10" 
12" 
16" 

4" 
6" 
S" 
10" 
12" 
16" 
30" 

6" 
S" 
10" 
12" 
16" 
24" 
30" 

6" 
8" 

10" 

12" 

4" 

6" 

8" 
10" 
12" 
IC" 
24" 
30" 

4" 
8" 
4" 
6" 
8" 

io;_' 

30" 

4" 

6" 

8" 
10" 
12" 
16" 
30" 
40" 

Price 

paid. 
24.60 
24.60 
24.00 
50.00 
21.89 
21.89 
4C.75 
20.70 
20.70 
20.70 
20.70 
20.70 
20.70 
47.00 
20.95 
20.95 
20.95 
20.95 
20.95 
20.95 
50.95 
23.60 
23.60 
23.  eo 
23.60 
23.60 
23.60 
23.60 
50.00 
20.85 
20.S5 
20.85 
20.85 
20.85 
20.85 
20.85 
50.00 
21.M 
21.10 
21.10 
21.10 
55.00 
21.15 
20.95 
19. 9U 
19.40 
19.40 
19.40 
19.40 
18.85 
50. Oi) 
27.92 
23.87 
.S2.70 
29.24 
29.24 
29.24 
29.24 
28.24 
5-7.00 
48.50 
45.50 
45.50 
45.50 
44.50 
44.50 
44.50 
46.50 
85.00 

From  whom  purchased 

Florence  Iron   Woi'ks 

U.   S.   C.  I.  Pipe  &  Fdry. 

U.  S.   C.  I.  Pipe  &  Fdry. 

U.   S.  C.  I.  Pipe  &  Fdry. 

U.   S.  C.   I.  Pipe  &  Fdry. 

Florence   Iron  Works 
Standard  C.  I.  P.  &  Fdry. 

Standard  C.  T.  P.  &  Fdry. 
R.   D.   Wood   &   Co. 

.     147 

1910 

..      92 
. .    523 

25 

1911 

!    SSG 

Co 

. .    905 

..    672 

947 

1912 

..      32 

Co 

.  .     E43 

..     844 
.  .1.078 

. .     299 

..      29 

1913 

. .      30 

Co. 

. .    010 
. .    670 

.     S95 

80 

.  .       38 

19U 

.  .       50 
.     123 

Co. 

.  .     604 

.     995 

..1,006 
.    503 

.2.408 
.     3^0 

1911 

.      50 
.    800 

.1,04J 

.1,543 

.     199 

.       16 

49 

505 

191.3!;!!!.'.'; 

Co. 

.1,189 
.1,495 
.      99 
.     196 
.     303 
.     143 
.       26 
.     494 
.       52 
.     120 
.     500 
.     700 
.     591 
.     341 
.     141 
.       75 
.    100 
.     600 
.     700 
.    700 
.     200 
.      60 
.       40 
.     150 

1915 

Co 

1916 

1917 

•Specials. 

Cost  of  Electrical  Supplies  and  Equipment 

The  July  6  issue  of  The  Pretzel,  a  publication  of  the 
Reading  Transit  &  Light  Co.  of  Reading,  Pa.,  con- 
tains some  interesting  notes  on  the  prices  paid  by 
that  company  for  materials,  supplies  and  equipment. 

Rails  have  increased  100  per  cent  over  normal 
prices.  Today  they  are  quoted  at  $55  a  ton  for  deliv- 
ery a  year  hence  and  for  short  time  delivery  the  price 
is  $75  a  ton.  Two  years  ago  steel  rails  were  selling 
at  $38.20,  so  that  what  is  regarded  as  the  normal  price 
today  is  an  advance  of  44  per  cent.  There  is  an  even 
greater  advance  in  special  track  work  which  means 
curves,  switches  and  the  like,  the  increase  in  these 
materials  being  fully  200  per  cent. 

Copper  has  nearly  trebled  its  normal  price.  Cop- 
per trolley  wire  is  now  quoted  at  38  ct.  a  pound  com- 
pared with  17  ct.  in  1915.  Copper  feeder  cable  has 
advanced  from  18  ct.  to  34%  ct.  a  pound  in  the  same 
period.  !Motor  equipment  has  advanced  over  50  per 
cent.     Some  of  the  other  advances  follow: 

1915.  1917. 

Track    spikes     $2.15  per  100  lb.     $4.00  per  100  lb. 

Steel  trolley  poles $1.10  each  $2.10  each 

Track   plates    2V2C  lb.  10c  lb. 

Steel   iron  bars la^c   lb.  4^c  lb. 

Cotton  waste   9c  lb.  13c  lb 

Chestnut  ties    40c  each  60c  each 

Cement     $1.29    bbl.  $2.09    bbl. 

Gravel    1.25    ton  2.00    ton 

Crushed  stone   50c   ton  100    ton 


Trend  of  Wages  of  Common  Labor 
from  1906  to  1917 

The  trend  of  wages  of  common  labor,  taking  the 
country  as  a  whole,  has  been  steadily  upward  during 
the  last  decade.  This  fact  is  indicated  in  a  general 
way  by  the  accompanying  diagram,  which  shows  the 
average  rate  of  pay  during  the  period  1906-1916  in- 
clusive, for  common  labor  employed  on  paving  work 
in  various  sections  of  the  country.  The  figures  on 
which  the  curves  are  based  are  the  averages  of  the 
wage  rates  during  the  above  period  in  10  cities  in 
each  division.  The  rates  were  computed  on  the  basis 
of  an  8-hour  day. 

It  will  be  noted  that  the  lowest  scale  is  paid  in 
the  Southern  states,  where  negroes  form  the  bulk  of 


I9IZ      1913      im      1915     1916     1917 
Years 
Wage  Ccirves  on   Basis  of  8-Hour  Day. 

the  labor.  In  this  section  wages  were  as  low  as  10 
ct.  to  12^2  ct.  an  hour  in  1906.  The  highe-st  scale  is 
paid  in  the  Pacific  Coast  and  Rocky  !Mountain  States. 
Some  of  the  cities  in  the  mining  regions  were  pay- 
ing as  much  as  $3  per  8-hour  day  for  common  labor 
as  far  back  as  1909.  In  the  Middle  'West  cities  the 
wage  rates  increased  quite  rapidly  from  1910  to  1916, 
and  in  the  latter  year  they  reached  the  average  for 
the  North  Atlantic  cities. 

Not  only  has  the  rate  of  pay  for  common  labor  in- 
creased during  the  last  decade,  but  the  length  of  the 
working  day  has  decreased  until  at  the  present  time 
the  8-hour  day  is  standard  in  many  cities,  at  least 
for  public  work.  In  the  South,  however,  10  hours 
constitutes  a  working  day  in  most  localities,  and  in 
some  New  England  States  the  9-hour  day  is  still  quite 
common. 

Wages  of  common  labor  rose  rapidly  in  1914,  1915 
and  1916,  but  in  1917  there  was  an  advance  of  20  to 
30  per  cent  over  the  1916  figures. 
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Making  Better  Use  of  Existing  Freight  Cars. — Re- 
ports just  compiled  by  the  Railroads'  War  Board  in- 
dicate nation-wide  co-operation  on  the  part  of  ship- 
pers in  the  railroads'  campaign  to  make  better  use  of 
existing  freight  cars  in  order  to  be  able  the  better  to 
provide  the  increased  amount  of  freight  service  which 
the  necessities  of  the  war  have  called  for.  It  is  esti- 
mated from  these  reports  that  during  the  month  of 
July  savings  in  space  were  effected  by  the  shippers 
which  increased  the  number  of  cars  available  for 
freight  traffic  by  practically  120,000. 
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Trend  of  Structural  Steel  Prices  During  Past  Four  Years 


Curves  Showing  Cost  of  I-Beams,  Tees  and  Deck  Beams   on  First  of   Each  Month 

in  1914-1917 
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Prices    for    Railway     Equipment, 
Materials  and  Supplies 

The  accompanying  tabulation,  reprinted  from  a  re- 
cently issued  circular  of  the  Bureau  of  Railway  News 
and  Statistics,  shows  the  prices  paid  in  1906  and  in 
July,  1917,  by  one  of  the  large  western  railways  for 
equipment,  materials  and  supplies. 
pplICEs  paid  for  uaidway  eqt"ipiient.  materials  and 

SUPPLJES  IN'  inilT  AND  JULY,  1917. 

Increase, 

Equipment:                                                            1907.  1917.  percent. 

Heavy   freight   locomotives,    eacli. .  .$16,243.75       $47,081.88  189.8 

Passenger    locomotives     16,057.10  33,142.59  106.4 

S^-itcliing  locomotives,    each ....   11,857.71  20,05-2.62  69.1 

Fasseng-er  coaches,   each 7.330.00  9,506.00  29.7 

Baggag-e  cai-s,   each    4,820.82  7,573.10  57.1 

Box    cars,    each    815.67  1,104.09  35.4 

Stock  cars,   each    • 758.47  1,316.37  73. G 

Gondola    cars,    each    713.63  1,515.05  112.3 

Ore   cars,   each    714.02  1,235.20  73.0 

Track  Material: 

Angle  bars.  No.   80,  each .317  .52  64.0 

Track    bolts,    cwt 2.45     ■  3. 65  49.0 

Track    spikes,    cwt 1.90  2.90  5-2.6 

Spring   rail    frogs,    Nos.    80    and    85, 

cwt 39.00  62.72  60.8 

High   star  switch   stands,    cwt 10.35  13.50  30.4 

Low  star  switch  stands,  cwt 9.75  11.50  18.0 

Rail    braces,    cwt .12%  .25%  108.2 

Boat    spikes,    kegs 5.03  10.00  98.8 

Ellis  bumping  posts,  each 53.75  75.00  39.5 

Hand   car  wheels,    each 2.70  5.45  101.9 

Maintenance  of  Equipment  and  Repairs: 

Air-brake    repairs,    discount 25%  off  5-%  off  .... 

Journal      boxes,      4^x8      in.,      pass., 

each    2.20  2.85  29.6 

Locomotive    flues,    foot .16  .22  37.5 

Pig    copper,    lb .14  .32%  134.0 


Pig   lead,    lb 

Pig    tin,    lb 

Chain,   1  in.,  cwt 

Common   iron,   cwt 

Tank    steel,    cwt 

F'ire-box    steei.    cwt 

.Spring  steel,  cwt 

Gray   iron   castings,    N.    T 

Malleable  castings,    cwt 

Steel    castings,    cwt 

Journal    brasses,    lb 

Fire-bi'ick,    Queen    run,    M 

Fire    clay,    bbl 

Blacksmith  coal,   ton 

Coke,   ton    

Cruciijles,  No.  SO,  each 

Driving   axles,    cwt 

Driving    tires,    cwt 

Gas  engine  oil,  gal 

Wool    waste,    lb 

IH  in.  W.  I.  gas  pipe,  foot 

.\ir-brake  hose,  1%  in.  x  22  in.  each 

Chamois    skins,    kip 

Charcoal,    ton    

Station  and  Track   Supplies: 

Railroad    adzes,    each 

Claw    bars,    each 

No.   2  track  shovels,   doz 

Battery    coppers,    each 

Brooms,   doz 

No.  2  lamp  burners,  doz 

Keystone    seals    (lead).    M 

No.  2  lamp  chimneys,  doz 

Fuses.  10  minutes,  gross 

No.   2   claw  hatchets,   doz 

Water  pails,   doz 

Stove   pipe.    7   in.,   per  length 

Wheelbairows,     each     

Common    Avire    nails,    cwt 

15    in.    monkey    wrenches,    each.... 

IS    in.    pipe    wrenches,    each    

Wood   armchairs,    each 

White  lantern   globes,    doz 

•Decrease. 
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.07% 

.11% 

55.0 
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108.5 
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Market  Prices  of  Pig  Iron  and  Cast 

Iron  Pipe  F.  O.  B.  Chicago 

from  1900  to  1917 

The  accompanying  diagram  shows  the  ups  and 
downs  of  cast  iron  pipe  prices  during  the  past  17 
years.  The  diagram  was  prepared  by  Mr.  John  W. 
Alvord,  Consulting  Engineer,  Chicago,  from  the  aver- 
age prices  paid  in  Chicago  and  vicinity.  As  prepared 
by  Mr.  Alvord  the  curves  covered  the  period  1885  to 
1917,  but  owing  to  space  limitations  only  that  por- 
tion from  1900  on  is  reproduced  here.  The  4-in.  and 
16-in.  and  larger  pipe  quotations  are  based  on  prices 
in  the  Iron  Age  on  the  first  week  of  each  month.  The 
curve  showing  the  average  price  at  lettings  in  Chi- 
cago and  vicinity  is  based  on  reports  in  Engineering 
News.  The  quotations  for  Southern  Coke  No.  1  pig 
iron  are  taken  from  the  issue  of  the  Iron  Age  of  the 
first  week  of  each  month.  The  freight  rates  .for  pipe, 
carload  lots,  Birmingham  to  Chicago,  are  $5  per  ton. 

Nofe-Figures  ir-l:ca*e  Av^  Annual  Price  for  4'  Pipe         


entered  into  by  the  principal  contractor  which  involve 
labor  at  the  site. 

Definition  of  "Cost  of  the  Work." — The  items  of 
cost  included  under  the  term  "Cost  of  the  work,"  on 
which  the  percentages  named  in  the  contract  shall 
be  applied,  are  hereby  defined  as  follows: 

(a)  All  labor  and  material  applied  to  both  tempo- 
rary and  permament  construction,  exclusive  of  plant. 
Plant  is  hereby  defined  as  large  equipment  or  devices 
ordinarily  moved  from  place  to  place  and  usually 
available  on  the  completion  of  the  work  for  use  at 
tither  points.  Examples  of  items  included  under  the 
term    "plant"    are:      Derricks,     engines,    boilers,    air 


-—  iouthern  Coke  Nai  Pig  Iron  Quotation 
■  Average  Price  of  Lettings  In  Chicago  and  Vicinity 
- 16' ana  Large  Pipe  Quotations 


iM: 
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Market    Price    of    Pig    Iron    and    Cast    Iron    Pipe,    f.    o.    b.    Cliicago.   from   19C0  to   1917. 


The  figures  in  the  diagram  indicate  the  annual  price 
for  4-in.  pipe. 


Cost  Plus  Percentage  Contract  of 
Bureau  of  Yards  and  Docks 

The  Bureau  of  Yards  and  Docks,  U.  S.  Navy  De- 
partment, has  adopted  recently  a  new  form  of  con- 
tract involving  payment  on  the  basis  of  costs  plus 
percentage.  The  percentage  adopted  is  10  per  cent 
of  the  cost  of  that  portion  of  the  work  performed  by 
the  principal  contractor  and  5  per  cent  of 'the  cost  of 
that  portion  of  the  work  which  may  be  performed 
under  subcontracts,  the  latter  being  contracts  en- 
tered into  by  the  principal  contractor  which  involve 
labor  at  the  site  of  the  work.  This  form  of  contract 
will  be  used  only  when  the  emergency  is  such  that 
it  is  impossible,  either  on  account  of  lack  of  time  or 
for  other  reasons,  to  prepare  plans  and  specifications 
in  sufficient  detail  to  permit  the  taking  of  foi-mal 
bids  in  the  usual  manner.  Some  of  the  general  pro- 
visions of  the  new  form  of  contract,  abstracted  from 
the  July  issue  of  Public  Works  of  the  Navy,  follow: 

Percentage. — Unless  provision  is  made  in  the  con- 
tract to  the  contrary,  the  percentage  shall  be  10  per 
cent  of  the  cost  of  that  portion  of  the  work  performed 
by  the  contractor,  and  5  per  cent  of  the  cost  of  that 
Dortion  of  the  work  which  may  be  performed  under 
subcontracts,  subcontracts  being  defined  as  contracts 
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compressors,  air  locks,  concrete  mixers,  pumps, 
hoists,  power-driven  tools,  motors,  etc.  The  cost 
of  new  plant  purchased  by  the  contractor  for 
the  work  will  be  paid  for  on  the  basis  of 
the  purchase  price  less  the  appraised  value  of  the 
plant  at  the  time  of  completion  of  the  work,  such 
appraisal  to  be  made  by  the  officer  in  charge.  The 
Government  will  reserve  the  right  to  retain  such 
plant  for  Government  use,  in  which  case  the  full  pur- 
chase price  will  be  paid  by  the  Government  to  the 
contractor.  The  contractor's  commission  or  percent- 
age shall  not  be  applied  to  the  cost  of  plant.  In  case 
of  the  utilization  of  old  plant  belonging  to  the  con- 
tractor at  the  time  of  entering  into  the  contract  or 
.^^ecured  for  the  work  by  the  contractor  on  a  rental 
basis  the  Government  will  pay  to  the  contractor  the 
rental  price  for  such  plant,  the  rental  charge  to  be 
2':^  per  cent  per  month  of  the  estimated  cost  of  simi- 
lar new  plant. 

(b)  Loading  and  unloading  of  the  contractor's 
plant,  both  at  the  contractor's  yards  and  on  the  site 
of  the  work,  together  with  transportation  of  same  to 
and  from  the  work  provided  that  the  distance  from 
which  and  to  which  the  plant  shall  be  transported 
shall  be  subject  to  the  approval  of  the  officer  in 
charge. 

fc)  Transportation  to  and  from  the  site  of  the 
necessary  skilled  men  for  the  economical  and  efliicient 
prosecution  of  the  work.  The  necessity  for  such 
transportation  shall  be  determined  by  the  officer  in 
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charge.  Such  transportation  shall  not  involve  re- 
peated travel. 

(d)  Traveling  expenses  of  any  of  the  officers  or  en- 
gineers of  the  contractor  when  such  travel  is  neces- 
sary. 

The  necessity  for  such  transportation  shall  be  de- 
termined by  the  officer  in  charge. 

(e)  Salaries  of  resident  engineers,  superintendents, 
timekeepers,  clerks  and  other  employes  of  the  contrac- 
tor's local  office  at  the  site  of  the  work.  No  "over- 
head" e.xpenses  at  the  contractor's  principal  office  or 
salaries  of  engineers  or  officers  employed  at  the  prin- 
cipal office  shall  be  included  in  the  cost  of  the  work, 
nor  shall  the  salaries  of  officers  or  engineers  who 
may  visit  the  work  be  included   in  the  cost. 

(f)  All  necessary  expenses  of  the  contractor's  local 
office  at  the  site  of  the  work,  such  as  telegraph  and 
telephone   service,   expressage,   postage,   et9. 

(g)  Installation  and  dismantling  of  the  contractor's 
plant,  as  well  as  the  cost  of  necessary  repairs  and 
maintenance  of  same  while  employed  on  the  work, 
provided  that  such  repairs  and  maintenance  shall 
not  include  ordinary  wear  and  tear. 

(h)  All  hand  tools  and  supplies  necessary  for  the 
work.  Such  tools  and  supplies  shall  be  the  property 
of  the  Government  on  the  completion  of  the  work, 
or  the  same  may  be  removed  by  the  contractor  and 
allowance  made  therefor  at  an  agreed-upon  inven- 
tory value.  In  any  case  the  course  to  be  followed 
shall  be  subject  to  the  approval  of  the  officer  in 
charge. 

(i)  The  cost  of  liability  insurance  to  protect  both 
t.he  public  and  the  contractor  from  damage  due  to 
possible  injury  or  loss  incidental  to  the  work  and 
the  cost  of  actual  damages  in  excess  of  liability  insui'- 
ance;  but  no  percentage  shall  be  paid  on  such  excess 
cost.  Also  the  cost  of  fire  insurance,  in  case  the  same 
is  required  by  the  Government. 

(j)  Engineering  and  drafting  expenses  actually  in- 
curred in  connection  with  the  preparation  of  detail 
drawings,  in  case  such  drawings  shall  be  required 
by  the  Government.  Such  cost  shall  include  the  cost 
of  prints.  The  force  employed  and  the  charges  made 
for  such  drawings  shall  be  subject  to  the  approval 
of  the  officer  in  charge. 

(k)  The  cost  shall  include  the  cost  of  any  mate- 
rials bought  by  the  Government  for  the  work,  and 
the  cost  of  any  labor  performed  by  the  Government 
on  the  work,  with  the  following  exceptions:  The 
cost  of  such  work  performed  by  the  Government, 
upon  which  the  contractor  shall  receive  a  percentage, 
shall  not  include  work  that  may  be  performed  in  or 
on  the  work  after  the  completion  and  acceptance  of 
the  work  performed  by  the  contractor;  nor  shall  such 
cost  include  the  cost  of  surveys  and  inspection  per- 
formed by  the  Government,  nor  the  cost  of  electric 
power,  watei",  heat,  light  or  similar  service,  furnished 
by  the  Government. 

Contractor's  Organization. — The  contractor  will 
furnish  without  charge  other  than  the  commission  or 
fee  provided  for  in  the  contracts,  its  business  and 
purchasing  system,  engineering  skill  and  experi- 
ence, skilled  organization,  patented  rights,  and,  gen- 
erally, its  ability  to  organize  and  equip  the  work 
with  experienced  men. 
•  Monthly    Vouchers. — Receipted    bills    for    material 

purchased  for  the  work,  showing  that  payment  there- 
for has  actually  been  made  by  the  contractor,  shall 
be  submitted  monthly  to  the  local  officer  in  charge, 
who  will  examine  the  same  and  if  found  correct  will 
certify  as  to  their  correctness  on  their  face.     Such 


certified  bills  for  all  material  shall  accompany 
monthly  vouchers,  which  shall  be  forwarded  by  the 
officer  in  charge  for  payment  to  the  disbursing  office 
designated  as  the  disbursing  office  for  the  contract 
in  question.  The  officer  in  charge  will  also  certify 
to  the  correctness  of  all  pay  rolls  for  labor  applied 
to  the  job,  and  a  certified  copy  of  pay  rolls  concerned 
in  each  voucher  will  accompany  same.  All  bills  for 
materia!  and  pay  rolls  will  be  given  a  serial  num- 
ber or  other  identifying  designation,  and  the  pay 
vouchers  shall  bear  on  their  face  a  list  of 
the  bills  of  material  and  pay  rolls  which 
accompany  the  voucher.  Similarly  all  bills  of 
whatever  nature  for  which  payment  is  made  will  be 
certified  as  correct  by  the  officer  in  charge  and  will 
accompany  the  pay  vouchers.  The  monthly  voucher 
to  be  submitted  by  the  officer  in  chai-ge  will  also 
cover  the  agreed-upon  commission  or  fee  of  the  con- 
tractor. Paragraph  29  of  the  General  Provisions  is 
modified  in  that  no  reservation  of  10  per  cent  of  the 
cost  of  the  work  or  of  the  fee  is  to  be  deducted  from 
the  monthly  vouchers  prepared  by  the  officer  in 
charge.  The  vouchers  shall  be  submitted  for  ap- 
proval by  the  officer  in  charge  promptly  after  the  first 
of  each  month,  covering  the  work  done  during  the 
preceding  month.  Final  voucher  shall  be  prepared 
and  forwarded  for  approval  immediately  after  com- 
pletion and  acceptance  of  the  work. 

Facilities. — The  contractor  shall  afford  sufficient 
facilities  to  the  authorized  representatives  of  the 
Government  for  the  inspection  of  all  work,  materials, 
and  supplies,  and  of  all  accounts,  records  of  cost,  etc. 

Changes. — In  case  changes  are  directed  by  the  Gov- 
ernment, as  provided  in  paragraph  17  of  the  General 
Provisions,  and  should  such  changes  render  unsuit- 
able any  material  or  labor,  or  both,  already  furnished 
or  applied  to  the  work  by  the  contractor,  the  entire 
e?:pense  caused  to  the  contractor  thereby  shall  be  de- 
termined by  the  Government  and  the  contractor  shall 
be  reimbursed  for  such  actual  cost  to  him  plus  the 
percentage  charge  thereon. 

Employment  of  Labor. — The  officer  in  charge  will 
approve  the  purchase  of  all  materials  for  the  work 
previous  to  the  placing  of  orders  therefor  by  the  con- 
tractor, such  approval  to  refer  especially  to  the  con- 
templated prices  for  such  material.  The  interests 
of  the  Government  will  be  safeguarded  by  the  officer 
in  charge  by  ascertaining  that  the  contemplated 
prices  for  material  are  reasonable  and  that  the  con- 
tractor is  purchasing  to  the  best  advantage.  Simi- 
larly, in  the  employment  of  all  labor  under  the  con- 
tract, rates  of  pay  shall  be  subject  to  the  approval 
of  the  officer  in  charge,  and  only  such  pay  will  be 
authorized  by  him  as  is  considered  fair  and  equitable, 
and  established  as,  or  comparable  with,  prevailing 
rates  of  wages  paid  at  the  yard  or  station,  or  in  the 
vicinity  where  the  work  is  being  performed.  Rates 
of  pay  higher  than  those  prevailing  or  established 
in  the  vicinity  at  the  time  of  making  the  contract 
will  not  be  authorized  by  the  officer  in  charge,  ex- 
cept on  the  approval  of  the  Chief  of  Bureau  of  Yards 
and  Docks.  The  contractor  shall  employ  on  the  work 
no  citizen  of  nations  with  whom  the  United  States  is 
at  war,  nor  of  nations  allied  to  or  friendly  with  na- 
tions at  war  with  the  United  States.  Furthermore, 
the  officer  in  charge  shall  have  the  right  to  demand 
the  immediate  removal  of  any  individual  from  the 
work,  and  where  such  demand  is  made  the  individ- 
ual referred  to  shall  be  removed  from  the  work  and 
not  again  employed  thereon.     This  right  of  removal 
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shall   apply   to   all    work    done    by    the    contractor,  Labor   Legislation  of  1916 

whether  on  the  site  or  elsewhere. 

T,.   ,  .  ,           T            Tu            ^     „+ ci,„n    v,.,.,«    +v,o  Perhaps   the   most   striking   legislation    reproduced 

Eiijht-hour    Law. — The    contractor    shall    have    the  .     ,,                 ,       ,            r  i   i        i            ^  ^.u     n               ^ 

.   ,  f        J       iu           t      t.    i.     i„  ,  i„K«..  ,•„   ^^„^cc  in  the  annual  volume  of  labor  laws  of  the  Bureau  of 

right,  under  the  contract,  to  employ  labor  in  excess  r,.    .■  .■          i,-  u  u       ■     *.  u         •         j        -o   u 

/   .'    ,  ,                   J        ■         „      Jf  +1 „„„„„(-  „^„,.„  Labor  Statistics,  which  has  just  been  issued  as  Bulle- 

of  eight  hours  per  day,  in  view  of  the  present  emerg-  ,.     oio    •    iu       \    j^  n                   ^  v,i-  u-       o  u 

^       J...      ^        u          I             *.  •         „„„     «<•  ..;„v,+  tin  213,  IS  the  act  of  Congress  establishing  8  hours  as 

ency  conditions,  such  employment  in  excess  of  eight  ^      j     j         i    i       *              i                    ^-       ^     ■ 

,             ,                \     u         -J  /        +  +v,„  ,.„+„  ^f  .,^f  iooo  a  standard  work  dav  for  employes  operating  trains  on 

hours,  however,  to  be  paid  for  at  the  rate  ot  not  less  ,               .,        ,     •     •   ^      ^  .                           xt     i  ^     i^i.- 

'               1  1    ij?  i-  steam  railroads  in  interstate  commerce.    Next  to  this 

than  time  and  halt  time.  ,        ,        lii^j       li^i          ij-       j- 

niav  be  placed  the  federal  statute  excluding  from  in- 

Discounts.— The  contractor  shall  take  advantage  of  terstate  traffic  the  products  of  the  labor  of  children 

all  the  discounts  available,  and  the  cost  to  the  Gov-  en^pjo^ed  in  mines  or  quarries  under  the  age  of  16,  or 

ernment  shall  be  based  upon  the  actual  net  cost  to  ,^^  ^^jjj^^  canneries,  factories,  etc.,  under  the  age  of  14 

the  contractor  after  the  deduction  of  such  discounts.  ^.^^^.^.  ^^^  ^^^^.^  ^^  j^^^^.  ^^  children  under  16  years 

Fire  Insurance.  —  The  contractor  will  protect  of  age  must  not  exceed  8  per  day,  nor  may  such  chil- 
against  fire  loss  his  own  interests  as  distinct  from  ^iren  work  between  7  p.  m.  and  6  a.  m. 
risks  on  materials  purchased  and  work  performed  and  g^^^^  j^^^  affecting  the  employment  of  children  are 
paid  for  by  the  Government.  The  cost  of  any  fire  in-  ^^^^  strengthened,  as  in  South  Carolina,  where  the 
surance  taken  out  by  the  contractor  shall  be  consid-  ^^^  ^^^  employment  in  factories  is  raised  from  12  to 
ered  as  a  part  of  the  cost  of  the  work,  provided  such  -,4  ^^^^^^^  .^j^jf^  ^^  Maryland  the  14-year  limit  is  ex- 
insurance  is  approved  by  the  officer  in  charge  of  the  tended  to  practically  all  industries  except  canning 
'^^o^k-  and    packing.     Laws    regulating    the    employment    of 

ControL — The    contractor   shall    have   full    control,  women  are  comparatively  numerous   in   1916,   and  it 

under   the   direction   of  the   officer  in   charge,   of  all  ^lay  be  said  that  laws  affecting  women  and  children 

labor  employed  on  the  work  and,  subject  to  the  pro-  constitute  the  largest  single  group  of  laws  appearing 

visions  in  this  addendum,  shall  have  power  to  employ  jn  the  bulletin.    In  addition  to  statutes,  there  are  im- 

or  discharge  such  labor  as  the  contractor  may  deem  portant  orders  of  industrial  and  welfare  commissions 

necessary  to  the  economical  and  efficient  prosecution  fixing  wages  and  hours  for  these  classes  of  employes, 

of  the  work,  provided,  however,  that  the  rates  of  pay  and    regulating   the    conditions    of    employment    gen- 

of  such  labor  shall  be  subject  to  the  approval  of  the  erally.     Of    special  interest  is  a  rule  issued  by  the 

officer  in  charge.  Oregon    Industrial    Welfare    Commission    fixing    the 

Subcontracts. — Previous   to   entry   into   any   sub-  hours  of  labor,  minimum  wages,  and  learning  periods 

contract  for  any  portion  of  the  work,  the  contractor  of  women  and  minors,  including  males  up  to  18  years, 

shall  secure  proposals  for  the  work  in  question  arid  in  a  wide  range  of  employments 

submit  the  same  to  the  officer  in  charge  for  his  ap-  -phe  effect  of  federal  legislation  on  State  action  is 
proval.  Upon  approval  by  the  officer  in  charge,  the  apparent  in  the  enactment  of  liability  laws  for  rail- 
contractor  shall  prepare  agreements  with  the  sub-  road  employes  in  South  Carolina  and  Virginia,  which 
contractors  and  superintend  the  furnishing  of  all  follow  in  large  degree  the  pattern  of  the  federal 
labor  and  material  as  may  be  required  by  the  said  statute  on  the  subject.  Most  of  the  States  of  the 
agreements.  Union  have  compensation  laws,  reproduced  up  to  the 

Cancellation  of  Contract. — Should  the  services  ren-  end  of  the  year  191G  in  Bulletin  No.  203  of  the  Bureau 

dered  or  work  performed  by  the  contractor  prove  at  of  Labor  Statistics.    A  few  States  retain  the  liability 

any   time    unsatisfactory   to   the    Government,    either  doctrine,  and  the  action  of  South  Carolina  and  Vir- 

because  of  insufficient  diligence  in  the  prosecution  of  ginia  tends  at  least  to  harmonize  Federal  and  State 

the  work,  or  on  account  of  excessive  cost  of  the  work,  practice,  though  not  coming  up  to  the  compensation 

or  other  reason,  the  Government  shall  be  at  liberty,  standards  generally  accepted. 

after  giving  ten   (10)   days'  written  notice  to  the  con-  .^j^^   j^^^  ^^  ^  requirement  of  artisans  of  certain 

tractor,  to  terminate  the  contract,  and  in  that  event,  ,]asses  to  secure  licenses  continues  to  spread,   laws 

the  Government  shall  pay  to  the  contractor  the  cost  ^^^  ^j^j^    ^j^^^    relating   to   barbers,    plumbers,    horse- 

of  the  work  up  to  such  date  not  already  paid  for,  plus  gj^^ers,   chauffeurs,   electricians,   and   moving  picture 

its  commission,  as  herein  provided.    Upon  such  pay-  rnachine   operators   having  been   enacted    during   the 

ments   being   made   by   the   Government  to   the   con-  ^.^^^._     ,pjjg   physical   conditions   of   employment   also 

tractor,  the  contract  shall  be  terminated.  received  attention  in  the  enactment  of  a  number  of 

Bond.— The  contractor  shall  furnish  a  bond  in  a  regulations  affecting  factories  and  mines;  while  the 
penal  sum  of  5  per  cent  of  the  estimated  total  cost  of  ^.ettlement  of  labor  disputes  is  the  subject  of  an  act 
the  work,  guaranteeing  the  faithful  performance  of  ^j-  ^^^  South  Carolina  legislature.  The  latter  act  pro- 
the  contract  and  the  prompt  payment  to  all  persons  yj^jgg  for  arbitration  on  request,  and  gives  a  board 
supplying  labor  and  material  in  the  prosecution  of  ^^  conciliation  power  to  make  investigations  on  its 
the  work.  If  the  above  bond  shall  involve  any  cost,  ^^^^.^^  motion,  with  compulsory  attendance  of  wit- 
such  cost  shall  be  borne  by  the  contractor,  and  no  ,-,ggggg_  including  the  production  of  books  and  docu- 
part  of  the  cost  of  the  bond  shall  be  included  as  a  j^g^ts-  a  report  may  be  published  if  a  majority  of 
part  of  the  cost  of  the  work.    A  personal  surety  bond  ^^^  ^^^^.^  approve. 

will  be  accepted  provided  the  same  is  furnished  by 

two  satisfactory  individual  sureties.  p^.^^^  ^^  Horses  and  Mules.— The  average  prices 

,     f  .V     T-   •+  ^  a+  ,   ^  cjv,;„  paid  by  the  Government  during  the  fiscal  year  ending 

According  to  a  statement  of  the  United  States  Ship-  ^^^  ^^^^^^  ^^^  ^^^^^  ^^^  ^^^  ^^^  ^f 

ping  Board  433  ships  of  a  total  tonnage  of  1,919  200  ^^^    ^^^     ^^^^   ^^   ^^^^^^^^ 

are  now  under  contract,  and  452  ships  of  a  total  ton-      _^^^^^^^_  ^^^  ^^^^^^  ^^^^^^ 

nage  of  2,968,000  are  ready  to  be  contracted  for  when     Artniefy  and  draft  horses i|4.53 

funds    are    available.      In    addition    negotiations    are  ^-[,'™|"i;or^s'^^s^?^'r  trafningat'p'erma^^^ 

under  way  for  237  ships  of  a  total  tonnage  of  t^!^ '^^'^^■[- y :--::::- :::::::y,::\:\:::\\::::  ^% 

1  281  400.  ''ack  and   riding  mules 148.44 
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Contractors'  Figures  on  Construction  Undertakings  in  Various  Sections  of  the 

United  States 


state  Highway  Construction  in  California. 

The  accompanying  tabulation  is  a  summary  of  the 
unit  bids  on  the  principal  items  involved  in  the  con- 
struction of  sections  of  State  highway  in  California. 
The  bids  on  the  first  six  jobs  were  opened  by  the 
California  Highway  Commission  on  .June  25;  bids  on 
Jobs  7  and  8  were  received  on  July  16;  and  the  bids 
on  Jobs  9  and  10  were  received  on  Aug.  6. 

Job  1  covers  Section  C,  of  Route  7,  Division  III,  and 
is  located  in  Yolo  County.  The  bidders  in  the  order 
of  bids  given  in  the  table  were:  C.  H.  &  A.  W.  Gor- 
rill,  San  Francisco;  A.  Tiechert  &  Sons,  Sacramento, 
and  Palmer  &  McBryde,  San  Francisco.  On  this  job 
the  State  furnishes  pipe  railing,  reinforced  steel,  wire 
mesh  reinforcement,  corrugated  metal  pipe,  Portland 
cement,    sand   and    coarse    aggregate. 


cement,  sand  and  coarse  aggregate,  drain  tile  and 
broken  stone,  $72,016. 

Job  5  covers  Section  A  of  Route  5,  Division  IV,  in 
Alameda  County.  The  bidders  on  this  work  were  C. 
H.  &  A.  W.  Gorrill,  San  Francisco;  Palmer  &  Mc- 
Bryde, San  Francisco;  P.  H.  Hoare,  Oakland;  Bates, 
Borland  &  Ayes,  Oakland,  and  J.  P.  Holland,  San 
Francisco.  For  this  job  the  State  furnishes  rein- 
forcing steel,  cement,  wire  mesh  reinforcement,  sand 
and  gravel,  corrugated  metal  pipe. 

Job  6  covers  Sections  A  and  B  of  Route  4,  Division 
VI,  Tulare  County.  Five  bids  were  received,  the  bid- 
ders being  Lynn  S.  Atkinson,  Jr.,  Los  Angeles;  Geo. 
S.  Benson  &  Sons,  Los  Angeles;  T.  E.  Shafer,  Los 
Angeles;  Johnson-Shea  Co.,  Oakland,  and  Leigh  G. 
Garnsey,  Los  Angeles.     The  State  furnishes  the  pipe 


BIDDING    PRICES    ON    EXCAVATION    .VND    CONCRETE    FOR    ST.\TE  HIGHWAY 

Excavation  Without  Classification. 

Joli  1.  Job  2.  Job  3.         Job  4.  Job  5. 

Cubic   yards                aO.SOO  44,S00  22,000         40,000  52.000 

Engineer's   estimate    SO.fiO  $0.50  J0.45           $0.75  $0.60 

Bicfder  No.  1 SO  .      .70  .80             1.05  .90 

Bidder  No.  2 Go  .62  .7.')               .90  .(jd 

Bidder  No.  3 75  .^rO  ....             ....  .90 

Bidder  No.  4 ....  -lO  ....              ....  .66 

Bidder  No.  5 -OO             .75 

Concrete,  Class    A,   Culverts  and   Monuments. 

Cubic  ynrds  3.^0  470  45              .320  200 

Eneineer's   estimate    $10.00  $10.00  $10.00         $10.00  $10.00 

Bidder  No    1 12.50  15.00  15.00             9.62  15.00 

Bidder  No'  2               M-OO  14.00  12.50           12.50  13.00 

Biddli^So:!-:;.:;: 15.00  15.00  10.00 

Bidder  No.  4 , 13-00  12.J.0 

Bidder  No.  5 la-00  11.00 

Concrete,  Class  A,  Pavement. 

Cubic  vr  rds                      1 0.550  S.745  10.71 0         10,300  3,500 

Engineer's   estimate    $3.25  $3.25-  $3.80           $4.00  S3.75 

Bidder  No    1 3.80  3.81  4.00            4.43  4.00 

Bidder  No    2       440  3.92  5.40            5.40  4.00 

Bidder  No.  3 4-00  4.10  3.95 

Bi.Ider  No.  4 -ilO  ....             ....  3.80 

Bidder  No.  5 I^O  ....             ....  3.85 

Wire  Mesh  lieinforcement  (per  100  sq.  ft.) 

Sciuare  feet               303.000             152,000         90.000  

Engineer's   estimate    $0.10  ....  $0.10           $0.10 

Biddeo-  No.  1 -S-"'  ■•■■  -50              .30 

Bidder  No.  2 60  ....  .30              .20 

Bidder  No.  3 30  1.00 

Bidder  No.  4 ■■■■  ....             l-OO 

Bidder  No.  5 ••■■  ••••               -17^4 

Guard   r.ail. 

Lineal   feet            1.700  850  l.OOn             S.OOO 

KnL'Ineor's   estimate    $0.40  $0.40  $0.40             ....  $0.35 

BiSler  No.  1 45  .75  ,50             ,,,.  .50 

Bidder  No.  2 40  .60  .50             ....  .50 

Bidder  No.  3 5-0  .70  ....             ....  .40 

Bidder  No.  4 100  ....             ....  .35 

Bidiler  No.  5 .SO             .50 


CONSTRUCTION  IN  CALIFORNIA. 


Job  6. 

Job  7. 

Job  8. 

13,.-)00 

66,100 

50,000 

$0.52 

$0.40 

$0.30 

.60 

.60 

.45 

.65 

.50 

.50 

.77 

.35 

.75 

.70 

30 

290 

130 

$10.00 

$13.50 

$13.50 

15.00 

16.00 

15.00 

15.00 

15.00 

10.00 

14.00 

15.00 

15.00 

15.00 

i;.300 

11,300 

13,S20 

$3.2& 

$5.00 

$5.00 

4.60 

S.40 

8.75 

3.90 

9.00 

8.50 

4.00 

5.72 

4.30 

7.000 
$0.45 


Job  10. 

8,450 
$0.55 


$3.50 

$3.50 

4.15 

6.39 

4.15 

3.90 

3.82 

3.82 

C.04 

4.15 

4.40 

90,000 

30,000 

$0.10 

$0.10 

Job  2  covers  Section  B  of  Route  4,  Division  VI,  in 
Tulare  County.  The  bidders  were  L.  G.  Garnsey,  Los 
Angeles,  Cal.;  T.  S.  Shafer.  Los  Angeles;  Johnson  & 
Shea  Co.,  Oakland,  Cal.;  M.  T.  Shafer,  Los  Angeles; 
Lynn  S.  Atkinson,  Jr.,  Los  Angeles,  Cal.  The  State 
furnishes  steel  reinforcement,  cement,  broken  stone, 
sand,  corrugated  metal  pipe. 

Job  3  covers  Section  C  of  Route  2,  Division  V,  in 
Monterey  County.  The  bidders  were  Palmer  &  Mc- 
Bryde, San  Francisco,  and  Tieslau  Bros.,  San  Fran- 
cisco. On  this  contract  the  State  furnishes  corru- 
gated metal  pipe,  pipe  railing  for  culverts,  reinforcing 
steel,  Portland  cement,  sand  and  coarse  aggregate. 

Job  4  covers  Section  B  of  Route  8,  Division  IV, 
in  Napa  County.  The  only  bidders  were  Worswick 
Construction  Co.,  Vallejo,  and  Tieslau  Bros.  The 
State  furnishes  pipe  railing,  reinforcing  steel,  wire 
mesh  reinforcement,  corrugated  metal  pipe,  Portland 


railing,  reinforcing  steel,  corrugated  metal  pipe,  Port- 
land cement,  sand  and  coarse  aggregate. 

Job  7  covers  Section  E  of  Route  23,  Division  VII,  in 
Los  Angeles  County.  The  bidders  were  Richard  Roth- 
well,  Los  Angeles,  and  A.  L.  McCray,  Los  Angeles. 
The  State  furnishes  the  steel,  cement  and  corrugated 
pipe  for  this  job. 

Job  8  covers  Section  D  of  Route  23,  Division  VII, 
Los  Angeles  County.  The  three  bidders  were  A.  L. 
McCray,  Richard  Rothwell  and  Tyron  &  Brain,  Los 
Angeles.  For  this  job  the  State  furnishes  pipe  rail- 
ing, reinforced  steel,  corrugated  metal  pipe,  Portland 
cement. 

Job  9  covers  Section  F  of  Route  2,  Division  V,  Santa 
Barbara  County.  The  bidders  were  Charles  D.  Tomp- 
kins, Los  Angeles;  Flinn  &  Treacy,  San  Francisco; 
Tryon  &  Brain,  and  Lynn  S.  Atkinson,  Jr.    The  State 
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furnishes  the  wire  mesh  reinforcement,  Portland  ce- 
ment, sand  and  coarse  aggregate. 

Job  10  covers  Sections  G  of  Route  2,  Division  V, 
Santa  Barbara  County.  There  were  five  bids  on  this 
work,  the  bidders  being  Lyman  S.  Atkinson,  Jr., 
Cooper  Contracting  Co.,  Los  Angeles;  Tyron  &  Brain, 
Los  Angeles;  Flinn  &  Treacy,  Chas.  D.  Tompkins. 
The  Portland  cement,  sand,  broken  stone  and  wire 
mesh  reinforcement  were  furnished  by  the  State. 


Bituminous  Macadam  Roads  in  Jefferson  County, 
Arkansas. 

Bids  were  opened  June  20  at  Pine  Bluff,  Ark.,  by 
the  Commissioners  of  Road  Improvement  District  No. 
14  of  Jefferson  County,  Arkansas,  for  the  construction 
of  39  miles  of  bituminous  macadam  roads,  of  which 
fibout  16  miles  will  have  surfaced  width  of  12  ft.  and 
the  remainder  a  width  of  10  ft.  Humphreys  &  Tovey, 
Pine  Bluff,  Ark.,  are  the  engineers  for  the  district. 

The  contract  for  furnishing  the  crushed  stone  and 
screenings  was  awarded  to  the  Big  Rock,  Stone  & 
Construction  Co.,  Argenta,  Ark.,  at  the  following 
bids:  Rock,  48,016  cu.  yd.  at  96  ct.  f.  o.  b.  cars  at 
plant;  screenings,  1,714  cu.  yd.  at  96  ct.  f.  o.  b.  cars 
at  plant.  The  freight  and  switching  charges  on  the 
rock  and  screenings  amounted  to  67.5  ct.  additional 
per  cubic  yard.  The  contract  for  furnishing  the  as- 
phalt was  let  to  Sam  E.  &  C.  J.  Finley,  Atlanta,  Ga.,  at 
the  following  bid:  34,880  gal.  at  6.46  ct.  delivered 
at  Pine  Bluff,  Ark.,  245,080  gal.  at  6.63  ct.  delivered  at 
Sherrill  and  Tucker,  Ark.,  and  28,550  gal.  at  7.15  ct. 
delivered  at  Ferda,  Ark.  The  Barber  Asphalt  Co.,  at 
14.5  ct.  per  gal.,  was  the  only  other  bidder  for  fur- 
nishing the  asphalt.  Sam  E.  &  C.  J.  Finley  were 
awarded  the  contract  at  6.5  ct.  per  gal.  for  applying 
the  asphalt;  the  other  bidders  on  this  particular  item 
were:  J.  A.  Perdue  &  Co.,  6  ct. ;  N.  B.  Gregory,  5  ct. ; 
Ralph  P.  Taylor,  6  ct. 

The  unit  prices  on  the  main  features  of  the  work 
were  as  follows:  (1)  Standing  for  bid  of  Wilson 
Construction  Co.,  Little  Rock.  (2)  C.  E.  Philpot,  Pine 
Bluff.  (3)  E.  A.  Henslee,  Pine  Bluff.  (4)  J.  A.  Per- 
due &  Co.,  Pine  Bluff  (awarded  contract).  (5)  N.  B. 
Gregory,  Texarkana,  Ark.  (6)  Ralph  P.  Taylor,  Tex- 
arkana. 


Earth  Road  Construction  for  Parmer  County,  Texas. 

Bids  were  opened  May  31  at  Farwell,  Tex.,  by  the 
Commissioner  of  Parmer  County,  for  the  construction 
of  38  miles  of  earth  roads,  including  reinforced  con- 
crete bridges  and  culverts.  The  contract  was  let  to 
0.  C.  McElrath,  Gilmer,  Tex.,  at  the  following  bid: 

■SuIUl    rock    excavating,    per   cu.    yd $  1.00 

Louse  rock   e.xcavatioii,  per  cu.   yd 25 

Kresno    eaith    excavation.    80,000    cu.    yd.,    per   cu.    yd 14 

Crowning-,    shaping    aJid    rolling,    2,000    100-ft.    stations,    per 

100    ft 2. BO 

Concrete,  550  cu.   yd.: 

Class    X    per    cu.    yd 17.00 

Class  A  per  cu.   yd 10.00 

Class    B    per  cu.    yd 15.00 

Reiiiforcing   steel   in   place,   40,000  lb.,   per  lb 0(7 

T.  E.  Huffman  is  County  Highway  Engineer. 


Rapid  Transit  Contract,  Philadelphia. 

The  Keystone  State  Construction  Co.,  Philadelphia, 
was  the  only  bidder  July  24  for  Contract  No.  528, 
calling  for  work  in  connection  with  the  new  rapid 
transit  scheme  of  that  city.  The  work  involved  the 
construction  of  track  floor,  floor  drains  and  foot  walks 
in  Front  St.,  Kensington  Ave.  and  Frankford  Ave., 
from  Callowhill  St.  to  Dyer  St.  The  bidding  prices 
follow: 

Work  as  shown  on  plans,   lump  sum JSOO, 000.00 

Class  B,  1:2:4  concrete,  in  floor.  200  cu.  yd.,  per  cu.  yd.  20.00 

Footwalk  slabs.   2,000   sq.    ft.,   per  sq.    ft .60 

Steel  reinforcing  rods,  20,000  lb.,  per  lb .08 

Structural   steel  work.    20,000    lb.,    per   lb .20 

Bolls,  clamps,   nuts,  washers,   etc.,  20.000  lb.,    per  lb .20 

Iron    castings,    20,000    lb.,    per    lb .20 

Force  account.   $2,000,   per  cent  added 30% 

Aggregate  of  bid   $909,400  00 


Concrete  Walks  and  Curbs  at  Niagara  Falls,  Ont. 

The  city  of  Niagara  Falls,  Ont.,  W.  C.  Jepson,  City 
Engineer,  opened  bids  July  19  for  constructing  about 
22,000  sq.  ft.  of  concrete  walk  and  4,550  ft.  of  curb. 
The  bidding  prices  were  as  follows: 

Corlractor.  Per  Sq.  Ft.  of  Walk.  Per  Lin.  Ft.  of  Curb. 

Cts.  Cts. 

V.    C .    Thomas*    19  24 

Cook   &   Murray   22%  23% 

L.    Sacco    23  24 

*. Awarded    contract. 

Specifications  call  for  foundation  course  of  4-in, 
of  gravel  or  soft  coal  cinders;  base  course  31,2-in. 
concrete,  1  part  cement  to  6  parts  gravel;  wearing 
surface,  1  in.,  1  part  cement  to  2'/2  parts  screened 
sand.  Body  of  curb  same  as  base  course,  curb  6  in. 
by  15  in.,  wearing  surface  IV2  in.  thick  carried  down 
8  in.     Price  per  lineal  foot  of  curb  is  in  addition  to 


BIDS   RECFIVKD  JUNE   20  AT   PINE   BLUFF,    ARK..    FOR   CONSTRUCTING  39  MILES 

JEFFERSON  COUNTY,  ARKANSAS. 

(1)  (2) 

Clearing  and  grubbing,   41  acres    J125.00             $110.00 

Earth  excavation.*   144,250  cu.   yd 0.275                 0.23 

Fence   moving.    25    miles    128.00  64.00 

Hauling  and   placing  corrugated   Iron   culverts:t 

12-in.    diameter,    1,2.S9    lin.    n 0.10                   0.15 

IS-in.    diameter,    1,248    lin.    ft 0.10                  0.20 

24-in.    diameter.    1,072    lin.    ft 0.12                   0.25 

30-in.    diameter.       672    lin.    ft 0.12                   0.30 

Hauling,  .Spreading,  Rolling  and  Finishing  Crushed  Stone:t 

0  to  1  mile  haiu,  S,232  cu.  yd 0.S5                   0..S0 

1  to  2  mile  haul,  7,262  cu.  yd 1.15                   1.10 

2  to  3  mile  haul.  5,484  cu.  yd 1.45                   1.40 

3  to  4  mile  haul.   3.651  cu.  yd 1 .75                   1.70 

4  to  5  mile  haul,  3,651  cu.  yd 2.00                  2.00 

5  to  6  mile  haul,  4,774  cu.  yd 2  25                   2  30 

6  to  7  mile  haul.  5,211  cu.  yd 2.55                   2.60 

7  to  8  mile  haul,  4,724  cu.  yd 2.85                   2.90 

8  to  9  mile  haul.  3.405  cu.  yd 3.20                   3.20 

9  to  10  mile  haul.  1,622  cu.  yd 3.60                   3.50 

Hauling  and  Applying  Screenings: 

0  to  1  mile  haul,  294  cu.  yd n  .So                   0  SO 

1  to  2  mile  haul,  259  cu.  vd ....  1  15                   1.10 

2  to .3  mile  haul,  196  cu.  yd 1.45                   1.40 

3  to  4  mile  haul,  130  cu.  yd 1.75                   1.70 

4  to  5  mile  haul.  130  cu.  yd 2.00                   2.00 

5  to  6  mile  haul.  170  cu.  yd 3.25                   2.30 

6  to  7  mile  haul.  1S6  cu.  yd 2.55                   2  60 

7  to  8  mile  haul.  169  cu.  yd 2.85                   2.90 

8  to  9  mile  haul,  122  cu.  yd 3.20                   3.20 

9  to  10  mile  haul,  58  cu.  yd .3.60                   3.50 

Spreading    earth    binders.    247.000    sq.    yd 0.20  0.0125 

Totals    $192,147           $136,282           ! 

•Free  haul,  1,000  ft.     fCounty  furnishes  culverts,     tl  cu.  yd.  rock  weighs  2,300  lb. 

(12)         i 


OF  BITUMINOUS  M.\CADAM  ROADS  IN 
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price  per  square  foot  of  walk  where  walk  and  curb 
are  combined. 


Earth    Road    Construction    for    McCormick    County, 
South  Carolina. 

The  McCormick  County  Highway  Commission,  for 
which  M.  E.  Worrell  is  Engineer,  opened  proposals 
July  19  for  road  construction.  The  work  was  divided 
into  four  sections  and  bids  were  asked  on  each  of 
these  separately  and  on  all  sections  as  a  whole.  No 
bids  were  received  on  Section  B,  embracing  Roads 
Nos.  2  and  3.  The  conditions  relating  to  the  various 
items  on  which  bids  were  asked  included  the  follow- 
ing: 

Clearing  and  Grubbing — Medium  work;  only  acre- 
age actually  cleared  and  grubbed  to  be  measured. 

Earth  Excavation — Paid  for  as  "one  way";  free 
haul,  500  ft.;  overhall,  2  ct.  per  cu.  yd.  sta. ;  material 
very  good — clay  and  sandy  loam;  average,  4,000  to 
5,000  cu.  yd.  per  mile. 

Solid  Rock — Slate  and  shale  in  almost  vertical 
strata;  mean  to  shoot;  light  cuts. 

Grader  Work— Class  A,  28  ft.  wide;  Class  B,  26  ft. 
wide.  No  longitudinal  movement  of  materials — 
merely  crowning  and  ditching. 

Concrete — U.  S.  O.  P.  R.  specifications;  long  haul 
on  sand;  rock  probably  have  to  be  shipped  in  on  Sec. 
D  at  cost  $3.50  f.  o.  b.  cars  siding  per  cubic  yard. 

Steel  for  reinforcing  concrete  to  be  furnished  and 
placed  by  contractor. 

Lumber  for  repairs  of  present  bridges. 

Vitrified  Clay — No.  1  double  strength,  furnished  by 
contractor. 

Corrugated  Metal — 2-oz.  spelter,  99.7  per  cent  pur- 
ity, furnished  by  contractor. 

Concrete  Pipe — To  be  furnished  by  county.  Price 
given  is  for  hauling  and  laying  only.  , 

Guard  Railing — Oak  or  cedar  posts,  8  ft.  c.  to  c; 
two  2x6  wooden  rails;  one  coat  paint. 

Top  Soil  and  Gravel— 1,000  ft.  free  haul ;  1  ct.  over- 
haul per  cubic  yard,  sta.;  measured  in  place  com- 
pacted.    If  measured  loose,  33' l-   per  cent  deducted. 

The  unit  prices  were  as  follows,  (1)  standing  for 
bid  of  J.  C.  Brown,  Montgomery,  Ala.,  (2)  for  C.  C. 
Jordan,  Wadesboro,  N.  C,  (3)  R.  G.  Hill  &  Co.,  King- 
ston, N.  C,  (4)  S.  E.  Lee  Construction  Co.,  Emporia, 
Va.,  (5)  Alexander  &  Milford,  Greenwood,  S.  C.  (6) 
R.  L.  Peters  &  Bros.,  Knoxville,  Tenn.,  (7)  Bennett 
&  Maloney,  Chattanooga,  Tenn.,  (8)  Piatt  &  Ross, 
Greensboro,  N.  C. 

BIDS  RECEIVED   JV 


Items. 
Clearing  and  grubbing,  acs. 

Earth  excv.,  cu.  yd 

Solid  rock  excv,,  cu,  yd 

Grader  worlt,  ClassA,  miles 
Grader  work,  ClassB,  miies 
Concrete,  Class  A,  cu.  yd.. 
Concrete,  Class  B,  cu.  yd. 
Concrete,  Class  C,  cu.  yd.. 
Concrete  hand  rail,  cu.  yd. . 

Steel,   lb 

Lumber,  B.  M.,  1,000  ft 

12"  vit.  clay  culv.  pipe,  1.  ft. 
1.")"  vit.  clav  culv.  pipe,  1.  ft- 
18"  vit.  clay  culv.  pipe,  1.  ft 
24"  vit.  clay  culv.  pipe.  1.  ft. 
12"  cor.  met.  culv.  pipe,  l.ft. 
l.v"  cor.  met.  culv.  pipe,  l.ft. 
IS"  cor.  met.  culv.  pipe,  l.ft. 
24"  cor  net.  culv.  pipe,  l.ft. 
12"  cone.  culv.  pipe,  Vm.  ft. 
15"  cone.  culv.  pipe,  Im.  ft. 
IS"  cone.  culv.  pipe,  lin.  ft. 
SO"  cone.  culv.  pipe,  lin.  ft. 
24"  cone.  culv.  pipe,  lin.  ft. 

Guard  railing,   lir.   ft 

Top  and  soil  gravel,  cu.  yd. 
•Cost  plus  10%.     tCost 


Sewer  Construction,  Tulsa,  Okla. 

Bids  were  opened  July  23,  by  the  city  of  Tulsa, 
Okla.,  H.  H.  Wyss,  City  Engineer,  for  three  small  con- 
tracts for  constructing  sewers.  The  work  is  to  be 
paid  for  in  cash.  The  bidding  prices  on  this  work 
were  as  follows,  (1)  standing  for  engineer's  estimate, 
^2)  for  bid  of  C.  0.  &  H.  Frye,  (.3)  Carl  Pleasant,  (4) 
Plummer  Adams  Co.: 

Sub-Main    for    Hillcrest    Add.— Through    Wakefield. 

Quantities—                                                (1)  (2)  (3)  (4) 

1.092  lin.   ft.  S-in.  con.  sewer  pipe $0.40  $0.40  $0.40  $0.36 

42.J  cu.  yd.   earth  excavation   0.65  0.55  0.65  0.03 

2f.5  cu.    yd.    shale    excavation     1.75  1.50  1.70  1.63 

i;0  cu.    yd.    ruck    excavation    3.30  2.S0  3.25  3.45 

3  manholes  under  12  ft 55.00  55.00  55.00  52.00 

Sub-Main    for    Hillcrest    Add. — East    of    Lewis. 

l.-'iOl  lin.  ft.   12-in.  con.  sewer  pipe   ...   $0.65  $0.65  $0.64  $0.58 

721  cu.    yd.    earth    excavation    0.65  0.55  0.03  0.63 

431  cu.    yd.    shale    excavation    1.75  1.50  1.70  1.63 

286  cu.    yd.    rock   excavation    3.30  2. SO  3.25  3.45 

5  manholes    under  12   ft 55.00  55.00  55,00  52.00 

1  manhole   over    12    ft SO.OO  60.00  60.00  52.00 

Sub-llam    for    Hillcrest    Add. — Rockford  to    Zunis. 

3,600  Hn.    ft.   12-in.   con.    sewer   pipe    . .   $0.65  $0.65  $0.63  $0.58 

940  cu.    yd.    earth    excavation    0.65  0.55  0.64  0.63 

470  cu.    yd.    shale    excavation    1.75^  1.50  1.70  1.63 

940  cu.    yd.    rock    excavation    3.30  2.S0  3.25  3.45 

12  manholes    under    12    ft 55.00  55.00  55.00  52.00 

1  manhole    connection     5.00  3.00  5.00  5.00 

1  cu.    yd.    concrete    creek    cross S.OO  8.00  8.00  8.E0 


Stone-Concrete  Substructure  for  Breakwater,  Buffalo 
Harbor,  N.  Y. 

There  were  only  two  bidders  July  10  for  construct- 
ing a  stone-concrete  substructure  on  the  breakwater 
at  Buffalo  Harbor,  N.  Y.,  for  the  U.  S.  Government. 
The  unit  bids  on  this  work  were  as  follows,  (1)  stand- 
ing for  bid  of  Coast  &  Lakes  Contracting  Corp.,  25 
Broad  St.,  New  York  City,  (2)  for  Empire  Engineer- 
ing Co.,  Inc.,  Buffalo,  N.  Y. 

(1)  (2) 

Kemoving  old  superstructure,  805  lin.  ft $30.00  fl8.25 

( ■api)ing  stone,  27,400  short  tons 6.00  5.20 

Rubole  stone,  2,100  short  tons 2.00  1.30 

.Mass  concrete,   2,010  cu,  yd 10.00  S.OU 

Total    $212,850     $175,981 


Levee  Construction  for  Third  Mississippi  River  Dis- 
trict. 

Bids  were  opened  July  11  by  the  Mississippi  River 
Commission,  Third  District,  Vicksburg,  Miss.,  for 
constructing  about  1,265,00  cu.  yd.  of  levee,  of  which 
50,000  cu.  yd.  is  riverside  enlargement,  35,000  cu.  yd. 
banquette  and  the  remainder  new  work.  The  new 
levee  will  be  constructed  along  the  Arkansas  River 
below  Yancopin,  Ark.  The  Hercules  Co.,  Ltd.,  New 
Orleans,  La.,  at  23.3  ct.  per  cubic  yard,  and  Roach, 
Stansell  &  Co.,  Memphis,  Tenn.,  at  29.8  ct.  per  cubic 
yard,  were  the  only  bidders.  The  low  bid  was  ac- 
cepted. 
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Concrete  Bridge  for  Newcastle  County,   Delaware. 

The  following  bids  were  received  July  31  by  James 
Wilson,  County  Engineer,  Wilmington,  Del.,  for  con- 
struction of  a  concrete  bridge;  (1)  bid  of  A.  S.  Reed 
&  Bro.,   (2)  I.  J.  Hollingsworth: 

(1)  (2) 

]2-iri.    I    beams    in    place,    per    lb W.ufiV4  $0.0). 

Stagger    rods    in    place,    per    lb 08  .10 

Wire    reinforcement    in    place,    per    sq.    ft 08^  .00 

Concrete  in  place,   per  cu.   yd 9.00  20.00 

Pointed    rubble   masonry,    per    cu.    yd 9.00  15.00 

Dashed  rubble  masonry,  per  cu.  yd 7.00  14.00 

Excavation,    per  cu.    yd 2.25  1.20 


Total    to 


iplete    work    J3,279 


$3,100 


Concrete  Arch  Dam  for  City  of  New  Brunswick,  N.  J. 

Bids  were  opened  July  17,  by  the  Department  of 
Public  Affairs  of  New  Brunswick,  N.  J.,  of  which 
Asher  Atkinson  is  City  Engineer,  for  the  construction 
of  concrete  arch  dam  across  Weston's  Mill  Pond,  near 
the  city  pumping  station.  The  dam  will  be  built  in 
water  having  a  maximum  depth  of  about  19  ft.  The 
itemized  bidding  prices  on  this  work  were  as  follows, 
(1)  standing  for  bid  of  F.  W.  Schweers,  Jr.,  Co.,  New 
York  City,  (2)  C.  R.  Simpson,  New  York  City,  (3) 
Cadmus  Construction  Co.,  New  York  City,  (4)  Sub- 
structure Co.,  New  York,  (5)  B.  G.  Coon  Construc- 
tion Co.,  Luzerne,  Pa.  (awarded  contract),  (6)  T.  H. 
Riddle,  New  Brunswick,  N.  J.,  and  (7)  Utility  Con- 
struction Co. : 

BIDS  RECEIVED  JULY  17  BY  NEW  BRUNSWICK,  N.  J.,  FOR 
CONSTRUCTING   CONCRETE   DAM. 

Items.  (1)  (2)  (3)  (4)  (5)  (6)  (7) 

Wet     excavation, 

360   cu.   yd $2.00      $3.00      $4.00      $2.60      $4.00      $2. .50      $2.2." 

Dry       excavation, 

100  cu.   yd 1.50        1.47        2.00        1.00        l.CO        2.50        2.7r, 

Rock     excavation, 

100     cu.    yd 5.50        0.S3        li.OO        3.35        5.00        3.25        3.50 

I''iain         concrete, 

1.120    13.50       12.85       12.00       11.20      11.00       14.05      14.50 

Reinforcing  bars, 

2,000    lb 08  .10  .10  .0!)  .12  .10  .00 

Sluice  gates,  3...  COO.OO  43G.00  500.00  450.00  200.00  350.00  300.0ii 
Cofferdam       and 

pumping    8,000    10,177    27.000    19,863      8,300      6,250      6,010 

Grand     total $20,824  $28,298  $44,380  $35,308  $23,500  $25,383  $24,765 


Pumping  Station  Foundations  in  Passaic  Valley   (N. 
J.)   Intercepting  Sewer. 

Bids  were  opened  by  the  Passaic  Valley  Sewerage 
Commissioners,  Newark,  N.  J.,  on  June  26  for  the  con- 
.-^truction  of  foundations  and  connections  for  the  Yan- 
tacaw  pumping  station,  and  on  July  10  for  similar 
work  for  the  Wellington  pumping  station.  The  bid- 
ding prices  on  the  first  mentioned  station  are  shown 
in  the  accompanying  tabulation,  (1)  standing  for 
Cadmus  Construction  Co.,  Inc.,  New  York;  (2)  Harri- 
.'•.on  &  Daly,  New  York;  (3)  O'Gara  Construction  Co., 
Newark,  N.  J.;  (4)  Louis  L.  Brown  Co.,  Inc.,  New 
York;  (5)  J.  F.  Shanley  Co.,  Newark,  N.  J.  The  bid- 
ders on  the  Wallington  station  work  were:  (1)  Culp 
Co.,  Inc.,  Paterson,  N.  J.;  (2)  Linde  &  Griffith  Co., 
Newark,  N.  J.;  (3)  Louis  L.  Brown  Co.,  Inc.,  New 
York;   (4)  Carrington  Construction  Co.,  Passaic,  N.  J. 


Y.VXT.VCAW    PU.MPIXG 


(1) 


F.arth  excavation  and  re- 
fill.ng  in  trench  foi-  24-in. 
concrete  se«rer.  460  lin.  ft. 

Earth  excavation  for  foun- 
dations for  i)umping  sta- 
tion, suction  sewer,  etc., 
lump     53,000 

lioclv  excavation  in  open  ex- 
cavation,   50    cu.    yd 

Concrete  masonry.  Class  A, 
1:2;4,    250    cu.    yd 

Concrete  masonry.  Class  B, 
1:2V2:5.    1,350    cu.    yd 

Brick  masonry  with  P.  C. 
mortar,   30   cu.   yd 

Riprap  in  place,  2,500  long 
tons    

IS  in.  c.  i.  pipes  and  specials, 

valves,   et«.,   lump    

iber  piles  in  place,  20,000 


(2) 


$i;0   $40.70  $37.00  $45.00  $40.00 


13.000 

13.194 

31,000 

10,500 

22,000 

3 

8 

5 

4.50 

C 

13.50 

17.45 

13.00 

17.90 

13.50 

0.00 

15.70 

11.00 

9.25 

10.00 

15.00 

30.00 

30.00 

22.80 

30.00 

4.00 

3.SS 

3.00 

4.95 

4.50 

4,000 

3,678 

3,000 

3,540 

4,500 

lin.  ft. 


.Steel  for  reinforcement,  floor 
frames,  etc.,  in  place,  70,- 
000    lb 

Broken  stone  road  surfacing 
complete.  300  sq.   yd 

Ventilating:  ducts  and 
drains,     lump     

Tide  gates,  openings  30  in.  x 
30  in..  1  set  of  2  gates, 
lump   


.40 


1,200 


642 


800 


738 


1.50 
550 

200 


(2) 


(3) 


(4) 


$3,350       $3,700       $4,500 


Totals     $126,475  $113,352  $96,720  $^3,914  $93,675 

WALLINGTON    PUMPING    ST.^TION   FOUNDATIONS    AND 
CONNECTIONS. 
(1) 

Earth  excavation  and  refilling,  in 
trench,  for  54-in.  cone,  sewer 
and  for  3G'-in.  cone,  seweir,  lump     $8,37; 

Earth  excav.  for  foundations  for 
pum.ping  sta..  coal  house,  suc- 
tion   sewer,    etc.,    lump    66,298 

Rock  excavation,  in  open  exca- 
vations,  50   cu.    yd 

Concrete  masonry.  Class  A,  1;2:4. 
5-00    cu.    yd 

Concrete  masonry.  Class  B, 
1:214:5.    3,S0O   cu.    yd 

Brick  masonry  witli  F'.  C.  mor- 
tar,   30    cu.    yd 

Riprap,    in    place,    1,500    long    tons 

C.     I.     pipes    and    specials,    gate 
lives,    meter.      wall      castings. 


56,298 

40,950 

16,100 

27,500 

.01 

3.00 

5.00 

5.00 

15.00 

9.00 

16.50 

11.00 

5.00 

8.50 

11.25 

8.50 

20.00 
1.00 

25.00 
2.50 

27.00 
4.60 

24.00 
3.25 

etc 


lun 


of 


piles,     for       support 

masonrv     structures,     in     place, 

12.000    lin.    ft 

Steel      for      reinforcement.       floor 

frames,  etc.,  in  place,  2(i0,000  lb. 
Broken     stone       road       surfacing, 

Cijmplete.    800    sq.    yd 

Ventilating    ducts      and       surface 

drains    complete,    lump     

Tide   gates,    for   openings    4S"x4S", 

one  set  of  two  gates,  lump.. 
Cobble    .stone    gutters,     complete, 

150  sq.  yd 

Earth     filling    for    grading    about 

pumping  station.  2,000  cu.  jd... 
Timber     bulkhead,     complete     and 

in    place,    lump    


9.200       11,900       12,030         0.400 


Concrete  Road  Construction  for  Dallas  County,  Texas. 

Bids  for  the  construction  of  39,468  sq.  yd.  of  rein- 
forced concrete  pavement  on  the  Dallas-Fort  Worth 
Pike  and  the  Dallas-Coppell  Road  of  the  County  Im- 
proved Road  System  were  opened  June  25  at  Dallas, 
Tex.,  by  J.  F.  Witt,  County  Engineer.  The  pavement 
was  to  be  laid  on  a  flat  sub-grade,  the  average  thick- 
ness of  the  surface  being  S^/t  in.  at  the  edges  and  7% 
in.  at  the  center.  The  county  furnishes  cement  to 
the  contractor.  Team  haul  to  the  work  for  this  ma- 
terial was  about  2  miles.  Screened  gravel  cost  $1.35 
per  cu.  yd.  f.  o.  b.  job,  and  screened  sand  also  cost  $1.35 
f.  o.  b.  job.  Chico  stone  cost  $1.70  per  cu.  yd.  f.  o.  b. 
cars,  Dallas.  The  price  for  Knippa  trap  rock  was 
$4.08  per  cu.  yd.  f.  o.  b.  cars,  Dallas.  The  team  haul 
for  rock  was  1%  miles.  Common  labor  at  the  time 
bids  were  taken  was  $2  per  day  and  teams  with  driv- 
ers were  $4  per  day.  The  reinforcement  for  the  pave- 
ment was  30  lb.  per  100  ft.  The  unit  bids  on  the 
work  were  as  follows,  (1)  standing  for  bid  of  Vibro- 
lithic  Construction  Co.,  Dallas  (awarded  contract), 
(2)  M.  C.  Hurley,  (3)  Southern  Paving  Co.,  (4)  Bram- 
ley  Lanken  Paving  Co.,  (5)  Healy  Construction  Co.. 
(6)  H.  K.  McCollum,  (7)  J.  F.  &  J.  B.  Wills: 

BIDS  RECEIVED  JUNE  25  AT  DALLAS,   TEX..   FOR   REINFORCED    CONCRETE    PAVEMETSTT    FOR    COUNTY     ROAD     SYSTEM, 
Item'  Quantity.  (1)  (2)  i3)  (4)  (5)  (6)  (7> 

Concrete  pavement,  1  cotirse,  sq.  yd 39.46S 

.Steel  reinforcement,  per  sq.  yd C.OOO 

Scarifying  and   shaping   full   crown    width,    linear   foot 18,360 

Guide  posts  in  place,   per  post 220 

Wood  headers,   per  linear  foot 800 

Concrete  pavement,  2-course  M.  W.  or  Chico  stone , 39,468 

Concrete  pavement.  2-course  trap  rock 39.468 

•Vibrolithic  Construction  Co. — 1-course  pavement  at  $0,93.  with   Tarred  s 
face  $1.02.    County  furnishes  all  cement  free  to  contractor.      rC  =  Chico  crushed  stone.    *tKnippa  trap  rocli 

(14) 


.08 

.075 

.085 

.07 

i.r.0 

L.'^-O 

1.80 

1.40 

750 

920 

1,070 

950 

soc 

950 

1,100 

800 

.75 

2.00 

1.60 

2.50 

1.00 

.50 

.50 

1.10 

,200 

11.450 

10,910 

10,400 

Totals 


51,330  $137,770  $134,650  $124,490 


• 

$1.27 

$0.87 

$1.14 

$1.12 

$0.74         $0.74 

$0.13 

0.40 

-fio% 

-fl0% 

0.15 

0.19           0.20 

0.00 

0.20 

0.19 

0.12 

0.15 

0.07           0.12 

2.60 

4.80 

2.50 

0  95 

2.50 

1.50           1.80 

0.24 

0.15 

0.15 

0.10 

0.12           0.16 

.  * 

0.24 

0.04t 

1.21 

1.22t 

0.86t         0.961 

• 

1.00*t 

1.35't 

0.97*t 

ice  $0 

.99;  2-C01 

urse  pav< 

sment  at 

$0.06.   w 

ith  tarred  sur- 

August  3.'.  Vn7. 
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Sanitary  Sewers  for  Centerburg,  O. 

Bids  were  opened  Aug.  13  by  the  village  of  Center- 
burg, 0.,  for  labor  and  material  for  constructing 
about  5,700  lin.  ft.  of  6-in.  sewer.  The  Richards  En- 
gineering Co.,  Columbus,  0.,  are  the  Consulting  En- 
gineers. The  soil  was  of  the  average  condition.  Pipe 
is  in  3-ft.  lengths,  with  deep  and  wide  sockets.  The 
only  bidders  were  Wm.  H.  Ralston,  Mt.  Vernon,  O., 
end  Blinn  &  Graham,  Mt.  Vernon.  The  contract  was 
awarded  to  the  first  mentioned  contractor.  The  unit 
prices  were  as  follows,  (1)  standing  for  bid  of  Ral- 
ston, and  (2)  for  bid  of  Blinn  &  Graham: 

(1)  (2) 

C-in.  sewer.  4   to   6    ft.    deep,    265    lin.    tt SO.Go  $0.50 

6-in.    sewer.  6    to   8  ft.    deep.   4.110   lin.    ft 93  1.00 

6-in.  sewer,  S  to  10  ft.   deep,   COS-  lin.   ft 1.10  1.20 

6-in.  sewer,  10   to   12   ft.    deep.    215   lin.    ft 1.45  1.70 

C-in.  sewer,  12  to  14  ft,  deep,  225  lin.  ft l.CO  2.00 

6-in.  sewer,  14  to  15  ft.  deep,  250  lin.  ft l.SO  2.50 

S-in.  sewer.  4  to  6   ft.  deep,   55   lin.   ft 75  .70 

8-in.  sewer,  6  to  S  ft.   deep,   260  lin.   ft 1.03  1.10 

8-in.  sewer,  S   to  10  ft.   deep.   220   '.'n.   ft 1.20  1.40 

S-in.  sewer,  10    to   12   ft.    deep.    165    l.n.    ft 1.50  1.90 

S-in.  sewer.  12  to  14  ft.  deep.  300  lin.  ft 1.90  2.20 

S-in.  -sewer.  14   to  15   ft.   deep,    65   lin.  ft 1.90  2.80 

C-in.  single  Y   in   place,   27 SO  .80 

6-in.  double   Y    in   place,    4.S SO  .80 

6-in.  4&"    elbow    in    place,    14 80  .80 

8-in.    X   6-in.   x   6-in.   Y   in    place,    10 1.25  1.10 

S-in.     X  6-in.  x  C-in.  double  Y  in  place,  7 1.25  1.10 

S-in.     X  6-in.  double  Y  in  place,  8 1.25  1.10 

C-in.  riser    pipe,    43    lin.    ft 30  .30 

Standard  manhole,  6  to  .S  ft.  deep,  11 45.00  50.00 

.Standard   manhole,  8  to  10  ft.  deep,   1 60.00  60.00 

Standard  manhole.  10  to  12  ft.  deep,  1 CO.OO  70.00 

Standard  r.ianhole.  14  to  15  ft.  deep,  1 90.00  80.00 

Drop  manhole,  C  to  7  ft.  deep,  1 45.00  60.00 

Drop  manhole,  12  to  13  fl.  deep.  1 70.00  100.00 

Drop  manhole.   14   to   15  ft.    deep,   1 S5.00  110.00 

Standard   flush  tank,  8  to  9  ft.  deep.  1 85.00  90.00 

Combined  F.  T.  &  M.  H.,  7  to  .S  ft..  1 85.00  140.00 


State  Highway  in  Washington. 

Bids  were  opened  June  2.5  by  the  State  Highway 
Commission  at  Olympia,  Wash.,  for  the  construction 
of  9,400  ft.  of  the  Inland  Empire  Highway,  the  sec- 
tion extending  west  from  the  Idaho  State  line  in 
Whitman  County.  The  unit  bids  on  this  work  were 
as  follows,  (1)  standing  for  Dan  Crevling,  Walla 
Walla,  Wash.,  (2)  for  Spokane  Asphalt  Macadam  Pav- 
ing Co.,  Spokane,  Wash.,  (3)  for  G.  L.  Stickler,  Pull- 
man, Wash.,  and  (4)  for  Mitchell  Bros.,  Spokane, 
Wash. : 

Item  and   Quantity.  (1)  (2)  (3)  (4) 

Common  excavation,  incl.  haul  of  400 

ft.,   17,340  cu.  yd $0.2S       $0.29       $0.25       $0.22 

Loose    rock    excavaticn.    incl.    haul    of 

40n  ft.,  l.'J90  cu.   yd 60  .60  .5-0  .55 

Solid    rod!    excavation,    incl.    haul    of 

400  ft.,   3,300  cu.   yd 1.40         1.20         1.25         1.18 

Overhaul    on    any   of   above    material, 

per  each  100  ft.,  4,7&0  cu.  y'd 04  .02  .01^4       .02 

Concrete,   first  class,   4.9   cu.   yd 25.00       23.00       19.00       22.00 

Concrete,  second  class,  14.7  ou.  yd 23.00       21.00       18.00       20.00 

Steel   reinforcing   bars   in   place,   4,110 

lb .11  .10  .11  .10 

Plain  concrete  pipe  in  place,  12"  dia., 

36  lin.    ft 1.75         l.CO  .85         1.20 

Reinforced  concrete  pipe  in  place,  18" 

dia.,  lis  lin.  ft 2.20         2.75         1.85         3.20 

Remfcrced  concrete  pipe  in  place,  24" 

dia.,   122  lin.  ft 3.90         4.00         2.85         4.00 

Reinforced  concrete  pipe  in  place,  30" 

dia.,  30  lin.  ft 5.00         5.00         3.50         5.00 

Gravel  or  crushed  rock  in  place,  28.50 

cu     yd 1.90         2.30         2.00         2,20 

Totals    $1S.S79  $19,330  $17,270  $17,854 


Bituminous  Macadam  for  Jackson  County,  Missouri. 

Bids  were  opened  June  22  at  Independence,  Mo., 
by  the  Commissioners  of  Jackson  County,  Missouri, 
0.  C.  Sheeley,  County  Surveyor,  for  the  construction 
of  35,600  sq.  yd.  of  bituminous  macadam  wearing  sur- 
face on  the  Independence  Road.  The  unit  prices  on 
this  work  were  as  follows: 

Per  sq.  yd 

J.   Jaicks   &   Co $0.90 

Chapman  Construction  Co 99 

Mclnerney    1.25 

McTernan-Halpin    99% 

Wm.  Dwver   89* 

J.    Sutherland 97>^ 

•Recomnicndod  for  accejJtance. 

The  above  prices  are  on  bituminous  macadam, 
using  the  best  quality  of  Horse  Shoe  Brand  Asphaltic 
Cement  or  its  equal. 


Reinforced  Concrete  Pavement  at  Jenkins,  Ky. 

Bids  were  opened  July  24  by  the  city  of  Jenkins, 
Ky.,  L.  B.  Ablott,  City  Engineer,  for  street  paving, 
the  contract  being  awarded  to  the  Phelps-Post-Guyn 
Co.,  Lexington,  Ky.,  at  the  following  bid: 

Earth    excavation,    per  cu.    yd ^Sri! 

Rock   excavation,    per   cu.    yd 3.50 

Reinforced   concrete   pavement,   4,000  sq.    yd.,   per  sq.   yd 2.2o 

Manholes,   2    oO.OO 

Curb   inlets   and   catchbasins,   10 ""-x? 

Curb  "B,"  per  lin.   ft gj/ 

Curb  "C,"   per  lin.   ft jO 

Concrete  sidewalk.  10,900  sq.  ft.,  per  sq.  ft 17 

Macadam   roadway,    1.550  sq.    yd.,   per  sq,   yd 60 

10-in.  storm  sewer,  135  lin.  ft.,  per  lin.  ft .9o 

12-in.  storm  sewer,  700  lin.  ft.,  per  lin.  ft 1.05 

IS-in.  storm  sewer,  310  lin.  ft.,  per  lin.  ft 1.3a 

The  work  involves  about  2,450  cu.  yd.  of  excavation. 
The  concrete  pavement  will  be  a  1:2:3  mix  and  will 
have  3,750  lin.  ft.  of  integral  curb.  The  city  will  fur- 
nish rock  without  cost  in  the  natural  deposit.  The 
work  will  require  the  quarrying  and  crushing  of 
j'bout  1,200  cu.  yd.  of  limestone  rock. 


State  Highway,  California.  Vitrified  Tile  Sewers,  Gary,  Ind. 

Bids  were  opened  Aug.  20  at  Sacramento,  Cal.,  by  Bids  were  opened  June  25  by  the  city  of  Gary,  Ind., 

the  State  Highway  Commission  for  the  construction  .for   constructing   two   short   lengths   of   vitrified   tile 

of  Section    C,   of   Route   3,   Division   II,   of  the   state  .sewer.     The  work  was  in  sand  and  the  average  cut 

highway  system  in  Shasta  County.     For  this  job  the  was  12.4  ft.    On  both  .jobs  water  will  be  encountered, 

state    furnishes    the    pipe    railing,    reinforcing    steel,  The  unit  bid  on  local  sewer  67,  requiring  1,084  lin.  ft. 

Portland    cement,    fencing    material    and    corrugated  of  i2-in.  vitrified  tile,  was  as  follows:     John  Hamil- 

pipe.     The   bidding   prices   are   given    in  the   accom-  ton,  $2.30;  James  Gamble,  $2.20.     On  local  sewer  68, 

panying  tabulation,    (1)    standing   for  engineer's   es-  requiring  590  lin.  ft.  of  12-in.  vitrified  tile,  John  Ham- 

timate,    (2)   for  bid  of  Frederick  Rolandi,  San  Fran-  nton  bid  $2.35  per  lineal  foot.    Bids  were  opened  July 

Cisco,  (3)  Richard  Rothwell,  Los  Angeles,  (4)  Palmer  30  on  two  other  local   sewer  jobs.     On   local   sewer 

&  McBryde,  San   Francisco,    (5)    Robert   Sherer,   Los  Nq.  69,  requiring  1.264  ft.  12-in.  vitrified  tile,  the  bids 

Angeles,   (6)   Bechtel,  Quayle  &  Fontaine,  San  Fran-  were:  M.  W.  Holben,  $1.70;  John  Apostol,  $1.85;  John 

Cisco,  (7)  J.  F.  Fitspatrick,  Sacramento,  (8)  Municipal  Hamilton,  $1.85,  and  James  Gamble,  $1.87. 

Improvement  Co.,  Richmond,  Cal.:  .^ — 

BIDS  RECEIVED  AUG.   20  BY  CALIFORNI.V  STATE  HIGHR-AY  COMMISSION  FOR    SECTION  OF   ROAD  IN    SHASTA   COUNTY. 

(1)  (2)  (3)  (4)  (5)  16)  (7)  (S) 

F..xcavat;on  without  classificaticn,   151,000  cu.   yd $     0.70  $  0.S2  $1.00  $0.80  $0.77  $0.91  $0.75  $1.1-1 

12-in.  corr.  metal  pipe.  2.010  lin.   ft .CO  .60  .60  .80  .50  ..0  .65  1.00 

IS-in.   corr.   mctai  pipe,    1.700   lin.   tt 75  .80  ..o-  .90  .50  .85  .90  1.2n 

24-in.   corr.   metal  pipe.  900  lin.  ft 90  1.00  .90  1.00  .50  1.00  1.15  l.jO 

Portland   cement  concrete,    Class   "A"    (Cul.),   1,500  cu.   yd.    ...         15.00  16.00  16,00  li.oO  18., a  li.OO  16.00  15.00 

Portland  cement  concrete.   Class   "C,"   100  cu.  yd 10.00  15.00  16.00  17.50  16.00  15. »0  12.00  l-.OO 

Rubble   masomv.   750  cu.   vd 6.00  5.00  .S.OO  10.00  10.00  8.00  7.00  10.00 

Dry  rubble  masonry    300  cu    vd 5.00  4.00  6.00  S.OO  4.50  6.00  5.00  „,600 

New    property    fences.    1.5    miles    IT.vOO  300.00  200.00  175.00  2.50.00  210.00  200.00  2,250.00 

Moving  and  resetting  property  fences,  1.5  miles    17.-.00  300.00  200.00  200.00  300.00  2S0.00  200.00  2,500.00 

fJSllS,,^s^6i5°l^^''\::--:-;:;:::::;:::;;;:;::. •::::•::;     T^      iTo      i.Z     Vol      S      1:11     'IT.      IT 
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Sanitary  Sewers,  Frankfort,  111. 

Bids  were  opened  June  27  for  constructing  sanitary 
sev/ers  for  the  village  of  West  Frankfort,  111.,  for  which 
P.  B.  Wilson,  Marion,  111.,  is  the  Engineer.  The  unit 
prices  on  this  work  are  shown  in  the  accompanying 
tabulation,  (1)  standing  for  bid  of  Keeley  Bros.,  East 
St.  Louis,  111.;  (2)  J.  E.  &  B.  S.  Grain,  Murphysboro, 
111.;  (3)  Hoeffken  Bros.,  Belleville,  111.;  (4j  Dunlap- 
Dippold  Co.,  Edwardsville,  111.;  (5)  Katz  Construc- 
tion Co.,  Omaha,  Neb.,  and  (6)  Foulkes  Contracting 
Co.,  Terre  Haute,  Ind. 

BID.S    RECEIVED    JUNK    27    FOR    SANITARY    SEWER    CON- 
STRUCTION   AT    WEST    FRANKFORT,  ILL.. 

(1)  (2)  (3)  (4)  (5)  (6) 
6-in.     vitrined    pipe.     21,988 

lin.    ft $0.35  $0,41  $0.42  $0.5-3  ?0.40  $0.51 

8-iii      vitrified    pipe,    50,974 

liii.  ft 56  .58         .eo  .G5  .50  60 

10-in.     vitrified    pipe,     17,039 

lin.    ft S5  .64  .78  .75  .75  .S3Vi 

12-111.     vitrified     pipe,     8,269 

lin.    ft 1.10  .75  .98  .86  .80  .92 

15-ln.     viu-ifled    pipe,    2,289 

lin.    ft 1.12  1.09  1.25  1.00  1.10  1.36 

li8-in.     vitrified,    pipe,     4,121 

lin.    ft 1.55  1.39  1.59  1.35  1.50  1.59 

10-in.  C.  I.  P.,  Class  A,  40..  2.25  2.62  1.85  2.75  2.00  3.46 

15-in.   C.  I.  P.,  Class  A,   210  3.40  3.62  3.25  4.70  4.00  7.50 

18-in.  C.  I.   P.,   Class  A,   100  5.50  3.69  5.00  5.00  6.00  6.15 

Slab   top   brick,   M.   H.,   5...45'.00  45.00  45.00  38.00  55.00  45.00 

Arcli  top  brick,  M.  H.,  191.. 45.00  45.00  45.00  41.00  50.00  45.00 

Brick,  F.  T.,  11   120.00  85.00  115.00  80.00  100.00  120.00 

Concrete,   F.   T.,   17    110.00  £5.00  120.00  90.00  100.00  115.00 

6-in.   lamp  hole,    27    6.00  5.25  6.50  7.00  5.00  5.50 

S-in.    lainp    hole.    Iff    7.00  7.00  7.50  8.00  5.00  6.50 

Concrete  bulkhead,    1    63.00  52.50  5G.00  70,01  50.00  35.00 

Disposal   plant,    1    6,300  5,282  8.3,-8  7,640  9,400  6,600 


Paving,  Gary,  Ind. 

The  following  bids  were   received  July  30  by  the 
city  of  Gary,  Ind.,  W.  P.  Cottingham,  City  Engineer, 

for  paving  alley  from  22nd   Ave.   to   24th   Ave.,  (1) 
Gary  Construction  Co.,  (2)  F.  C.  McVey  &  Co. : 

Items.                                                                                             (1)  (2) 

2,050  sq.  yd.  Barr  brick  pavement  (on  sand)    $1.60 

2,050  sq.   yd.   Barr  brick   pavement    (on   slag) 2.30 

2,050  sq.   yd.   Baiir  brick  pavement   (on   stone)    $2.30  2.30 

2, 17*.. 5  sq.  yd.  concrete  pavement  (including  lip)    2.00  2.00 

44.4  sq.   yd.    macadam   pavement    removed    40  .50 

17. 5  sq.    vd.    brick    pavement   removed    40  .50 

528.9  sq.   yd.   sidewalk   1.25  1.30 

2,400  lin.    ft.    curb    55  .58 

6(70  lin.    ft.    house  connections,    6-in 2.00  2.10 

80  lin.   ft.   header .30  .35 

637  cu.    yd,    grading    50  .60 

7  manhole  covers    reset    2.00  4.00 

2  gutter    inlets    35-.00  30.00 


Earth   Road   Construction,   Mingo   County,   West 
Virginia. 

Bids  were  opened  Aug.  4  at  Williamson,  W.  Va.,  by 
the  County  Court  for  the  construction  of  35  miles  of 
earth  roads  and  appui'tenant  structures.  The  con- 
tract was  awarded  to  the  Vaughan  Construction  Co., 
Shawsville,  Va.  The  unit  prices  on  the  work  were 
as  follows,  (1)  standing  for  bid  of  Vaughan  Construc- 
tion Co.,  (2)  for  bid  of  Waugh  &  Martin,  (3)  Toney 
Pietro  and  (4)  Zanda  &  Mucisk: 

(1)  (2)  (3)              (4) 

Excivation,    unclassified    $0.7414  $0.98  $0,80  $0.84% 

Rubble   masonry    6.00  10.00  8,00         7.50 

Reintorced  concrete   20.00  16,00  12.00  1.S.00 

Plain    concrete     12,00  14,00  10,00  14,00 

Blake  Taylor,  Williamson,  W.  Va.,  is  County  Road 
Engineer. 


Drainage  Ditch,  Adams  County,  Iowa. 

O.  P.  Herrick,  Des  Moines,  la.,  has  been  awarded 
contract  for  constructing  the  East  Nordaway  Ditch 
for  Adams  County,  required  for  straightening  the 
channel  of  the  East  Nordaway  River.  The  ditch  will 
be  2.77  miles  long  and  will  have  a  12-ft.  bottom  width, 
Yi  to  1  side  slopes  and  12-ft.  berms.  The  bids  re- 
ceived Aug.  17  were  as  follows:  0.  P.  Herrick,  11.59 
ct. ;  Moffett  Construction  Co.,  Des  Moines,  la.,  13.5 
ct.;  J.  H.  Boise  &  Son,  Omaha,  Neb.,  15.95  ct.;  S.  0. 
Briggs  Co.,  Omaha,  Neb.,  14.5  ct. 


Brick  Pavement,  Glencoe,  111. 

Bids  were  opened  July  5  by  the  Board  of  Local  Im- 
provements of  Glencoe,  111.,  of  which  Windes  &  Marsh 
are  Village  Engineers,  for  paving  Glencoe  Road  from 
Harbor  St.  to  South  Ave.  with  brick.  Edward  M. 
Laing,  Highland  Park,  111.,  was  the  only  bidder  and 
was  awarded  the  contract  at  $13,236.  The  engineers' 
estimate  and  the  bidding  prices  are  shown  in  the  ac- 
companying tabulation,  (Ij  standing  for  the  estimate 
and    (2)   for  the  bid: 

(1)  (2) 
4,800    sq.    yd.    brick    wearing    surface,    2"    sand    and 

cement  cushion,  grout  filler $1.83  $1.83 

4,300  lin.    ft.   7"x2C"  Portland  cement  curb 50  .60 

90  lin.  ft.  7",\-lC"  Purtland  cement  end  curb 50  .50 

300  cu.    yd.    crushed    stone   filling    2.00  2.10 

120  cu.  yd.  stone  screenings  to  iill  voids 2.00  2.10 

18  catch    basin    covers    renewed    and    adjusted...   20.00  20.00 

2  manhole    covers    renewed    and    adjusted    20,00  20.00 

Grading,   cleaning,    scarifying  foundation    500.00  500.00 

-■Adjusting    100    ft.    of    sidewalk    approaches    : .30 

Adjusting   3    water   gate    boxes    5.00 


Steel   Bridge   Work   for   Jefferson   County,    Alabama. 

Bids  received  June  21  by  S.  R.  Batson,  County  High- 
way Engineer,  Birmingham,  Ala.,  for  rebuilding  a 
192-ft.  steel  span  bridge  over  the  Locust  Fork  of 
Wai-rior  River  ranged  from  8  ct.  per  pound  for  steel 
erected  to  8%  ct.  The  contract  was  awarded  to  the 
Southern  Bridge  Co.,  Birmingham,  the  lowest  bidder. 
The  other  bridge  companies  who  bid  on  this  work 
were  the  Virginia  Bridge  Co.,  the  Nashville  Bridge 
Co.,  and  the  Vincennes  Bridge  Co. 


Well  Drilling  for  Cuba  City,  Wis. 

Bids  were  opened  July  12  by  Cuba  City,  Wis.,  for 
drilling  a  well.  The  only  bids  received  for  this  work 
were  as  follows: 

W,L,,Thorne&Co,,  M.    T.    Peterson, 

Flatteville,   Wis.  Madison.  Wis. 

12-in.  well  cased,  250  lin,   ft,,,              $10,00  $10,00 

10-in.   hole,    500  lin.    ft 4.50  5.50 


Personals 

James  C.  Nagle  has  been  appointed  dean  of  engineering 
and  professor  of  civil  engineering  in  the  Agricultural  and 
Mechanical  College  of  Texas,  succeeding  D.  W,  Spenoe  whose 
death  occurred  in  June.  Mr.  Nagle  is  a  Virginian  by  birth 
but  most  of  his  life  has  been  spent  in  Texas.  He  graduated 
from  the  University  of  Texas  in  1889  with  a  B,  S,  degree  in 
engineering,  and  obtained  an  M.  A.  degree  in  1892.  In  the 
same  year  he  obtained  a  C.  E.  degree  from  the  W  estern 
University  of  Pennsylvania,  now  the  University  of  Pittsburgh, 
and  in  1893  an  M.  C.  E.  degree  from  Cornell.  He  was  a 
professor  of  civil  engineering  in  the  Agricultural  and  Me- 
chanical College  of  Texas  for  about  twenty  years  and  in 
1911  was  also  made  dean  of  engineering.  He  resigned  from 
this  position  in  1913  to  become  chairman  of  the  Texas  board 
of  water  engineers,  and  has  occupied  that  position  since  then. 
During  his  nrofessional  career  he  has  often  been  engaged  on 
construction  work  of  various  kinds,  principally  railroad, 
bridge  and  irrigation  work.  Mr.  Nagle  is  the  author  of  a  field 
manual  for  railroad  engineers  and  of  numerous  technical 
papers.  He  is  a  past  president  of  the  Texas  Association  of 
Mtmbers  of  the  American  Society  of  Civil  Engineers;  past 
president  of  the  Te.xas  Academy  of  Science,  and  a  major 
in  tlie  Engineers  Reserve  Corps. 

M  W  Serbv,  former  contracting  engineer  for  the  Ochs 
Construction  Co.,  Allentown,  Pa.,  has  resigned  to  accept 
position  as  general  manager  of  the  newly  organized  Wm. 
Sprbv  Co.,  Builders,  Washington,  D.  C.  The  new  concern  will 
hand'le  general  contracts  in  all  classes   of  building   construc- 

W.  B.  Reed,  formerlv  assistant  city  engineer  of  Roanoke, 
Va,,  has  been  appointed  city  manager  of  Portsmouth,  Va..  for 
a  3-vear  term.  His  salary  will  be  $4,000  for  the  first  year, 
$4,500   for  the  second  and  $5,000  for  the  third  year. 

Geo,  H  Willitts,  for  the  past  three  years  a  member  of  the 
firm  of  Bartholow-Willitts  Engineering  Co,,  has  been  ap- 
pointed city  engineer  of  Galveston,  Tex. 


Obituaries 

Arthur  Kneisel,  National  Treasurer  for  the  American  Asso- 
ciation of  Engineers,  died  in  Chicago  on  Aug.  17.  He  was 
one  of  the  original  promoters  of  the  Association  and  was 
secretary  up  to  this  year.  As  a  writer  of  teclinical  articles 
he  always  stood  for  the  principal  of  "elevating  the  Engineer- 
ing Pro'fession  and  securing  recognition  for  the  Engineer." 
Mr.  Kneisel  was  born  in  Lexington,  Ky.,  in  1880,  and  received 
his  early  education  in  the  Lexington  schools,  later  graduating 
from  the  University  of  Kentucky.  He  came  to  Chicago  over 
15  vears  ago  and  was  engaged  as  a  Telephone  Engineer  and 
Patent  Attorney,  At  the  time  of  his  death,  he  was  President 
of  the  Utilities  Development  and  Sales  Co. 
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Lewis  S.  Louer  Becomes   One  of 

the  Owners  of  Engineering 

and  Contracting 

Through  the  purchase  of  half  the  common  stock  of 
Engineering  and  Contracting,  Lewis  S.  Louer  becomes 
joint  owner  with  Halbert  P.  Gillette  of  all  the  common 
stock  of  this  company.  Mr.  Louer  assumes  the  busi- 
ness management  of  this  publication,  and  Mr.  Gillette 
remains  chief  editor,  a  position  that  he  has  held  for 
nearly  12  years. 

Mr.  Louer  is  a  member  of  the  class  of  '94,  Cornell 
University,  and  has  been  engaged  in  the  field  of  tech- 
nical journalism  since  1895.  Starting  in  the  advertis- 
ing service  department  of  the  Engineering  and  Mining 
Journal  (1895-6),  his  activities  have  been  entirely  on 
the  business  side  of  journalism.  From  1896  to  1902 
he  was  advertising  manager  of  Cassier's  Magazine, 
a  mechanical  engineering  periodical.  In  1902  Mr. 
Louer  became  western  manager  of  Engineering 
Record,  with  headquarters  at  Chicago,  and  held  that 
position  for  10  years,  when  he  resigned  to  become 
western  manager  of  Sweet's  Catalogue  Service,  a  posi- 
tion that  he  has  held  until  the  present  time. 

As  a  result  of  the  recent  consolidation  of  Engineer- 
ing News  and  Engineering  Record,  there  are  now  but 
two  civil  engineering  weeklies  of  national  circulation 
— Engineering  News  Record,  published  in  New  York 
City,  and  Engineering  and  Contracting,  published  in 
Chicago.  The  publishers  have  no  further  announce- 
ment to  make  at  this  time,  other  than  to  say  that 
Engineering  and  Contracting  will  continue  to  be 
edited  and  published  as  a  weekly  engineering  and  con- 
tracting paper  covering  the  entire  civil  engineer- 
ing field  and  coincidently  providing  four  rotated 
monthly  magazines  and  a  quarterly  which  may  be 
subscribed  for  separately,  namely: 

(1)  Road  and  Street  Monthly  issue  (first  Wednes- 
day) ; 

(2)  Waterworks  and  Hydraulic  Monthly  issue  (sec- 
ond Wednesday) ; 

(3)  Dirt  Mover  and  Pit  Owner  Monthly  issue 
(third  Wednesday)  ; 

(4)  Building  and  Structural  Monthly  issue  (fourth 
Wednesday) ; 

(5)  Price  and  Market  Quarterly  (fifth  Wednesday). 


The  Non-Reading  Engineer 

For  most  students  one  very  difficult  part  of  a  col- 
lege course  in  engineering  is  the  mathematics  and  its 
applications.  Consequently  it  absorbs  a  large  part 
of  student  time,  and  by  doing  so  it  often  engenders 


the  belief  that  engineering  is  primarily  an  application 
of  the  principles  of  quantitative  reasoning.  Some 
engineers  seem  never  to  outgrow  the  college-formed 
habit  of  regarding  qualitative  data  and  reasoning  as 
belonging  to  a  lower  heaven  than  mathematical  data 
and  quantitative  deduction.  Certain  it  is  that  the 
average  graduate  engineer  is  prouder  of  his  mathe- 
matical knowledge  than  of  his  store  of  qualitative 
facts.  Indeed  not  a  few  disdain  to  accumulate  sys- 
tematically a  knowledge  of  the  sort  that  any  fore- 
man may  acquire  merely  by  reading. 

Let  any  practicing  engineer  review  in  detail  the 
nature  of  his  daily  work  for  a  month,  and  he  is  apt 
to  be  surprised  to  note  what  a  great  preponderance  of 
non-mathematical  knowledge  he  applies.  Road  and 
street  designing,  for  example,  involves  vastly  more 
horse-sense  than  mathematics.  Highway  building, 
aside  from  the  surveying,  is  little  else  than  the 
following  of  precedents  and  the  systematic  studying 
of  conditions.  So,  many  an  excellent  road  engineer 
is  "self-educated."  By  which  is  meant  self-driven 
to  the  sources  of  education — the  books  and  periodi- 
cals. No  man  is  really  self-educated  in  any  other 
sense  of  the  term. 

In  our  editorial  trips  we  are  incessently  impressed 
by  the  fact  that  not  all  engineers  have  read  extensive- 
ly, for  we  see  many  of  them  daily  doing  things  in  an 
uneconomic— often  in  an  obsolete — manner,  in  spite 
of  the  fact  that  the  technical  press  has  repeatedly 
presented  far  better  designs  and  methods.  These  are 
the  men  who  are  "too  busy  to  read."  Having  been 
"educated"  years  ago,  they  have  gradually  become  less 
educated  than  many  a  man  who  has  never  enjoyed  the 
opportunity  of  being  taught  all  of  engineering  in  four 
college  years. 

"Daylighting"  a  Mountain    Road 

Sharp  curves  of  mountain  roads  are  danger  factors 
to  which  engineers  are  giving  serious  thought,  the 
more  serious  the  longer  the  road,  the  greater  the 
number  of  abrupt  turns  and  the  steeper  the  hill  slopes. 
The  last  named  element,  a  steep  sidehill,  is  the  cause 
of  many  collisions  of  automobiles;  for  timid  drivers 
hug  the  "inside"  of  the  roadway,  regardless  of  their 
right  to  be  there. 

In  a  trip  over  the  Ridge  Road  in  California  the  edi- 
tor recently  saw  an  ingenious  and  effective  method 
of  reducing  the  number  of  collisions.  The  sidehill 
at  each  sharp  curve  was  excavated  so  as  to  "daylight 
the  curve."  This  consists  in  widening  the  sidehill 
cut,  but  not  carrying  the  cut  clear  down  to  the  grade 
of  the  road.     The  cut  is  carried  down  to  within  3  ft. 
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of  grade,  and  a  bench  or  berme  of  earth  is  left,  over 
which  the  automobile  driver  can  look.  Then  if  the 
driver  is  hugging  the  hillside,  he  can,  nevertheless, 
see  an  appi'oaching  car  in  time  to  swing  out  of  its  way. 
Experience  has  taught  the  engineers  of  the  Cali- 
fornia Highway  Commission  that  if  they  widen  steep 
sidehill  cuts  on  sharp  curves  in  the  ordinary  way; 
that  is,  by  widening  the  roadway,  cars  still  continue 
to  hug  the  sidehill  and  drivers  are  unable  to  see  ap- 
proaching vehicles  much  better.  The  new  method  of 
"daylighting"  is  a  decided  improvement. 


Suggested  Theses  for  Senior 
Students  of  Civil 
Engineering 

The  Portland  Cement,  Association,  through  its  con- 
sulting highway  engineer,  Mr.  A.  N.  Johnson,  has  re- 
cently written  professors  of  civil  engineering  in  110 
colleges  suggesting  certain  theses  for  senior  students 
and  offering  to  assist  the  students  in  securing  the  de- 
sired data.     The  following  are  suggested  titles: 

1.  Methods  and  Effects  of  Various  Ways  of  Finish- 
ing Concrete  Pavements. 

2.  Various  Factors  That  Influence  the  Making  of 
Good  Concrete. 

3.  Methods  to  Determine  the  Wear  of  Concrete 
Pavements. 

4.  Methods  to  Determine  the  Relative  Value  of 
Various  Aggregates  for  Use  in  Concrete  Pavements. 

5.  Effect  of  Frost  Action  on  Road  and  Pavement 
Design. 

6.  Investigation    of   Pavement   Temperatures. 

7.  Equipment  Required  for  Concrete  Work. 

The  automobile  and  the  motor  truck  are  fast  giving 
an  importance  to  road  location  and  design  that  is  not 
even  second  to  that  of  railways.  Many  civil  engineers 
predict  that  in  the  next  decade  more  money  will  be 
expended  on  roads  and  streets  than  on  any  other  class 
of  public  works.  It  is  well,  therefore,  to  turn  the  at- 
tention of  an  increasingly  large  number  of  civil  en- 
gineering students  toward  highway  work.  This  can 
be  effectively  done  by  assigning  theses  like  those 
above  suggested,  and  by  coincidently  insisting  that 
the  writers  of  such  theses  shall  first  make  a  broad 
reconnaissance  of  highway  literature.  The  Portland 
Cement  Association  offers  to  aid  the  student  in  such 
a  survey  of  the  feld,  and  doubtless  other  manufac- 
turing associations  will  be  gbd  to  give  similar  assist- 
ance. 


any  one  the  courage  to  protest.  Each  of  us  is  apt  to 
feel  that  the  enemies  he  will  make  by  a  criticism  of 
this  sort  will  surely  do  us  harm  some  day,  and  that 
the  harm  will  far  outweigh  the  personal  gain  from 
eventually  securing  improved  and  cheaper  volumes  of 
society  transactions. 

When  an  engineering  periodical  voices  editorial 
criticism  of  the  management  of  an  engineering  society, 
it  is  immediately  and  indignantly  rebuffed  for  being 
a  meddler  in  the  affairs  of  others.  So,  between  society 
members  who  dare  not  and  editors  of  periodicals  who 
care  not,  there  is  none  left  to  speak  a  frank  and  severe 
word  even  when  such  a  word  is  badly  needed  for  the 
good  of  all.  It  is  a  pity,  for  who  is  there  among  us 
who  may  not  profit  from  wholesome  criticism,  bitter 
though  it  may  be? 

Society  papers  often  contain  test  data  in  great  de- 
tail and  of  great  value,  but  it  usually  serves  every  pur- 
pose to  summarize  the  results  in  the  published  trans- 
actions. The  original  typewritten  paper,  with  its 
mass  of  supporting  data,  should  be  indexed,  bound 
and  placed  in  the  library  for  reference.  The  printed 
abstract  of  the  paper  should  indicate  the  nature  and 
extent  of  the  original  paper,  and  should  give  so  com- 
plete a  statement  as  to  the  matter  not  printed  that  the 
reader  may  judge  whether  it  will  repay  him  to  go  to 
the  original  or  not. 


Lack  of  Courage  in  Criticising  So- 
ciety Publications 

An  experienced  member  of  the  American  Society  of 
Civil  Engineers  asks  us  why  no  one  ever  criticises 
waste  of  society  money  in  publishing  long  papers  re- 
plete with  details  of  slight  value  to  the  members. 
Specifically  he  names  a  300-page  paper  on  the  meas- 
urement of  water  by  salt  solutions.     He  says: 

I  ■n-aded  through  this  stuff  until  I  got  nervous  prostration. 
The  [annual] 'volume  cost  ?50,000  for  publication,  and  as  one- 
fifth  was  devoted  to  this  paper,  we  paid  $10,000  for  this  "dope." 
Yet  nobody  says  a  word. 

We  shall  not  attempt  to  pass  judgment  on  the  paper 
In  question.  But  even  if  this  particular  monograph 
does  not  merit  the  caustic  criticism  that  our  reader 
gives  it — and  he  is  a  competent  hydraulic  engineer — 
it  is  a  fact  that  many  society  publications  cause  un- 
justified expenditures  of  society  funds.    Yet  rarely  has 


Civil  Engineers  Should  Lead    in 
Securing  Revision  of  Pave- 
ment Ordinances 

Where  a  city  is  poorly  paved,  it  will  usually  be 
found  that  the  pavement  ordinance  is  in  need  of  re- 
vision. In  most  cities  there  are  two  serious  defects 
in  pavement  ordinances:  First,  the  assessment  for  a 
pavement  must  be  paid,  in  one  installment,  instead  of 
being  spread  over  a  term  of  years.  Second,  the  abut- 
ting property  owner  bears  the  entire  cost  of  a  new 
pavement. 

Four  years  ago  in  San  Francisco  a  new  street-im- 
provement ordinance  went  into  effect,  making  it  pos- 
sible for  the  property  owner  to  pay  for  a  new  pave- 
ment in  10  annual  installments  plus  a  small  inter- 
est charge.  As  a  result  the  amount  of  new  pave- 
ment annually  laid  has  increased  20  per  cent. 

Civil  engineers  will  perform  a  great  public  service 
if  they  will  take  the  lead  in  arousing  the  public  to 
the  desirability  of  revising  pavement  ordinances. 
Let  the  slogan  be:  Spread  the  pavement  burden.  It 
should  be  spread  over  the  entire  city  and  over  a  term 
of  years. 


A  Hint  on  Grading  a  Sidehill  Road 

There  are  relatively  few  road  builders  who  know 
how  to  grade  a  road  on  a  steep  side  hill  in  the  most 
economic  manner.  If  the  hill  is  so  steep  that  a  team 
of  horses  can  not  travel  along  it,  one  ordinarily  sees 
a  gang  of  pick  and  shovel  men  excavating  the  road- 
way, and  not  infrequently  the  men  carry  the  excava- 
tion to  grade  without  the  assistance  of  horses 
or  machinery.  A  road  builder  experienced  in  moun- 
tain work  may  first  attack  a  steep  side  hill  by  hand 
work,  it  is  true,  but  he  does  so  only  to  build  a  very 
narrow  path  along  which  a  single  horse  can  walk. 
Thereafter  there  is  no  more  picking  and   shoveling. 

A  pioneer  path,  as  it  may  be  called,  is  first  graded 
by  hand  on  the  side  hill  along  the  upper  slope  stakes. 
Then  a  one-horse    side-hill  plow  starts  plowing    and 
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widening  the  path  to  about  3  ft.  by  casting  the  earth 
down  hill.  The  next  step  is  to  use  a  light  single- 
horse  V.  The  V  should  be  shod  and  have  a  sharp 
cutting  edge  at  the  front,  and  should  be  so  attached 
to  the  single-tree  as  to  tend  to  crowd  into  the  side  of 
the  hill.  After  grading  a  width  of  about  5  ft.  a  two- 
horse  plow  can  be  used,  followed  by  a  two-horse 
V  to  shove  the  earth  down  hill.  The  next  step  is  to 
use  a  light  road  grader  drawn  by  2  to  4  horses. 

The  foregoing  applies  to  roadways  up  to,  say,  12 
ft.  wide.  If  the  road  is  wider  and  fairly  long  a  steam 
shovel  or  a  power  scraper  is  usually  more  economic 
than  team  work. 


Two  Narrow  Roads  Instead  of  One 
Wide  Road 

In  Italy  there  are  numerous  single-track  roads 
through  the  mountains,  whereon  traffic  is  permitted 
to  travel  only  in  one  direction.  This  of  course  neces- 
sitates two  parallel  roads  to  accommodate  traffic  in 
opposite  directions,  but  it  has  been  found  not  only 
that  two  narrow  roads  can  usually  be  built  cheaper 
than  a  single  wide  road,  but  that  there  are  fewer  ac- 
cidents, for  collisions  are  impossible.  A  narrow  side- 
hill  cut  can  often  be  made  entirely  in  earth  where 
a  wide  side-hill  cut  would  run  into  rock.  Moreover, 
where  the  traffic  is  entirely  in  one  direction,  sharper 
curves  can  be  safely  used. 

May  it  not  be  wise  for  American  highway  engineers 
to  give  consideration  to  the  Italian  design  of  moun- 
tain roads? 


Let  City  Engineers  Become  "City 
Planners" 

We  are  glad  to  note  that  the  city  of  Rochester,  N. 
Y.,  has  secured  an  amendment  to  its  charter  provid- 
ing that  there  shall  be  a  City-Planning  Bureau,  the 
superintendent  of  which  is  to  be  appointed  by  and 
report  to  the  City  Engineer.  His  actions  must  be 
approved  by  an  Advisory  Board,  who  may  be  laymen, 
and  by  the  Mayor. 

City  planning  legislation  has  usually  been  defec- 
tive in  that  it  has  failed  to  provide  for  a  permanent 
organization  with  power  to  initiate  and  execute  a 
continuous  policy.  A  city  engineer  may  not  be  "strong 
on"  civic  centers  of  Utopian  beauty,  but  he  is  more 
apt  to  see  to  it  that  new  streets  are  properly  planned, 
old  ones  widened,  traffic  routed,  obstructive  ordi- 
nances revised — in  short  that  the  city  shall  gradually 
be  made  to  improve  systematically. 


Prevent  Failures  of  Sand-Clay 
Roads  by  Tamping 

A  good  many  sand-clay  roads  have  badly  disap- 
pointed their  builders.  When  softened  by  rains  be- 
fore it  has  been  compacted  by  traffic,  a  sand-clay 
road  may  become  a  quagmire.  Both  the  mixing  and 
the  rolling  of  the  sand  and  clay  require  far  more  at- 
tention than  is  commonly  given. 

Engineers  who  are  seeking  to  inform  themselves 
as  to  the  best  methods  of  mixing  and  compacting  sand 
and  clay  will  do  well  to  study  the  method  of  building 
oiled  earth  roads  with  a  rolling  tamper — a  roller  with 
projecting  lugs.  The  oil  and  earth  are  harrowed  and 
a  road  grader  is  also  used  to  mix  them.  Then  the 
well-mixed  mass  is  tamped  solid  with  the  "sheep's 
foot"  roller. 


Cost  of  State  Aid  Road  Surveys  in 
Illinois 

By  C.  M.  HATHAWAY 

Assistant     Road     Engineer,     Division     of     Highways,     State 

Department    of    Public   Works    and   Building. 

The  Illinois  State  Aid  Road  Law,  passed  in  1913, 
provides  that  all  state  aid  money  be  allotted  to  the 
102  counties  (with  one  exception)  in  proportion  to 
the  county  road  and  bridge  tax  of  each,  and  that  each 
county  shall  furnish  a  sum  of  money  equal  to  the 
State  allotment.  The  county  may  select  the  location 
of  the  roads  for  improvement  and  the  types  of  con- 
struction, subject  to  the  approval  of  the  State  High- 
way Commission.  Not  being  limited  as  to  the  num- 
ber of  routes  selected  for  improvement,  the  result  is 
not  only  sections  of  work  scattered  among  the  sev- 
eral counties,  but  also  often  scattered  in  three  or 
four  remote  sections  of  a  county.  The  making  of 
plans,  estimates  and  specifications  for  all  State  aid 
improvement  is  in  the  hands  of  the  State  Highway 
Department  and  is  handled  directly  by  its  own  force. 

Recently  occasion  arose  to  compile  the  cost  of  all 
State  aid  surveys  covering  the  period  from  July  1, 
1913,  to  Dec.  31,  1916.     Since  the  surveys  numbered 
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Fig.    1  —  Distribution    of    Road    Surveys    Tliroughout    Year. 

over  400  and  were  made  under  conditions  vastly  dif- 
ferent as  to  both  location  and  topography,  it  was 
thought  that  the  resulting  figures  offered  an  oppor- 
tunity to  present  some  authentic  information  which 
could  be  applied  directly  to  Illinois,  at  least,  and 
which  might  oflFer  a  basis  of  comparison  and  estimate 
for  other  localities,  if  due  consideration  was  given  to 
the  various  features  involved. 

The  information  needed  for  making  up  State  aid 
road  plans  requires  that  a  survey  of  the  proposed  im- 
provement be  made  with  the  usual  detail  and  care 
that  is  necessary  in  making  the  ordinary  road  survey. 
This  is  essentially  as  follows:  Location  of  a  transit 
line  which  shall  serve  as  a  center  line  of  the  proposed 
improvement;  location  of  all  governing  topographic 
features;  complete  cross  sections  usually  at  100  ft. 
intervals;  and  all  information  governing  drainage  and 
gradients. 

In  nearly  all  cases  the  State  Highway  Department 
has  kept  the  work  of  making  surveys  in  its  own  hands, 
furnishing  two  men  for  the  party  and  calling  upon  the 
County  Superintendent  of  Highways  to  furnish  the 
others,  with  the  necessary  transportation  and  sup- 
plies.    (Since  Jan.  1,  1917,  the  policy  of  the  depart- 
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ment  has  changed  in  that  the  entire  cost  of  surveys 
is  paid  by  the  State  Highway  Department.  The  or- 
ganization scheme  has  not  been  materially  changed, 
however.)  The  two  men  from  the  department  being 
thoroughly  familiar  with  its  practice  give  assurance 
that  the  desired  information  is  gotten  in  the  survey. 
A  party  of  four  to  six  men  has  been  found  to  be  the 
most  efficient  and  economical  for  the  work. 

At  first  one  might  consider  this  to  be  a  rather  costly 
method  of  organizing  and  conducting  a  survey  party, 
since  each  new  party  would  consist  of  a  new  person- 
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In  Fig.  1  is  shown  graphically  the  distribution  of 
surveys  throughout  the  year  which  brings  out  the  fact 
that  53  per  cent  of  all  surveys  were  made  during  the 
period  of  Dec.  1-March  31,  the  coldest  four  months  of 
the  year  and  the  ones  least  adapted  for  survey  work. 

In  Fig.  2  is  shown  a  curve  platted  on  the  basis  of 
the  cost  per  mile  based  on  the  length  or  each  individ- 
ual survey.  The  conclusion  is  self-evident  and  con- 
forms to  what  might  be  expected. 

More  detailed  analysis  of  the  subject  has  not  been 
ventured,  as  it  was  hoped  to  furnish  only  a  little  in- 
formation essentially  covering  cost  per  mile  and  rate 
of  progress  in  making  road  surveys. 

On  July  1,  1917,  the  State  Highway  Department  was 
merged  with  the  Department  of  Public  Works  and 
Buildings  and  is  known  as  the  Division  of  Highways. 
S.  E.  Bradt  is  Superintendent  of  Highways  and  Wm. 
W.  Marr,  Chief  Highway  Engineer. 


A  veraqe  Coii  Per  Mile 
Fig.   2;^Length    of   Survey    and    Cost    Per    Mile. 

nel,  the  men  furnished  by  the  county  being  more  or 
less  unfamiliar  with  survey  work.  However,  inas- 
much as  the  average  length  of  the  surveys  was  ap- 
proximately only  2^2  miles  and  nearly  always  there 
was  lost  considerable  time  in  moving  from  one  job  to 
another,  this  method  of  handling  the  work  has  proved 
really  more  satisfactory  than  would  have  been  the 
method  of  transporting  from  place  to  place  a  complete 
and  fully  organized  sui-vey  party. 

Many  of  the  first  surveys  made  were  rather  costly 
because  of  the  lengths  being  so  short  and  more  time 
really  being  used  in  the  work  preliminary  to  starting 
the  survey  than  in  making  the  survey  itself.  In  the 
earlier  surveys  a  condition  encountered  was  the  get- 
ting of  the  county  superintendents  of  highways  and 
their  assistants  familiar  with  the  methods  of  the  work. 
As  the  practice  went  on,  however,  these  men  became 
very  familiar  with  the  methods  and  were  ready  to 
proceed  with  the  work  as  soon  as  the  men  from  the 
State  Highway  Department  arrived  at  the  site. 

In  verification  of  the  above  paragraph  it  was  found 
that  during  1914  the  average  cost  per  mile  was  $31.48 
or  about  $5  higher  than  for  the  entire  period. 

The  following  figures  have  been  deduced  from  the 
information   as    compiled: 

Total   number   of   surveys   made 410.00 

Total  miles   surveyed    1,090.71 

Total  cost  of  surveys $28,791.00 

Average  cost  per  mile $26.40 

Average  rate  of  survey  per  day mile  .84 

Average   length   of  surveys miles  2.66 

In  the  410  surveys  it  was  found  that  the  average 
length  was  only  a  little  over  2  miles,  while  19  per  cent 
were  less  than  1  mile  in  length.  The  encircled  figures 
at  the  right  of  the  curve  in  Fig.  2  show  this  feature. 

To  get  the  cost  per  day  for  the  average  survey  party 
as  employed  for  the  State  aid  sui-veys,  the  following 
estimate  may  be  of  interest: 

Two  engineers  from  State  Higiiway  Department  at  $4 $  S.OO 

Board  and  lodging   for  above  at  $2 4.00 

Railroad   fare    (prorated),    at    67    ct 1.34 

Three    helpers    at    $2.00 7.50 

Team   or  other  conveyance  at  $3 3.00 

Stakes,   supplies,   etc.    (prorated)    at   $1 1.00 

$24.84 


Alternate  Rows  of  Wood  Blocks 

and  Bricks  for  Paving  Street 

Railway  Tracks 

A  new  form  of  pavement  for  street  railway  tracks 
has  been  laid  on  Main  St.,  Toledo,  0.,  for  the  Toledo 
Railways  &  Light  Co.  On  this  work  a  6-in.  100-lb. 
steel  rail  was  used.  A  2-in.  header  block  was  laid 
under  the  ball  of  the  rail,  to  provide  for  the  tread  of 
the  wheel  flange.  The  pavement  between  the  rails 
consists  of  alternate  rows  of  Kreolite  end  lug  wood 
blocks  and  ordinary  second-hand  paving  bricks.  The 
interstices  between  the  individual  units  were  filled 
with  a  Kreolite  bituminous  filler. 

The  blocks  used  on  this  work  had  been  treated  by 


street  Car  Track  Pavement  Composed  of  Altei 
Blocks   and   Brick. 


late  Row(s  of  Wood 


Approximately  $25  for  one  day's  v.'ork 


the  Rueping  process  with  6  lb.  of  creosote  per  cubic 
foot  of  timber.  The  blocks  were  laid  about  Vj<  in. 
higher  than  the  adjoining  rows  of  bricks,  the  idea 
being  that  the  annealing  effect  of  the  traffic  would 
weld  the  wood  upon  the  edges,  thus  preventing  the 
cobbling  of  the  bricks. 

The  pavement  has  been  in  service  for  over  6  months, 
and  it  is  stated  that  the  traffic  has  ironed  it  into  a 
smooth,  compact,  homogenous-appearing  wearing  sur- 
face. 
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Concrete  Pavement  Specifica- 
tions of  Ohio  State  High- 
way Department 

state  highway  construction  in  Ohio  this  season  is 
being  carried  out  under  new  specifications  issued  by 
Clinton  Cowen,  State  Highway  Commissioner.  The 
requirements  for  concrete  pavements  are  of  especial 
interest. 

The  specifications  provide  that  the  ingredients  of 
concrete  shall  be  mixed  in  the  proportion  of  1  sack 
of  cement  to  l^a  cu.  ft.  of  fine  aggregate  and  not 
more  than  3  cu.  ft.  of  coarse  aggregate.  The  mortar 
shall  always  be  more  than  enough  to  fill  the  voids  in 
the  coarse  aggregate.  If  necessary  to  secure  this 
result  the  proportion  of  coarse  aggregate  shall  be  re- 
duced. In  general,  this  will  require  from  7  to  8  sacks 
of  cement  per  cubic  yard  of  concrete,  depending  upon 
the  class  of  aggregate  used  and  the  percentage  of  its 
voids. 

It  also  is  provided  that  the  materials  for  the  pave- 
ment shall  be  mixed  with  only  sufficient  water  to  pro- 
duce a  concrete  which  will  settle  very  slowly  when 
deposited  in  a  pile  and  which  will  hold  its  shape  when 
struck  with  a  templet.  The  consistency  shall  not  be 
such  as  to  cause  a  separation  of  the  mortar  from  the 
coarse  aggregate  when  handling.     After  the  concrete 


slight  but  uniform  excess  of  concrete  wiiicli  is  pusiied  forwar.f 
to  where  the  new  concrete  is  being  deposited.  After  the  concrete 
is  thus  strucls  off,  it  shall  be  consolidated  and  made  uniformly 
dense  by  a  succession  of  tamping  motions  with  a  heavy  templet 
as  the  templet  is  slowly  moved  forward.  After  the  concrete  sur- 
fact'  has  been  thoroughly  tamped  with  the  tamping  templet,  aii 
accurate  cutting  templet  shall  be  used  to  strike  off  the  concrete 
to  ihe  exact  height  and  true  cross-section  of  the  finished  pave- 
ment. 

Vv'hen  each  templet  is  within  3  ft.  of  a  transverse  joint  it 
shall  be  lifted  to  the  joint,  and  the  concrete  leveled  or  com- 
pacted by  moving  the  templet  away  from  the  joint.  Any  excess 
of  cjncrete  about  the  joint  shall  be  removed.  Any  holes  left  by 
removing  any  material  or  device  used  in  constructing  a  joint 
shall  immediately  be  filled  with  concrete  of  the  same  proportions 
as  the  rest  of  the  pavement.  All  concrete  shall  be  dense  in  char- 
acter, but  special  care  must  be  exercised  to  secure  maximum 
density  adjoining  transverse  joints. 

After  being  brought  to  the  established  grade  by  the  use  of 
templets  as  described  above,  the  concrete  shall  be  floated  with 
a  v.ooden  float  not  less  than  S  ft.  long  nor  less  than  6  in.  wide, 
operated  from  two  bridges  with  its  axis  approximately  parallel  to 
the  center  line  Oi  the  pavement.  This  float  shall  be  moved  with 
a  see-saw  motion  across  the  pavement  with  sufficient  pressure 
being  placed  on  same  to  eliminate  any  irregularities  left  in  the 
concrete  by  the  templet,  and  in  a  manner  to  thoroughly  compact 
the  concrete  and  produce  a  surface  free  from  depressions  or 
inequalities  of  any  kind.  The  pavement  shall  be  finished  with  a 
wooden  float  about  6  in.  wide  and  20  in.  long;  or,  in  lieu  of  this 
latter,  a  belt  may  be  drawn  I)ack  and  forth  across  the  pavement 
in  such  a  way  as  to  remove  any  collectiog  of  water  on  the  surface 
and  to  leave  the  surface  smooth,  regular,  and  in  conformity  with 
the   cross   section  required. 

The  concrete  adjacent  to  the  expansion  joints  shall  be  finished 
with    a    wooden    float,    which    is    divided    through    the   center   and 
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has  been  lightly  tamped  there  shall  be  no  free  water 
in  evidence.  Individual  particles  of  the  coarse  ag- 
gregate when  isolated,  shall  show  a  coating  of  mortar 
containing  its  proportionate  amount  of  sand. 

Regarding  machine  mixing  the  specifications  state: 

The  concrete  materials  shall  be  measured  in  such  a  manner 
as  to  insure  unifoi-m  proportioning  of  all  of  the  ingredients 
The  amount  of  water  to  be  used  for  each  batch  shall  be  ac- 
curately measured  by  a  suitable  device  attached  to  the  mixer. 
In  no  case  shall  the  mixer  be  loaded  in  excess  of  its  rated  ca- 
pacity. Alter  aU  of  the  materials  have  been  placed  in  the  drum 
of  the  mixer,  the  mixing  shall  continue  at  least  one  minute  until 
the  drum  has  made  not  less  than  12  revolutions,  at  a  speed  ot 
between  12  and  IS  revolutions  per  minute,  before  any  part  of 
the    batch    is    discharged. 

Other  interesting  provisions  of  the  specifications 
follow : 

The  concrete  shall  t>e  deposited  on  the  subgrade  between  the 
forms  and  shoveled  into  position  in  such  quantity  as  to  mak.^ 
a  unifonii  layer  about  1  in.  greater  than  the  required  finished 
thickness,  .\fter  being  deposited  between  side  forms,  it  shall  be 
thoroughly  spaded  or  rammed  so  as  to  produce  uniform  density 
and  eliminate  all  voids.  Concrete  shall  be  deposited  in  successive 
batches  and  in  a  continuous  operation  between  transverse  joints. 
Vi'hen  the  completion  of  a  section  extending  between  transverse 
joints  is  unavoidably  interrupted,  an  intermediate  transverse 
joint  shall  be  placed  at  the  point  of  stopping  as  hereinafter  spec- 
ified. Any  concrete  in  excess  of  that  needed  to  complete  the 
section  shall  not  be  used  in  the  -ft'ork. 

After  being  placed  as  above  described,  the  concrete  shall  be 
struck  oft  with  a  templet  used  as  a  cutting  edge  while  moved 
with  a  combined  longitudinal  and  cross-wise  motion,  leaving 
the  surface  of  the  concrete  about  14  in.  higher  than  the  required 
finished  surface.  When  used  as  a  cutting  edge  there  shall  be  in 
front    of    the    templet    at    aU    times    and   over    its    entire    length   a 


which  will  permit  the  finishing  on  both  sides  of  the  filler  at  the 
same  time,  in  such  a  v/ay  that  it  will  produce  the  two  edcres  at 
the  same  elevation.  Both  edges  of  the  joints  shall  then  bo 
rounded   off   with   an   edger  having  a  radius  of   14   in. 

A  finishing  machine  of  approved  type  which  will  produce  the 
above  results  may  be  used.  The  edges  of  the  pavement  shall  be 
rounded   with    an    edger   to   a    radius   of    Vi    in. 

The  finished  surface  of  the  concrete  shall  conform  so  nearly  to 
that  indicated  on  the  plans  that  it  will  nowhere  vary  more  than 
a  ',4  in.  from  the  previously  described  templet  or  a  10-ft.  straight 
edge  applied  to  the  surface  of  the  concrete  parallel  to  the  center 
line  of  the  pavement. 

The  specifications  call  for  transverse  joints  %,  in. 
in  width,  placed  across  the  pavement  perpendicular 
to  the  center  line  50  ft.  apart  for  plain  concrete,  and 
100  ft.  apart  for  reinforced  concrete,  unless  it  is  other- 
wise shown  on  the  plans.  All  joints  must  extend 
through  the  entire  thickness  of  the  pavement,  and 
particular  care  must  be  taken  to  have  the  joint  per- 
pendicular to  the  surface. 

As  soon  as  a  section  of  pavement  has  been  finished, 
it  must  be  entirely  covered  with  canvas  so  supported 
as  not  to  mar  the  pavement.  As  soon  as  the  concrete 
has  sufficiently  hardened  to  prevent  pitting,  the  stir- 
face  of  the  pavement  must  be  sprayed  with  water 
and  kept  wet  until  the  earth  covering  has  been  placed. 
When  the  concrete  has  hardened  to  an  extent  that  the 
surface  of  the  pavement  will  not  be  marred  by  men 
walking  upon  it,  it  must  be  covered  with  not  less  than 
2  in.  of  earth,  or  other  suitable  material,  which  cov- 
ering must  be  immediately  wet  and  must  be  kept  wet 
for  at  least  10  days. 


(49) 


188 


ENGINEERING  AND   CONTRACTING 


Vol.  48,  No.  10. 


Widening  Existing  Streets  to  Meet 
Traffic  Demands 

An  interesting  discussion  of  the  problems  encoun- 
tered in  providing  for  increased  traffic  by  widening 
existing  streets  was  presented  by  Nelson  P.  Lewis, 
Chief  Engineer,  Board  of  Estimate  and  Apportion- 
ment of  New  York  City,  in  a  paper  read  at  the  9th 
National  Conference  on  City  Planning.  In  his  paper, 
an  abstract  of  which  is  given  below,  Mr.  Lewis  gives 
concrete  examples  of  the  methods  employed  by  sev- 
eral cities  for  providing  traffic  thoroughfares : 

New  York  affords  some  notable  instances  of  road- 
way widening  during  the  last  few  years.  Perhaps  the 
most  conspicuous  of  these  is  that  affecting  5th  Ave. 
This  street  was  laid  out  and  acquired  at  a  width  of 
100  ft.  and  was  subdivided  into  a  roadway  of  40  ft. 
and  sidewalks  each  30  ft.  wide.  One-half  of  the  side- 
walk spaces  had  for  many  years  been  appropriated  to 
private  use.  Many  costly  buildings  had  been  erected, 
the  entrances,  steps  and  even  supporting  columns 
of  which  were  within  the  street  lines.  In  many  in- 
stances fences  had  even  been  placed  15  ft.  beyond  the 
building  lines  and  in  the  spaces  enclosed  by  them 
there  were  sunken  gardens  and  ornamental  planting 
which  added  to  the  attractive  appearance  of  the  street. 
As  the  abutting  property  was  gradually  converted 
from  residential  to  business  use  and  as  the  traffic  in- 
creased the  roadway  became  inadequate,  and  it  was 
decided  that  it  should  be  increased  from  40  to  55  ft. 
In  order  to  compensate  for  the  space  thus  taken  from 
the  sidewalks  the  removal  of  all  encroachments  be- 
yond the  street  line  was  directed,  although,  in  order 
to  prevent  the  disfigurement  of  some  very  important 
and  attractive  buildings,  it  was  agreed  that  owners 
who  should,  before  a  fixed  date,  remodel  their  build- 
ings might  retain  such  supporting  columns  or  steps 
as  would  not  encroach  more  than  2^0  ft.  beyond  the 
building  line.  The  entire  expense  of  these  changes 
had  to  be  borne  by  the  abutting  owners.  It  has  been 
estimated  that  the  expense  to  the  abutting  owners  ag- 
gregated about  $2,000,000. 

The  widening  of  an  existing  street  at  a  single  opera- 
tion is  expensive,  but  occasionally  it  must  be  done. 
Relief  for  the  congested  condition  of  Broadway,  New 
York,  was  imperatively  necessary  when  in  1893  the 
municipal  authorities  decided  that  Elm  St.,  now  known 
as  Lafayette  St.,  parallel  with  and  about  50  ft.  east 
of  Broadway,  should  be  widened.  The  old  street  was 
from  50  to  60  ft.  in  width,  and  this  was  widened  to  80 
ft.,  and  extended  at  the  last  named  width  as  an  entirely 
new  street  for  a  distance  of  over  3,000  ft.  The  entire 
length  of  the  new  thoroughfare  thus  created  was 
about  6,000  ft.  The  total  cost  for  the  acquisition  of 
property  was  approximately  $5,500,000,  two-thirds  of 
which  was  borne  by  the  city  at  large,  and  the  remain- 
ing third  was  assessed  upon  an  area  of  benefit  about 
3,000  ft.  in  width  and  19,000  ft.  in  length,  containing 
approximately  1,280  acres. 

A  more  recent  example  of  the  widening  of  an  exist- 
ing street  and  its  connection  by  means  of  a  new  street 
with  an  established  thoroughfare  is  that  of  the  widen- 
ing of  Varick  St.  and  the  southerly  extension  of  7th 
Ave.  in  the  Borough  of  Manhattan.  Varick  St.  was 
widened  from  65  ft.  to  100  ft.,  this  last  being  the 
width  of  7th  Ave.  and  its  extension.  The  total  length 
of  the  widening  was  3,700  ft.  and  of  the  extension 
2,700  ft.  It  was  authorized  in  1913  and,  while  the 
total  cost  has  not  yet  been  finally  determined,  it 
will  approximate  $6,000,000,  all  of  which  is  to  be  im- 


posed upon  a  local  area  of  benefit  and  upon  three  of 
the  boroughs,  no  part  being  assumed  by  the  city  at 
large. 

One  more  example  from  New  York  is  that  of  Liv- 
ingston St.,  in  the  Borough  of  Brooklyn.  This  street 
is  parallel  with  Fulton  St.,  the  principal  business 
street  of  the  borough,  and  about  300  ft.  distant  from 
it.  The  most  important  retail  shops  of  this  borough 
run  from  Fulton  St.  through  to  Livingston  St.,  and 
the  latter,  which  was  only  50  ft.  wide,  was  so  badly 
congested  by  the  delivery  wagons  of  these  shops  that 
it  was  useless  for  other  purposes.  It  was  widened  to 
80  ft.  in  1905  for  its  entire  length  of  about  4,300  ft. 
at  a  cost  of  a  little  over  $2,000,000.  A  double  track 
surface  railway  was  constructed  in  it  and  it  has  been 
of  incalculable  benefit  to  this  part  of  the  city.  It  was 
proposed  to  assess  one-third  of  the  cost  upon  property 
deemed  to  be  benefited,  but  mandatory  legislation  was 
secured  relieving  these  property  owners  and  imposing 
the  entire  cost  upon  the  city. 

Philadelphia  also  affords  a  number  of  instances  of 
the  widening  of  existing  streets.  Perhaps  the  most 
important  undertaking  of  the  kind  has  been  the  widen- 
ing of  Delaware  Ave.  along  and  in  the  vicinity  of  the 
Delaware  River.  This  street  will  eventually  extend 
from  the  Navy  Yard  on  the  south  to  Poquessing  Creek 
on  the  north,  a  distance  of  about  17  miles.  It  was 
originally  50  ft.  wide  where  in  use,  and  the  new  width 
will  vary  from  100  to  250  ft.  The  improvement  has 
already  been  carried  out  at  a  width  of  150  ft.  between 
Fairmount  and  Washington  Aves.,  a  distance  of  2 
miles,  and  between  Dyott  and  Cumberland  Sts.,  a  dis- 
tance of  i'3  mile.  The  widening  to  widths  of  from  150 
to  250  ft.  between  Washington  Ave.  and  Hoyt  St., 
about  214  miles,  is  now  in  progress  as  a  part  of  the 
South  Philadelphia  improvement.  In  portions  of  this 
street  there  are  or  will  be  from  two  to  six  steam  rail- 
road tracks.  No  estimate  can  be  given  of  its  total 
cost,  but  it  has  been  financed  from  the  proceeds  of 
bond  issues  and  without  any  local  assessment. 

A  more  modest  improvement  in  Philadelphia  is  the 
widening  of  Oxford  Ave.  through  the  village  of  Fox 
Chase.  This  was  originally  a  toll  road,  50  ft.  wide, 
and  is  occupied  by  a  double  track  surface  railroad. 
It  has  been  widened  to  70  ft.  for  a  distance  of  about 
1,200  ft.  through  the  center  of  the  village.  Some  of 
the  buildings  were  rebuilt  and  others  were  moved 
back  to  the  new  street  lines,  the  amount  paid  in  dam- 
ages being  about  $57,000. 

Two  instances  of  street  widening  are  taken  from 
Boston,  the  first  being  what  is  known  as  the  Pleasant 
St.  improvement.  This  consisted  of  a  widening  from 
about  40  ft.  to  60  ft.  for  a  distance  of  about  1,700  ft. 
The  work  was  carried  out  under  a  special  act  of 
the  legislature  passed  in  1911,  and  the  assessments 
were  limited  to  one-half  the  cost  and  the  area  of 
benefit  to  a  distance  of  125  ft.  from  the  line  of  the 
improved  street,  or  to  the  middle  of  the  block.  The 
total  cost  was  about  $681,000.  About  $137,000,  or  20 
per  cent,  was  assessed. 

Another  Boston  imprbvement  which  it  may  be  proper 
to  include,  although  its  purpose  was  not  so  much  to 
widen  a  street  already  congested  with  traffic  as  to 
substitute  for  a  narrow  alley  a  street  which  might  ac- 
commodate traffic,  is  what  is  known  as  the  Averj'  St. 
improvement.  This  consisted  of  a  widening  from 
about  16  ft.  to  40  ft.,  and  it  was  also  done  under  a  spe- 
cial act  of  the  legislature,  with  the  provision  that  the 
assessments  should  be  limited  to  one-half  of  the  ex- 
pense. Although  the  improvement  extended  for  a 
distance  of  only  400  ft.,  the  cost  was  over  $1,300,000, 
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of  which  amount  $601,000,  or  about  46  per  cent,  was 
assessed. 

The  method  of  establishing  new  building  lines  and 
progressively  carrying  out  a  widening  has  been  used 
very  infrequently  in  this  country,  although  it  is  quite 
a  common  practice  in  European  cities.  Probably  the 
best  examples  in  this  country  are  to  be  found  in  Phil- 
adelphia. A  well-knovsm  instance  is  that  of  Chestnut 
St.,  formerly  50  ft.  in  width,  which  was  widened  to 
60  ft.  on  the  city  plan  by  an  ordinance  adopted  in 
1884.  It  is  a  high-class  retail  shopping  street  and 
formerly  had  a  roadway  26  ft.  and  sidewalks  12  ft. 
wide,  the  additional  width  being  added  to  the  side- 
walks, the  roadway  remaining  unchanged.  Recent 
traffic  counts  showed  about  4,600  vehicles  passing  a 
given  point  on  this  street  between  5  a.  m.  and  9  p.  m. 
The  ordinance  provided  that  after  the  adoption  of  the 
new  lines  no  buildings  should  be  erected  or  no  build- 
ings should  be  rebuilt  or  altered  without  being  made 
to  conform  with  the  new  lines.  The  improvement  has 
been  in  progress  for  33  years,  and  has  been  completed 
for  the  greater  part  of  the  distance.  As  buildings 
have  been  set  back  the  ovraers  have  filed  petitions  for 
damages  and  in  general  awards  have  been  allowed 
for  ground  taken  where  the  abutting  lots  were  re- 
duced to  a  depth  of  100  ft.,  but  where  a  100-ft.  lot 
remained  no  awards  have  been  allowed.  Up  to  the 
present  time  the  awards  have  reached  a  total  of  more 
than  $500,000.  Walnut  St.  and  Arch  St.,  between  the 
Delaware  and  the  Schuylkill  Rivers,  are  both  being 
widened  in  this  same  manner,  the  former  from  50  to 
60  ft.  and  the  latter  from  66  to  72  ft. 

A  few  instances  are  to  be  found  in  this  country  of 
increasing  the  traffic  capacity  of  a  street  by  convert- 
ing one  or  both  of  the  sidewalks  into  roadway  and 
placing  new  sidewalks  in  arcades  under  the  buildings. 
Philadelphia  again  furnishes  a  notable  example.  Fif- 
teenth St.,  between  Market  St.  and  South  Penn  Square, 
has  a  width  of  50  ft.,  with  a  roadway  of  26  ft.  and 
sidewalks  of  12  ft.  each.  The  curb  on  the  east  side 
was  set  back  11  ft.,  or  within  1  ft.  of  the  street  line, 
while  a  sidewalk  19  ft.  in  width  was  provided  back  of 
the  new  curb  line  and  extending  18  ft.  under  the 
buildings.  This  improvement  was  also  extended  east- 
ward along  the  north  side  of  South  Penn  Square  be- 
tween 15th  and  Broad  Sts.  The  arcade  thus  formed 
has  been  treated  uniformly,  the  supporting  piers  are 
regularly  spaced  and  all  of  the  same  size,  and  the  re- 
sults of  this  treatment  have  been  very  satisfactory, 
the  shops  fronting  on  the  arcade  appearing  to  be  de- 
sii-able,  and  they  probably  command  good  rentals.  The 
total  length  of  this  arcade  on  both  streets  is  335  ft. 
and  the  cost  to  the  city  in  damages  paid  for  the  ease- 
ments and  the  reduction  of  available  floor  space  in 
the  buildings  amounted  to  $193,000. 

Where  the  rapid  development  of  a  particular  dis- 
trict may  be  reasonably  expected  or  where  it  is  neces- 
sary to  provide  more  adequate  street  capacity  in  order 
that  traffic  may  be  accommodated  and  suitable  transit 
lines  may  be  constructed  within  the  streets  at  some 
time  in  the  future  and  expensive  widenings  may  be 
avoided,  it  is  often  necessary  to  lay  out  streets  of 
generous  width  following  the  lines  of  existing  roads 
which  now  serve  as  connections  between  centers  of 
population,  the  importance  of  which  will  probably 
increase.  An  excellent  illustration  of  such  a  widening 
is  offered  by  Queens  Boulevard  in  the  City  of  New 
York.  This  boulevard  follows  streets  which  had  al- 
ready been  laid  out  and  acquired  at  widths  varying 
from  60  to  100  ft.  It  extends  from  the  Queensboro 
Bridge  across  the  East  River  to  Jamaica,  a  distance 


of  approximately  7  miles.  It  bisects  the  greater  por- 
tion of  the  Borough  of  Queens,  and  its  future  impor- 
tance as  a  traffic  artery  is  apparent.  For  about  6  of 
the  7  miles  it  was  given  the  exceptional  width  of  200 
ft.  and  for  the  remaining  mile  of  150  ft.,  the  point  of 
contraction  corresponding  with  its  junction  with  a 
proposed  intersecting  boulevard  varying  from  100  to 
150  ft.  in  width.  For  the  first  mile  the  central  portion 
of  this  street  will  be  occupied  by  a  three-track  ele- 
vated rapid  transit  railroad  built  of  concrete  and  of 
very  attractive  design.  Beneath  this  will  be  located 
the  surface  railway  tracks  and  there  will  be  a  wide 
traffic  road  on  each  side.  The  remainder  of  the  boule- 
vard, where  the  width  is  200  ft.,  is  to  be  divided  into 
a  central  roadway  of  44  ft.,  flanked  on  each  side  by 
park  spaces  of  30  ft.,  outside  of  which  will  be  road- 
ways 28  ft.  in  width,  each  one  of  which  will  accommo- 
date a  surface  track  railroad  adjacent  to  the  parked 
space.  This  generous  width  is,  of  course,  designed 
not  for  present  needs,  but  for  those  of  the  future, 
and,  inasmuch  as  the  abutting  owners  had  already 
provided  a  street  varying  from  60  to  100  ft.  in  width, 
only  20  per  cent  of  the  cost  of  the  acquisition  of  the 
land  needed  for  the  widening  is  to  be  assessed  upon 
a  zone  e.xtending  800  ft.  on  each  side  of  the  street, 
30  per  cent  is  to  be  imposed  as  a  special  tax  on  the 
Borough  of  Queens  and  the  remaining  50  per  cent 
is  to  be  paid  by  the  City  of  New  York  at  large. 

Another  example  is  taken  from  Philadelphia,  and  is 
that  of  Moyamensing  Ave.  This  street  was  widened 
from  50  ft.  to  148  ft.  for  about  V2  mile  southwest- 
wardly  from  Broad  St.  Its  extension  southwest- 
wardly,  however,  will  be  affected  by  the  widening  of 
Penrose  Ave.  from  50  to  248  ft.,  and  it  is  designed  to 
furnish  a  direct  through  traffic  route  between  Phila- 
delphia and  Chester.  The  section  148  ft.  in  width  is 
subdivided  into  two  18-ft.  sidewalks,  two  26-ft.  drive- 
ways and  a  central  planting  space  60  ft.  in  width. 
This  space,  however,  may  subsequently  be  used  in 
whole  or  in  part  for  the  widening  of  the  roadways, 
for  surface  railway  tracks  or  for  a  high-speed  elevated 
or  subway  transit  line. 

The  plan  of  making  future  widenings  possible  and 
economical  by  the  establishment  of  setback  lines  is 
relatively  new  in  this  country,  although  in  some 
American  cities  there  is  a  distinction  between  the 
street  line  and  the  building  line.  In  most  of  our  cities, 
however,  these  terms  are  considered  to  be  synony- 
mous. 

Setback  lines  have  actually  been  established  in  some 
of  the  smaller  towns  in  this  country.  For  example,  in 
Winchester,  Mass.,  building  lines  20  ft.  back  of  the 
street  lines  have  been  fixed  for  one  street  for  a  dis- 
tance of  ^4  mile.  On  the  chief  business  street  a  set- 
back of  15  ft.  on  both  sides  has  been  fixed  for  a  dis- 
tance of  1,000  ft.,  and  on  another  main  traffic  artery 
setbacks  of  20  ft.  on  both  sides  have  been  established 
for  a  distance  of  %  mile,  while  in  another  case  on  a 
short  section  of  a  business  street  a  setback  of  10  ft. 
on  one  side  and  12  ft.  on  the  other  has  been  pre- 
scribed. 


The  State  Highway  Department  of  Missouri  in  a 
lecent  bulletin  suggests  that  mudholes  sometimes  can 
be  remedied  by  drilling  dowTi  4  or  5  ft.  and  putting 
in  a  shot  of  dynamite  to  loosen  the  subsoil  and  pro- 
vide underdrainage. 
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Platting  Rules  of  City  Plan  Com- 
mission of  Toledo,  O. 

The  City  Plan  Commission  of  Toledo,  0.,  has  adopt- 
ed a  set  of  regulations  governing  the  platting  of  prop- 
erty that  will  greatly  facilitate  the  work  of  approving 
new  plats.  Any  plat  which  conforms  to  the  regula- 
tions may  be  approved  by  the  Service  Director  with- 
out further  action  by  the  Board.  The  new  rules  fol- 
low : 
Minimum  Requirements  for  a  Permanent  Record. 
Distances. — Lengths  of  all  lot  lines  and  overall  dis- 
tances around  outside  boundaries  of  plat  to  nearest 
1/100  of  a  foot. 

Angles — Angles  of  all  outside  corners  of  plat  and 
sufficient  angles  to  locate  various  interior  points  on 
plat. 

Angles  and  tangent  distances  or  center  angles  and 
degrees  of  curvature  shall  be  given  for  curved  streets 
or  drives. 

Monuments. — Not  less  than  two  granite,  medina 
stone,  or  approved  concrete  monuments  shall  be  lo- 
cated within  the  boundaries  of  simple  rectangular 
plats.  Sufficient  additional  stone  or  approved  con- 
crete monuments  shall  be  placed  on  larger  streets  to 
locate  all  streets  without  difficulty. 

Stakes. — Two-inch  by  2-in.  oak  stakes  shall  be  set 
en  all  lot  corners.  Gas  pipe  stakes  are  recommended 
for  block  corners. 

General. — All  plats  to  be  furnished  in  duplicate  on 
tracing  cloth,  20x30-in.   in   size. 

Plats  must  be  drawn  accurately  to  whatever  scale 
is  used. 

Rights  of  way,  granted  for  any  purpose,  shall  be 
correctly  shown.  Building  lines  and  t-egulations  as 
required  by  the  City  Plan  Commission  shall  be  shown 
or  recorded. 

Names  of  proposed  streets  must  not  be  the  same  as 
present  names  of  streets  or  similar  enough  to  cause 
undue  confusion. 

Two  weeks  shall  be  considered  a  reasonable  mini- 
mum time  for  checking  any  plat. 

(It  is  suggested  that  tentative  paper  drawings  be 
submitted  to  the  Commission  before  the  finished  trac- 
ings are  made.) 

Suggestions  to  Aid  in  Platting  of  Property. 
Blocks. — In  general  660  ft.  shall  be  considered  the 
unit  block   length.     This   may  be   varied  to   suit  to- 
pographical conditions  or  to  connect  proposed  to  ex- 
isting streets. 

Streets. — The  following  shall  be  considered  the  min- 
imum street  widths: 

Feet. 

Short   drives   or  courts 50 

Local    .streets     ....    '60 

Through  streets  (not  over  %  mile  apart)  and  streets  for  car 
tracks    70 

In  general,  however,  existing  streets  shall  be  ex- 
tended not  less  than  their  present  width.  Isolated 
plats  shall  have  streets  laid  out  to  connect  with  future 
extensions  of  important  streets,  although  these  streets 
do  not  reach  the  plat  at  present. 

Lots. — The  minimum  areas  of  lots  of  the  cheapest 
class  shall  be  approximately  3,500  sq.  ft.  The  mini- 
mum depth  of  such  lots  shall  be  approximately  100 
ft.  or  the  minimum  frontage  33  ft. 

On   boulevards,   or  in   better    class    residence   dis- 
tricts, this  minimum  may  be  increased  or  in  business 
districts,  etc.,  may  be  decreased  to  suit  surrounding      , 
conditions. 

Improvements. — Stone  sidewalks,  sanitary  sewers 
and  water  supply  shall  be  considered  minimum  im- 
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provements  to  be  installed  within  a  reasonable  time, 
to  be  determined  by  the  Commission  as  a  condition  of 
accepting  the  plat. 

Street  name  posts  with  enameled  steel  name  plates 
shall  be  installed  at  the  time  of  the  dedication  of  the 
plat. 


Cost  Data  on  Street  Gleaning  at 
Philadelphia 

Interesting  data  on  street  cleaning  costs  at  Phila- 
delphia are  contained  in  the  last  annual  report  of 
the  Bureau  of  Highways.  Special  block  tests  on  va- 
rious types  of  pavements  were  made  with  machine 
brooms,  the  average  costs  being  as  follows : 


ct. 

Granite     Block     24  6 

Brick     !....'*     193 

Wood  block   ...!.!!!..!!.!...!!!      le  6 

Sheet  asphalt 15  9 

Average  per  all  classes 22!6 

The  dirt  removed  per  1,000  sq.  yd.  of  pavement 
was  .158  cu.  yd.;  98  gal.  of  water  were  used  per  1,000 
sq.  yd.  cleaned.  On  the  regular  work  the  average  cost 
of  street  cleaning  with  machine  brooms,  based  on  the 
district  reports,  was  28.2  ct.  per  1,000  sq.  yd. 

The  unit  costs  per  1,000  sq.  yd.  of  street  cleaning  by 
other  methods  were  as  follows: 


Hose 

. Squee 

iree .^ 

Flushing. 

Flushing. 

Average 

Average 

Average 

Average 

Average 

from 

from 

from 

from 

District. 

Block 

District 

District 

District 

District 

number. 

Tests. 

Reports. 

Reports. 

Reports. 

Reports. 

1-A    

$0,131 

$0.:23 

SO.OS?. 

174 

.204 

.081 

2    

].^0 

.196 

.156 

.179 

.094 
.126 

.157 

.174 

$0,474 

.282 
.21S 

4-A    

1^6 

4-B    

115 

.115 

.140 

21S 

19' 

.111 
.174 

.182 

.150 

-Average    ...$0,148  $0,156  $0,157  $0,474  $0,153 

The  squeegee  used  240  gal.  of  water  per  1,000  sq.  yd. 
cleaned  and  the  flusher  used  522  gal.  The  amount  of 
dirt  per  1,000  sq.  yd.  removed  by  the  squeegee  was 
0.031  cu.  yd.;  the  blockmen  removed  0.051  cu.  yd.  per 
1,000  sq.  yd. 

The  squeegees  were  used  on  sheet  asphalt  and  wood 
block  streets  only. 

Flusher  dirt  was  removed  by  blockmen. 

The  cost  of  labor  and  equipment  per  day  was  as- 
sumed as  follows: 

.Superintendent    $  4.00    Squeegee     $  6.00 

Foreman     2.50    Auto  flusher   15.00 

Gangmen    1.75  Dirt — 

Blockmen     1.50        Wagon   5.00 

Pumpmen     1.50        Cart    3.50 

JIachine    broom     5.50    Sprinkler   5.00 


Output  of  Municipal  Asphalt  Plants,  Chicago,  III. — 

During  1916  the  municipal  asphalt  plants  of  the 
Bureau  of  Streets  of  Chicago,  111.,  turned  out  19,238 
tons  of  asphalt  top  and  binder  and  21,330  tons  of  as- 
phaltic  concrete.  The  detailed  cost  of  this  work,  ac- 
cording to  the  last  annual  report  of  the  Department 
of  Public  Works,  was  as  follows: 


\sphalt    Top:  Total. 

JIalerial    $33,897 

Labor    11,524 

Teams    10,860 


Totals    $56,281 

Vsphalt  Binder: 

Material    $19,580 

Labor     11.832 

Teams    11,478 


Per  ton. 
$3,625- 
1.2324 
1.1614 


$1.9845 
1.1992 
1.633 


Totals    $42,891 

sphaltic  Concrete: 

Material    $56,541 

Labor    19,152 

Teams    14,526 


!.6507 
.8979 
.6810 


Totals    $90,219 
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Comparative  Cost  of   Guard  Rail 

and  Flat  Side  Slopes  or 

Banquettes 

By  CHAS.  R.  THOMAS. 
Assistant   Engineer,   Construction   Service   Co.,   New   York. 

A  1  to'  4  slope  on  the  sides  of  a  fill  or  a  banquette 
along  the  edge  of  the  fill  is  cheaper  than  a  ly^  to  1 
slope  with  guard  rail  protection  until  a  certain  depth 
of  fill  is  reached. 

The  sinking  funds  necessary  to  construct,  main- 
tain and  reconstruct  a  linear  foot  of  wood  guard  rail 
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in  Massachusetts  as  determined  by  J.  A.  Johnson,  for 
many  years  a  division  engineer  of  the  Massachusetts 
Highway  Commission,  are  given  in  Table  I.  The 
table  also  gives  the  cubic  yards  of  borrow  at  various 
costs  per  cubic  yard  that  may  be  placed  for  the  amount 
of  the  sinking  fund. 

Figure  1  shows  the  cubic  yards  that  must  be  added 
to  a  1^2  to  1  slope  to  make  a  4  to  1  slope  for  various 


Cu  Yds  Addional  Required  i-o  Make  BanqueHei 
Fig.    2. 


heights  of  fill.  The  ground  is  assumed  to  be  level 
and  the  height  of  fill  is  the  vertical  distance  from 
the  outside  edge  of  the  shoulder  to  the  base  of  the 


TABLE  I.— COMPARATIVE  COST  OF  GUARD  RAIL  AXD  FILL 

(Cu.    yds.    of   borrow   that    can   be   paid    for   by   the   sinking    funrl 

necessary   to   construct,   maintain  and   reconstruct  v.  cod 

guard  rail    built    at    indicated    unit    prices.) 
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arrow 
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fill.  Figure  2  gives  similar  information  for  two  ban- 
quettes, the  slopes  being  taken  at  1%  to  1. 

The  economical  height  of  fill  at  which  the  use  of 
a  guard  rail  is  cheaper  than  a  4  to  1  slope  or  a  ban- 
quette may  be  determined  from  the  table  and  the 
curves. 

For  example,  if  guard  rail  costs  30  ct.  per  lineal 
foot  of  single  rail  and  borrow  (or  excavation)  60  ct. 
per  cubic  yard  it  is  seen  from  the  table  that  2  cu. 
yd.  of  borrow  may  be  placed  at  the  same  ultimate 
cost  as  a  lineal  foot  of  wood  guard  rail. 

From  Fig.  1  it  appears  that  the  equivalent  fill  is  6.4 
ft.  high.  Or  fills  up  to  6.4  ft.  in  height  may  be  given 
a  4  to  1  side  slope  for  the  same  ultimate  cost  as  a 
wood  guard  rail. 

From  Fig.  2  it  appears  that  the  equivalent  fill  for 
a  banquette  2  ft.  wide  on  top  and  2  ft.  high  above 
the  edge  of  the  shoulder  is  5.5  ft.  high  (shoulder  to 
base).  Or  fills  up  to  5.5  ft.  in  height  may  be  pro- 
vided with  a  banquette  for  the  same  ultimate  cost  as 
a  wood  guard  rail.  Similarly  fills  9  ft.  high  may  be 
provided  with  a  smaller  banquette  for  the  same  ulti- 
mate cost. 


Boxes  on  Motor  Trucks  Facilitate 
Handling  of  Road  Materials 

Boxes,  each  of  5  cu.  ft.  capacity,  are  used  on  motor 
trucks  for  hauling  broken  stone,  sand,  etc.,  at  the  U. 
S.  Naval  Station,  Guam.  This  method  of  handling 
road  building  materials  is  described  by  Mr.  G.  S.  Bur- 
rell.  Civil  Engineer,  U.  S.  Navy,  in  the  July  Public 
Works  of  the  Navy,  from  which  the  following  note  is 
taken : 

There  are  in  use  at  the  station  two  I'j-ton  gaso- 
line motor  trucks,  which  were  delivered  with  e.xpress 
bodies.  To  haul  cascajo  (a  partially  decomposed  coral) 
broken  .stone,  sand,  etc.,  with  these  trucks  would  ordi- 
narily be  rather  expensive  on  account  of  the  time  lost 
in  loading  by  shovel  and  the  expense  and  time  of 
shoveling  out  the  load  at  point  of  delivery.  In  order 
to  save  both  time  and  money,  the  sides  have  been 
temporarily  lifted  from  the  bodies  of  these  trucks  so 
as  to  permit  of  handling  material  in  boxes.  For 
each  truck  there  have  'been  constructed  two  sets  of 
eight  boxes  each.  The  inside  dimensions  of  the  boxes 
are  1  ft.  wide  by  15  in.  deep  and  4  ft.  long,  making  the 
capacity  5  cu.  ft.  each.  The  sides  are  e.xtended  to 
form  handholds.  The  boxes  are  bound  at  ends  and 
middle  with  galvanized-iron  straps. 

One  set  of  boxes  is  filled  at  the  point  of  loading, 
V  hile  the  other  set  is  in  transit.  As  there  are  eight 
boxes  to  a  load,  40  cu.  ft.  are  carried  at  a  time.  On  a 
1-mile  haul  22  round  trips  have  been  made  by  one 
truck  in  I'^i  hours,  thus  delivering  33  cu.  yd.  of  ma- 
terial and  traveling  44  miles.  On  a  3-mile  haul  14 
round  trips  have  been  made  in  7^2  hours  with  the 
same  sized  load,  making  a  total  mileage  of  84.  The 
boxes  serve  equally  well  for  road-building  materials, 
broken  stone,  sand,  and  occasionally  coal.  They  are 
proving  of  big  advantage  in  the  construction  of  the 
nev.'  radio  station.  Where  practicable  on  road  work 
a  2-yd.  dump  wagon  is  used  as  a  trailer  in  addition 
to  the  box  load  carried  on  the  truck  itself. 

The  cost  of  constructing  the  boxes  varies  from  $1 
to  $1.20  each,  including  both  labor  and  material.  The 
cost  of  a  set  is  saved  on  one  day's  hauling  if  the  haul 
is  not  over  1  mile  in  length.  Under  certain  conditions 
it  might  be  found  advantageous  to  use  a  somewhat 
smaller  box  to  make  easier  handling. 
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New  Consistency  Tester  for  Vis- 
cous Liquid  Bituminous 
Materials 

A  new  consistency  tester  for  bituminous  materials, 
having  a  wide  range  of  usefulness,  has  been  devised 
by  Prevost  Hubbard  and  F.  P.  Pritchard.  This  instru- 
ment was  described  by  Messrs.  Hubbard  and  Pritch- 
ard in  a  paper  presented  at  the  last  annual  meeting 
of  the  American  Society  for  Testing  Material,  from 
which  the  matter  following  is  taken. 

The  apparatus,  details  of  which  are  shown  in  Fig. 
1,  was  made  at  the  U.  S.  Bureau  of  Standards.  It  is 
3  in.  long,  weighs  2.8  g.  in  air  and  1.487  g.  in  water, 
and  has  a  specific  gravity  of  2.13.  The  circular  alum- 
inum disk  A,  1.25  in.  in 
diameter  and  0.008  in. 
thick,  is  riveted  to  the 
middle  of  the  aluminum 
rod  B  which  is  0.625  in. 
in  diameter.  It  is  also 
riveted  to  the  end  of  the 
hollow  aluminum  rod  C, 
0.25  in.  in  diameter  and 
1.3125  in.  long.  The  up- 
per end  of  rod  C  which  is 
solid  except  for  a  hole 
large  enough  to  allow  en- 
try of  the  small  rod  B  is 
turned  off  to  form  a 
square  shoulder.  This 
end  is  passed  through  a 
snug-fitting  hole  in  the 
center  of  the  disk  and  is 
used  to  rivet  the  disk  to 
the  two  rods  at  the  shoul- 
der. The  disk  carries 
two  holes  0.04  in.  in  di- 
ameter, placed  on  oppo- 
site sides  0.145  in.  from 
the  center.  The  lower 
end  of  rod  B  is  threaded 
and  screws  into  the  coni- 
The  bottom  weight 
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ical  aluminum  bottom  weight  D 
has  a  0.1875-in.  taper  running  to  the  same  diameter 
as  rod  C.  Its  upper  end  is  turned  off  so  as  to  fit 
snugly  into  the  hollow  end  of  rod  C  when  it  is  screwed 
to  rod  B.  The  upper  end  of  rod  B  carries  two  scale 
markings  filled  with  red  banking  enamel,  one  0.25  in. 
and  the  other  1.25  in.  above  the  disk.  The  upper 
edges  of  these  markings  are  exactly  1  in.  apart.  The 
instrument,  which  weighs  normally  1.8  g.,  is  filled 
with  fine  lead  shot  to  a  weight  of  exactly  2.8  g. 

A  special  bitumen  container  is  used  with  this  in- 
strument. It  consists  of  a  cylindrical  flanged  copper 
cup  2  in.  in  diameter  and  3''i  in.  deep,  which  is  placed 
in  a  water-bath  fitted  with  a  stirrer  passing  through 
the  flange  of  the  cup.  The  flange  is  also  provided  with 
a  small  hole  for  the  insertion  of  a  thermometer  in  the 
bath. 

Before  making  a  test,  the  bituminous  material, 
which  fills  the  inner  compartment  of  the  water-bath, 
is  brought  to  a  temperature  of  exactly  25°  C,  which 
must  also  be  maintained  in  the  bath  throughout  the 
test.  The  surrounding  atmosphere  should  also  be  as 
close  to  25°  C.  as  possible.  When  filling  the  container 
it  is  important  that  no  air  bubbles  be  imprisoned  in 
the  bituminous  material,  as  they  are  apt  to  materially 
retard  the  passage   of  the  instrument.    Viscous   ma 


terials  should  be  warmed  before  pouring  them  into 
the  container  and  should  then  be  allowed  to  cool  to 
25°  C.  before  making  the  test.  If  air  or  gas  bubbles 
rise  to  the  surface,  they  should  be  removed  from  time 
to  time  with  a  tiny  flash  point  jet  until  the  surface  of 
the  material  remains  perfectly  smooth. 

The  test  is  made  by  allowing  the  instrument  to  sink 
of  its  own  weight  in  the  bituminous  material  from 
the  upper  edge  of  the  lower  scale  marking  to  that  of 
the  upper  marking,  and  noting  the  time  required. 
When  placing  the  instrument  in  the  material,  the 
disk  should  first  strike  it  at  an  angle  and  then  be 
permitted  to  settle  until  it  lies  flat.  This  precaution 
eliminates  the  chance  of  imprisoning  air  under  the 
disk.  In  the  case  of  very  viscous  materials,  when  it 
is  necessary  to  push  the  disk  below  the  surface,  the 
top  of  the  lower  scale  marking  should  never  be  lower 
than  the  general  level  of  the  material  in  the  container, 
when  the  actual  test  is  started.  Any  surface  deforma- 
tion due  to  such  procedure  should  first  be  allowed  to 
correct  itself.  After  a  test  has  been  made  the  instru- 
ment should  be  removed  and  allowed  to  drain.  It 
should  then  be  immersed  in  a  beaker  of  solvent  for  a 
few  minutes  and  then  carefully  dried.  Gas  holder 
oil,  carbon  disulfide  or  solvent  naphtha  will  be  found 
convenient  for  use  as  a  cleaning  solvent.  If  the  ma- 
terial is  very  viscous,  the  instrument  may  be  allowed 
to  drain  in  an  oven  at  about  100°  C.  for  a  few  min- 
utes before  immersing  it  in  the  solvent.  As  it  is  made 
of  aluminum  it  should  of  course  never  be  heated  in  a 
free  flame. 

This  instrument  was  found  to  have  a  wide  range 
of  usefulness.  At  normal  temperatures  it  may  be 
used  for  all  bituminous  materials  outside  of  the  range 
of  the  Engler  viscosimeter  and  the  usual  penetration 
machine.  When  used  in  connection  with  a  representa- 
tive set  of  commercial  bituminous  road  materials,  it 
was  found  that  comparatively  few  materials  whose 
penetration  at  25°  C.  could  not  be  ascertained  required 
more  than  30  minutes  for  a  test  with  the  new  instru- 
ment. In  fact,  most  of  the  material  prepared  for  hot- 
surface  treatment,  showed  a  test  of  less  than  15  min- 
utes. 


Comparative   Costs   of  Street  Sprinkling 

with  Motor  Trucks  and  Horse 

Drawn  Tanks 

A  recent  report  of  the  Board  of  Public  Works  of 
Los  Angeles,  Cal.,  gives  the  comparative  costs  of  street 
sprinkling  with  motor-driven  sprinklers  and  with 
team-hauled  tanks. 

Savings  in  money  and  water,  more  efficient  sprin- 
kling and  relief  of  traffic  conditions  were  among  the 
benefits  reported  after  a  year's  use  of  the  motor- 
driven  trucks  as  shown  by  the  following  table: 
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Total   team  days  of  S  hours  eaoh... ,n2'?j9 

Loads  o(  water  used,   550  gal.   per  loaa "^''^■J/i 

Average   loads  of  water  used  per  day   (per  team) ,7  onq, 

Miles   of   streets    sprinkled ■ ;■••:<  '■  >  ,» 

ililes  of  streets  sprinlcled  per  day,  average  (per  team)  4.3^ 

Cost  for  team  hire .■■,;-l *  »i  nS- 

c"ost  for  team  hire  per  mile  of  street  sprinkled ji.usi 

Motor  Sprinkling: 

Total  truck  days  of  S  hours  each ■'■lo^cfs 

Loads  of  water  used,    1,200  gal.   per   load 49.blS 

Average  loads  of  water  used  per  day  (per  truck) IniW 

Miles    of    streets   sprinkled • ■ ••   '"■■'"^■ii 

Miles  of  streets  sprinkled  per  day.   average  (per  truck)  li.^^ 

Cost  for  truck   hire • .■•,•,■•; *     'in  «« 

Cost  for  truck  hire  per  mile  of  street  spnnkled. . .  . . . . .        jq.SW 

•This  is  a  rate  of  a  load  in  17  min.  for  the  team  tank,  sprmk- 

lins  ,s20  ft.   of  street. 

tThis  is  a  rate  of  a  load  in  11  min.  for  the  truck  tank,  sprink- 
,170  ft.  of  street. 
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Gravel  Plant  Transported  from  Job 
to  Job  by  Motor  Trucks 

A  portable  gravel  plant  capable  of  producing  200 
cu.  yd.  of  road  material  per  day  is  being  used  on  high- 
way construction  for  Kane  County,  Illinois.  The  out- 
fit consists  of  a  crusher,  screen,  elevator  and  bin. 
Power  for  operating  the  plant  is  supplied  by  a  gaso- 
line tractor.  The  bin  has  a  capacity  of  15  cu.  yd. 
and  is  so  built  that  it  can  be  easily  transported  on  a 
motor  truck.  The  screen  is  mounted  on  a  trailer.  The 
material  is  brought  to  the  plant  by  teams  and  scrap- 
ers and  is  separated  by  the  screen  before  it  is  crushed. 
Both  the  crushed  gravel  and  the  finer  gravel  are  de- 
posited in  the  bins  by  the  same  elevator. 

The  lower  part  of  the  supports  of  the  bin  are  de- 
tachable. In  moving  from  one  job  to  another  the 
lower  ends  of  the  posts  and  the  sills  are  removed  and 
the  bin  body  lowered  upon  a  motor  truck.     The  out- 


Bituminous  Surfaces  for  Macadam 
Roads* 

While  a  number  of  failures  in  the  use  of  surface 
treatments  of  bituminous  materials  have  been  due  to 
the  use  of  unsuitable  materials,  a  greater  number  of 
poor  results  can  be  attributed  to  carelessness  and 
lack  of  knowledge  in  connection  with  the  methods  of 
application.  A  good  material  will  seldom  if  ever 
produce  the  desired  results  with  improper  handling, 
while  a  material  of  inferior  quality,  if  carefully  and 
properly  used,  will  in  many  cases  give  fair  service. 
The  strictest  adherence  to  the  principles  involved  in 
the  application  of  these  materials  is  necessary  if  suc- 
cess is  to  be  attained  in  their  use. 

Cold  Surface  Treatments. — In  the  case  of  newly 
built  macadam  roads  it  is  not  advisable  to  apply  the 
bituminous  material  immediately  following  the  com- 
pletion of  construction.     The  reason  for  this  is  the 


Gravel   Plant  En   Route  to   Ne 


fit  in  traveling  order  is  shown  in  one  of  the  accom- 
panying illustrations. 

The  plant  was  designed  by  Mr.  George  N.  Lamb, 
County  Superintendent  of  Highways. 


Maintenance  Costs  of  Pavements  in  Chicago. — Ap- 
proximately $442,000  were  expended  in  1916  by  the 
Bureau  of  Streets  of  Chicago,  111.,  for  repairs  to  pave- 
ments. The  following  table  from  the  last  annual  re- 
port of  the  Department  of  Public  Works  shows  the 
cost  of  repairing  the  various  types: 

Creosoted  Granite 

Asphalt.  Brick.  block.  block.     Macadam. 

Sg.      yds.      mainte- 
nance     9,497.117  2.040.327  213,700  1,599,829     10,689,000 

.Sq.    yds.    repaired..     144.280  49,714         6,907  73.732  763,497 

Total    cost    $155,406  $57,799  $10,940  $44,881        $172,942 

Repair  cost  per  sq. 

yd $1.0771  $1.1C26  $1.5847  $0.6087           $0.2265 

Maintenance       cost 

per   sq.    yd $0.0163  $0.0283  $0.0512  $0.0280          $0.0161 


The  operating  cost  during  July  of  the  14  automo- 
biles owTied  by  the  city  of  San  Diego,  Cal.,  was  4.3 
ct.  per  mile.  This  cost  includes  all  shop  repairs,  tires, 
tubes,  fuel  and  oil.  The  machines  covered  17,282 
miles. 


The  average  cost  of  street  cleaning  at  San  Diego, 
Cal.,  with  vacuum  cleaners  for  the  first  7  months  of 
this  year  was  18.397  ct.  per  1,000  sq.  yd.  for  machine 
No.  1,  and  10.69  ct.  for  machine  No.  2. 


Kane  County   Gravel   Plant   in   Operation. 

fact  that  for  the  proper  bonding  of  the  macadam  a 
certain  amount  of  moisture  is  necessary,  and  that  the 
covering  of  the  surface  with  a  waterproof  material 
prevents  moisture  from  being  absorbed  into  the  sur- 
face and  forming  the  required  bond.  While  the  water 
applied  during  the  final  stages  of  construction  is  es- 
sential, a  new  road  derives  great  benefit  from  occa- 
sional showers  of  rain  and  moisture  absorbed  from 
the  atmosphere. 

While  it  is  impossible  to  set  forth  any  definite  rule, 
no  two  sets  of  conditions  being  the  same,  it  is  gen- 
erally understood  that  the  macadam  road  should  have 
carried  traffic  for  at  least  one  month  prior  to  the  ap- 
plication of  even  a  cold  surface  treatment.  This  gives 
the  bond  in  the  road  time  to  set  up,  and  any  settlement 
in  the  surface  will  become  apparent  and  can  be  rec- 
tified before  the  oil  or  tar  is  applied. 

The  fact  that  the  road  is  eventually  to  be  treated 
does  not  relieve  the  superintendent  or  foreman  from 
any  responsibility  in  connection  with  the  details  of 
construction.  It  is  an  infallible  rule  that  the  better 
the  road  is  built  the  greater  will  be  the  effects  of 
bituminous  applications.  The  assumption  that  the 
material  to  be  applied  will  aid  in  the  bonding  of  the 
road  surface  is  a  forerunner  of  failure,  as  experience 
has  proved.  Nor  will  the  application  of  these  mate- 
rials be  eflFective  in  the  case  of  an  old  road  unless  the 
surface  is  in  a  proper  state  of  repair.    The  time  to  fill 
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ruts  and  depressions  is  before  the  bituminous  treat- 
ment, not  afterwards. 

A  clean  surface  is  essential;  tar  or  oil  applied  to 
the  road  over  a  layer  of  dust  and  dirt  is  wasted  and 
occasions  discomfort  instead  of  comfort  to  the  travel- 
ing public.  Surface  treatments  are  for  the  prevention 
of  the  formation  of  dust  as  well  as  for  the  prevention 
of  its  removal  from  the  road.  Consequently,  if  the 
material  is  applied  to  a  dusty  road,  it  is  impossible  for 
it  to  come  in  contact  with  the  hard  surface  and  its 
effect  is  almost  entirely  lost. 

If  the  road  to  be  treated  is  wide  enough  for  two 
lines  of  traffic,  one  half  should  be  closed  and  signs 
posted  stating  that  the  road  is  being  oiled  and  in- 
structing traffic  to  proceed  with  caution.  In  the  case 
of  narrow  roads  they  should  be  entirely  closed  to 
traffic  for  short  stretches  at  a  time  and  provision  made 
for  detours.  It  is  impossible  to  properly  apply  bi- 
tuminous materials  on  a  road  that  is  carrying  traffic. 

Providing  the  surface  requires  no  repairs,  or  that 
these  have  been  made,  the  road  should  be  thoroughly 
swept.  This  does  not  mean  a  light  sweeping  with 
hand  brooms,  which  removes  the  loose  dust  only,  but 
a  thorough  cleaning,  which  removes  not  only  the  loose 
material  from  the  surface,  but  also  the  dust  and  binder 
from  around  the  top  of  the  stone  in  the  surface.  Stiff 
stable  brooms  can  be  used,  but  better  results  will  at- 
tend the  use  of  a  horse-drawn  street  sweeper  with  a 
revolving  brush.  One  sweeping  should  not  be  con- 
sidered sufficient,  but  the  operation  should  be  repeated 
until  the  mosaic  on  the  surface  stands  out  clean  and 
clear.  Not  till  then  is  the  surface  ready  for  the  tar 
or  oil. 

The  materials  usually  come  in  tanli  cars  of  from  6,000 
to  8,000  gal.  capacity,  except  in  the  case  of  small  ship- 
ments, when  the  material  is  put  up  in  barrels  or  steel 
drums.  In  the  majority  of  cases  tank  car  shipments 
are  made. 

In  applying  fluid  bituminous  materials  a  distributor 
wagon  should  be  used;  a  water  sprinkling  tank  is 
suitable,  but  will  have  to  be  fitted  with  a  spraying  at- 
tachment with  a  control  valve  and  openings  of  suffi- 
cient size  to  allow  the  uniform  distribution  of  the  ma- 
terial in  desired  quantity.  The  length  of  the  distrib- 
utor should  be  sufficient  to  cover  the  entire  surface  in 
the  case  of  very  narrow  roads,  or  shorter,  in  order 
that  the  application  can  be  made  in  two  or  more  strips 
on  wide  roads.  There  should  not,  however,  be  any 
part  of  the  surface  uncovered,  and  the  distributor 
should  always  travel  in  one  direction. 

The  applications  should  be  made  during  warm 
weather,  when  the  road  is  thoroughly  dry  and  there 
is  no  indication  of  rain.  While  warm  the  material 
will  spread  more  uniformly,  and  in  the  absence  of 
moisture  will  penetrate  and  adhere  more  strongly  to 
the  road  surface. 

The  quantity  of  material  applied  will  depend  on 
the  grade  used  and  the  condition  of  the  surface.  From 
1/5  to  14  Imp.  gal.  per  square  yard  is  the  usual 
amount.  A  stretch  of  road  should  be  measured,  the 
area  calculated,  and  the  valve  on  the  distributor  regu- 
lated till  the  desired  application  is  obtained.  Expe- 
rience is  the  best  guide  in  this  matter. 

The  advisability  of  applying  a  coating  of  clean  sand 
or  fine  gravel  will  also  depend  on  the  conditions  men- 
tioned above.  With  some  materials  it  has  not  been 
found  necessary;  with  others  it  is  required,  in  order 
to  prevent  the  material  adhering  to  the  tires  of  the 
vehicles.  Where  it  is  applied,  a  period  of  several 
hours  should  elapse  between  the  application  of  the  oil 
or  tar  and  the  spreading  of  the  sand,  in  order  that 
the  bituminous  material  may  spread  over  and  pene- 
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trate  the  road  and  "seal  up."  The  sand  when  applied 
will  then  absorb  any  excess  material  and  permit  the 
road  being  opened  to  traffic  earlier  than  when  it  is  not 
used. 

Hot  Surface  Treatments. — The  principles  governing 
the  successful  use  of  materials  for  cold  surface  treat- 
ments are  the  same  when  the  materials  used  are  of 
such  consistency  that  they  require  preheating.  The 
chief  difference  is  in  the  method  of  application. 

Where  small  stretches  of  road  are  to  be  treated  the 
material  may  be  applied  by  hand.  It  will  usually  be 
shipped  in  drums  or  barrels  and  can  be  heated  in 
small  portable  heating  kettles,  of  which  there  are  a 
number  of  types,  and  applied  with  hand  sprinklers. 
Usually,  however,  the  work  is  of  such  a  size  that  tank 
car  quantities  are  purchased  and  distributing  wagons 
used.  In  this  case  it  is  advisable  that  the  material 
be  applied  under  pressure,  as  by  this  means  a  greater 
bond  with  the  surface  of  the  road  is  obtained  and  the 
scrubbing  action  of  the  spray  cleans  the  minute  par- 
ticles of  dust,  which  it  is  impossible  to  remove  other- 
wise, from  the  road. 

The  tank  cars  in  which  hot  application  materials 
are  shipped  are  fitted  with  interior  steam  coils  in 
order  that  the  material  may  be  heated  quickly.  It 
will  be  necessary  to  provide  a  small  steam  boiler,  of 
approximately  20  H.P.  capacity,  at  the  siding  and  con- 
nect it  to  the  heating  coils  of  the  car.  The  length  of 
time  required  to  render  the  material  sufficiently  fluid 
to  be  transferred  to  the  distributing  wagon  is  ap- 
proximately 48  hours,  the  transfer  of  the  material  to 
the  distributor  being  accomplished  by  applying  steam 
pressure  to  the  top  of  the  tank  and  attaching  a  pipe 
from  the  bottom  of  the  tank  to  the  distributor. 

Distributing  wagons  are  self-propelled  or  are  de- 
signed to  be  drawn  by  the  roller  and  are  provided 
with  heating  coils  to  which  the  boiler  of  the  roller  is 
connected.  This  keeps  the  material  hot  and  at  the 
same  time  steam  is  utilized  to  secure  the  desired  pres- 
sure at  the  nozzles. 

The  distributing  arrangement  may  be  in  the  form  of 
nczzles  which  are  controlled  by  valves,  and  apply  the 
material  in  the  form  of  fan-like  jets,  an  ordinary 
sprinkler,  or  a  hose  with  a  nozzle  may  be  attached 
to  the  distributing  wagon  and  guided  by  hand.  In 
each  case  skill  and  experience  are  necessary  to  obtain 
the  proper  application. 

The  quantity  used  in  hot  surface  treatments  may 
vary  from  Vi  to  Vo  Imp.  gal.  per  square  yard  of  sur- 
face. The  grade  of  material  used,  the  condition  of 
the  road  and  the  thickness  of  carpet  desired  will  gov- 
ern this. 

Shortly  after  the  application  of  the  material,  as 
soon  as  it  has  had  time  to  "seal  up,"  the  surface 
should  be  covered  with  a  layer  of  pea  gravel,  clean 
stone  screenings  or  very  coarse,  clean  sand.  This 
should  be  applied  in  small  quantities  and  .spread  uni- 
formly, an  excess  being  avoided.  The  result  should 
be  a  thin  mat  or  carpet  on  the  surface,  composed  of 
the  bituminous  material  and  the  fine  aggregate. 

A  thick  bituminous  coat  is  not  desirable,  as  experi- 
ence has  shown  that  it  will  not  adhere  uniformly  to 
the  surface  and  will  wave  and  shove  under  traffic. 
Better  practice  recommends  successive  applications  in 
small  quantities,  which  results  in.  retaining  on  the 
surface  of  the  road  a  thin,  tough,  impregnated  film. 

Surface  Binders — Penetration  Method. — A  bitumi- 
nous surface,  constructed  by  the  penetration  method, 
may  be  laid  either  on  a  new  foundation  or  on  an  old 
macadam  road,  the  traffic  on  which  demands  a  surface 
of  this  type.  In  the  case  of  a  road  which  has  been 
under  traffic   for  a   number  of  years,   with   resulting 
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ruts  and  depressions,  the  surface  should  be  lightly 
scarified;  with  the  grading  machine  the  contour 
should  be  reformed;  new  stone  or  gravel  applied; 
and  rolling  continued  until  an  even,  dense  surface  is 
obtained.  On  such  a  foundation  a  new  wearing  course, 
carefully  constructed,  will  give  excellent  service. 

Crushed  stone  of  a  size  commonly  known  as  "2-in.," 
but  which  should  be  more  definitely  specified  as  mate- 
rial all  of  which  will  pass  a  2-'5.4-in.  circular  opening 
and  be  retained  by  a  l^^-in.  circular  opening,  should  be 
used  for  the  surface.  The  compacted  depth  of  the  sur- 
face course  should  be,  in  general,  3  in.,  but,  as  circum- 
stances will  decide,  a  greater  depth  may  be  advisable. 
The  minimum  depth,  however,  should  not  be  less  than 
3  in.  The  material  should  be  spread  on  the  surface 
of  the  foundation  evenly  and  well  compacted  with  a 
roller  weighing  at  l*ast  10  tons.  All  unevenness  and 
depressions  should  be  eliminated  and  the  surface 
brought  to  an  even  grade  and  crown.  It  is  then  ready 
for  the  application  of  the  bituminous  binder. 

Binders  are  solid  at  ordinary  temperatures  and  will, 
therefore,  require  heating  before  they  can  be  handled. 
They  will  be  shipped  in  tank  cars  fitted  with  internal 
heating  coils,  and  should  be  heated  in  the  same  man- 
ner as  hot  surfacing  materials.  The  temperature  to 
which  asphaltic  binders  should  be  heated  is  between 
200  and  .300'  F.  and  that  for  tar  binders  should  be 
lower,  between  200  and  250"  F.  The  upper  limit  of 
temperature  should  not  be  exceeded,  as  there  is  danger 
of  injuring  the  material  when  this  is  done. 

In  order  to  obtain  a  penetration  to  as  great  a  depth 
as  possible  a  pressure  distributor  should  be  used, 
pressure  being  obtained  by  means  of  a  pump,  in  the 
case  of  self-contained  distributors,  or  by  steam  when 
a  distributing  wagon  is  drawn  behind  the  roller. 
Pressures  used  will  vary  with  the  type  of  distributor, 
but  should  be  in  the  neighborhood  of  50  lb.  per  square 
inch. 

When  it  is  necessary  to  apply  the  material  in  suc- 
cessive strips  great  care  must  be  taken  that  the  strips 
do  not  overlap  to  any  great  extent,  as  an  excess  ol 
material  will  form  a  narrow  ridge  in  the  center.  On 
the  other  hand,  there  should  not  be  a  strip  of  the  sur- 
face which  has  not  received  the  proper  amount  of 
material.  A  method  which  has  been  used  with  suc- 
cess to  avoid  these  two  objectionable  conditions  con- 
sists of  laying  a  strip  of  heavy  building  paper  at  the 
edge  of  the  first  application  and  overlapping  with  the 
second  application.  The  paper  is  then  removed  and 
destroyed. 

The  amount  of  material  which  should  be  applied 
will  be  in  proportion  to  the  thickness  of  the  surface. 
For  a  compacted  surface  3  in.  thick  the  amount  of 
bituminous  material  required  to  fill  the  voids  is  ap- 
proximately 1^2  Imp.  gal.  per  square  yard  of  surface. 
When  the  course  is  greater  than  3  in.  in  thickness  the 
amount  of  binder  should  be  increased  in  proportion. 

This  should  be  followed  by  a  thin  layer  of  clean, 
crushed  stone,  all  of  which  passes  a  1'2-in.  circular 
opening  and  is  retained  by  a  %-in.  or  ^s-in.  circular 
opening.  It  should  be  spread  uniformly  and  rolled 
with  a  10-ton  roller  until  it  is  thoroughly  compacted, 
fills  the  voids  in  the  larger  stone,  and  the  surface  is 
even  and  true  to  grade  and  crown. 

In  some  instances  a  seal  coat  of  material,  at  the 
rate  of  i/4  to  ^2  Imp.  gal.  per  square  yard,  is  used, 
being  applied  after  the  small  stone  has  been  rolled 
and  all  the  loose  material  swept  off  the  surface.  The 
use  of  a  seal  coat  is,  however,  not  universal,  and  the 
question  of  its  application  should  be  decided  by  the 
engineer  or  superintendent. 


Economical  Proportions  for  Port- 
land Cement  Mortars  and 
Concretes 

In  a  paper  presented  at  the  last  annual  meeting  of 
the  American  Society  for  Testing  Materials,  Mr.  J.  A. 
Kitts  submitted  some  interesting  data  on  the  limits 
of  economical  proportions  for  mortars  and  concretes. 
His  paper,  an  abstract  of  which  is  given  below,  was 
based  on  the  theory  that  the  maximum  efficiency  pro- 
portion for  a  mortar  or  a  concrete  is  controlled  largely 
by  the  proportions  of  voids  in  the  respective  aggre- 
gates : 

Mortars. 

A  mortar  is  a  mixture  of  sand,  cement  and  water  in 
various  proportions.  The  question  of  scientific  inter- 
est is:  What  determines  the  mixture  of  ma.ximum  ef- 
ficiency? 

Sands  vary  in  physical,  chemical  and  mechanical 
structure,  causing  a  variation  in  the  specific  gravity 
and  percentage  of  voids,  and  these  latter  cause  a  vari- 
ation in  the  weight  per  cubic  foot  or  aggregate  specific 
gravity.  An  important  consideration  in  the  study  of 
a  large  number  of  mortars  from  a  large  number  of 
aggregates  is  that  of  comparison.  A  study  of  the 
characteristics  of  various  sands  will  show  that  mor- 
tars are  not  comparable  either  in  arbitrary  weight 
proportions  or  in  arbitrary  volumetric  proportions. 
What,  then,  determines  the  conditions  for  comparison 
of  the  mortar  from  one  sand  with  that  of  another? 

An  analysis  of  the  results  indicated  in  Prof.  M.  0. 
Withey's  tests  of  mortars'  throws  considerable  light 
on  the  two  preceding  questions.  In  these  tests  mor- 
tars were  made  in  1 :2,  1 :3,  1 :4  and  1 :5  weight  pro- 
portions and  the  following  tests  made:  Unit  tensile 
strength;  unit  compressive  strength;  leakage  of  water 
through  specimens  2  in.  thick  with  pressures  of  10  and 
40  lb.  per  square  inch;  density;  yield;  and  compressive 
strength  in  proportion  to  cost.  Tables  I  and  II  show 
the  physical  and  mechanical  characteristics  of  eleven 
of  the  sands  used  in  these  tests. 

Tables  III  and  IV  show  the  variations  of  the  vol- 
umetric and  void  conditions  common  to  simple  weight 
proportioning. 

Table  III  is  computed  by  the  following  equation : 

Ag^.  Volume  Sand  \A't.  Proportion  Sand 


Volume  Cement       Wt.  Proportion  Cement 
?g.  Sp.  Gr.   Cement 

(1) 


Agg.   Sp.  Gr.  Sand 
sregate     Specific    Gravity 


ific  Gravity.  (2) 


(1  —  Proportion 
Weight,  in  lb.  per  cu.  ft. 


Df    Voids)  X  Spe- 


=    110/62.5 

Table  IV  is  computed  by  the  following  equation: 

j1.  of  Cement  Paste  .^gg.  Sp.  Gr.  of  Sand 


(3) 


Vol.  of  Voids;  in  Sand         Age.    Sp.    Gr.    of  Cement    X    Wt.   Pro- 
portion of  Sand  X  Voids  in  Sand 

Table  III  shows  that  the  volumetric  proportions  cor- 
responding to  the  1 :2  weight  proportions  vary  from 
1:1.77  to  1:2.41,  the  1:3  weight  from  1:2.65  to  1:3.62 
volume,  1 :4  weight  from  1 :3.54  to  1 :4.82  volume,  and 
the  1:5  from  1:4.42  to  1:6.03.  Table  IV  shows  the 
proportions  of  voids  in  the  sands  filled  with  cement 
paste  varying  from  0.91  to  2.03  for  the  1 :2  weight 
proportion,  from  0.61  to  1.35  for  the  1 :3.  from  0.46 
to  1.01  for  the  1:4,  and  from  0.37  to  0.81  for  the  1:5 
proportion.     Nothing  could  better  illustrate  the  fal- 
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lacy  of  the  practice  of  comparing  work  sands  with 
standard  sand  in  1 :3  weight  proportions. 

Neither  is  there  a  basis  of  comparison  in  a  fixed  vol- 
umetric proportion.  In  1 :3  volumetric  proportions  the 
proportions  of  the  voids  in  the  sands  filled  with  cement 
paste  would  vary  from  0.73  to  1.20  for  the  11  sands, 
as  shown  in  Table  V.  It  must  be  admitted,  from  a 
scientific  or  practical  consideration  of  a  mortar,  that 
a  very  important  function  of  the  cement  is  to  fill  the 
voids  in  the  sand;  and  it  cannot  be  expected  that  a 
mortar  in  which  the  volume  of  cement  paste  is  equal 
to  only  73  per  cent  of  the  volume  of  voids  in  the  sand 
is  comparable  with  that  in  which  the  cement  paste  is 
equal  to  120  per  cent  of  the  voids. 

Assume,  for  example,  that  si'x  mortars  of  a  certain 
sand  and  cement  are  made  in  which  the  ratio  of  the 
volume  of  cement  paste  to  the  volume  of  voids  in  the 
sand  has,  respectively,  the  values  of  0.50,  0.75,  1.00, 
1.50,  2.00  and  3.00.    It  is  reasonable  to  anticipate  that 


TABLE     I.- 

-PROPERTIES     OF     S.\NDS.         (FROM       W'lTHEY'S 

TABLE  I.) 

V\ 

eight  per 

cubic  foot,  Specific      Voids,          Silt.     .Absorption, 

Sand.  Xo. 

lb. 

Gravity,  peir  cent,  per  cent,  per  cent. 

..   104.1 

2.65 
,2.66 

37.0 
36.5 

3.0 

Sd.    1 

..    105.2 

0.19 

Sd.    2 

..   106.9 

2.74 
2.68 
2.63 

35.2 

3S.2 

'    39.8 

1.3 
0.8 
1.2 

0.49 

Sd.    S 

..   101.8 
. .     98.9 

0.27 

Sd.    4 

0.04 

Sd.    5 

..     91.2 

2.67 
2.7S 

45.3 
36.6 

0.5 
1.6 

0.17 

Sd.    7 

..   105.2 

0.41 

Sd.    S 

. .   10.:).3 

2.70 

36.4 

1.5 

0.18 

Sd.    !) 

..   105.5 

2.75 

36.0 

0.7 

0.51 

..   120.3 

2.77 
2.72 

27.9 
35.0 

6;4 

0.29 

Sd.    11 

..   10S.7 

0.11 

TABLE   11.- 

-SIEVE   ANALYSIS   OF  SANDS.    (FROM  WITHET'Si 

— 

TABLE  II.) 

Percentage  by  Weight  Passing  Sieves 

Nos.  L'^niformity 

Sand  No. 

10 

20 

30 

40 

50           74 

100  Coefficient 

Standard    . . 

100.0 

100.0 

0.0 

Sd.    1    

SG.4 

es.5 

n9.0 

25.0 

9.1         5.4 

2.8 

3.0 

Sd.    2    

SI. 2 

70.9 

61  4 

52.4 

34.5       17.9 

9.7 

2.6 

Sd.    3    

91.9 

72.7 

3!i  7 

26.4 

13.7         4.2 

1.2 

2.4 

Sd.   4    

100.0 

99.5 

95.  X 

88.8 

62.5       22.1 

8.6 

l.S 

Sd.    5    

100.0 

99.9 

99. S 

99.1 

67.6       18.2 

5.7 

L8 

Sd.    7    

67.7 

44. & 

2.S9 

17.8 

11.2         3.8 

2.2 

4.7 

Sd.    8    

82.0 

72.5 

55 ;-; 

3S.6 

16.1         3.6 

L9 

2.6 

Sd.    9    

66.8 

22.7 

13  9 

10.3 

4.9         2.4 

L4 

3.7 

Sd.    10    

S9.7 

48.8 

34  0 

26.3 

17.4         8.7 

6.5 

6.9 

Sd.    11    

72.0 

47.7 

23.8 

12.0 

4.3         0.7 

0.5 

3.4 

TABLE    III 

—VOLUMETRIC 

PROPORTIONS 

FOR 

SIJIPLE 

WEIGHT    PROPORTIONS. 

Weight  Proportions. 

Sand  No. 

1:2 

1:3 

1:4 

1:5 

Sd.    10    

.   1:1.77 

1:2.65 

1:3.54 

1:4.42 

Sd.    2    

.   1:1.98 

1:2.97 

1:3.96 

1:4.94 

Sd.    11    .... 

.   1:1.99 

1:2.9S 

1:3.97 

1:4.97 

Sd.    7    

.,1:2 

1:3 

1:4 

1:5 

Sd     9    

.   1:2 

.   1:2.05 

1:3 
1:3.07 

1:4 

1:4.10 

1:5 

Sd.    S    

1:5.12 

Sd.    1    

.   1:2.08 

1:3.12 

1:4.17 

1:5:20 

Standard 

.   1:2.11 

1:3.17 

1:4.22 

1:5.27 

Sd.    3    

.  1:2.13 

1:3.20 

1:4.27 

1:5.33 

Sd.    4    

.   1:2.23 
.   1:2.41 

1:3.34 
1:3.62 

1:4.46 
1:4.82 

1:».57 

Sd.    5    

1:6.03 

T.-VBLE    IV.— RATIO    OF    VOLUME    OF'    CEMENT    P.\STE    TO 

VOLUME  OF  VOIDS  IN  S.VND  FOR  SOIPLE  WEIGHT 

PROPORTIONS. 

Weight  Proportions. 
Sand   No. 
Sd.     10     


Sd.    9    

Sd.    7     

Sd.    8    

Sd.    1    

Standard   1.: 

Sd.    3    

Sd.    4    

Sd.    5    

TABLE    v.— RATIO     OF    \'OLUME    OF    CEMENT    PASTE     TO 

VOLUME  OF  VOIDS  IN  S.\ND.  FOR  SIMPLE 

VOLUMETRIC    PROPORTIONS. 

. Volunietric  Proportions , 


1:2 

1:3 

1:4 

1:5 

2.03 

1.35 

1.01 

0.81 

1.44 

0.90 

0.72 

0.58 

1.43 

0.96 

0.72 

0.57 

1.39 

0.93 

0.70 

0.55 

1.37 

0.91 

0.68 

0.53 

1.34 

0.90 

0.67 

0.54 

1.32 

0.87 

0.66 

0.53 

1.28 

0.85 

0.64 

0.51 

1.23 

0.82 

0.61 

0.4S 

1.13 

0.75 

0.5-6 

0.45 

0.91 

o.n 

0.46 

0.37 

Sand    No. 


Sd. 


1.10 


1:3 


1:4 


Sd.  4    1.: 


Sd.  7    1.35 

Sd.  1   1  36 

Sd.  S   1.37 


Sd.  9 


1.39 


1.42 

Sd.  11    1.43 

Sd.   10   1.7S 

Volume  of  Cement  Paste 


0.73 

0.55 

0.44 

0.S4 

0.63 

0.50 

0..87 

O.n.T 

0.51 

0.90 

0.68 

0.54 

0.91 

0.68 

0.5:-' 

0.91 

0.68 

0.55 

0.92 

0.69 

0.56 

0.93 

0.69 

0.55 

0.95 

0.71 

0.57 

Volume  of  Voids  in  Sand 


Vol. 


the  strength  of  the  mortars  will  increase  at  a  rapid 
rate  until  the  voids  in  the  sand  are  filled  with  cement 
paste,  after  which  the  strength  will  increase  at  a 
lesser  rate  until  the  sand  particles  are  so  widely  sep- 
arated by  the  cement  paste  that  the  strength  of  the 
mortar  will  closely  approximate  the  strength  of  the 
neat  cement.  In  other  words,  as  the  cement  content 
is  increased,  the  rate  of  increase  of  strength  is  greater 
before  the  voids  are  filled  than  it  is  after  the  voids 
are  filled,  and  in  some  finite  proportions  the  strength 
of  the  mortar  approximates  the  .strength  of  the  neat 
cement.  Fig.  1,  which  shows  the  compressive  and 
tensile  strengths  and  the  strength  in  proportion  to 
cost  for  sand  No.  10,  plotted  against  the  void-filled 
ratio,  illustrates  these  assumptions  very  well.  This 
sand,  unfortunately,  is  the  only  one  of  this  series  of 


VoM-Fi'led    Ra«io 

Fig.    1 — Variation    in    Strength    of    Mortar    from    Sand    No.    10    in 
Proportion    to   Void   Filled    Ratios. 

tests  which  has  a  proportion  (1 :4  by  weight")  closely 
equal  to  that  in  which  the  volume  of  cement  paste  is 
equal  to  the  volume  of  voids  in  the  sand,  and  which 
has  more  than  one  proportion  in  which  the  volume  of 
cement  paste  is  greater  than  the  volume  of  voids  in 
the  sand. 

Fig.  2  shows  the  compressive  strengths  plotted 
against  the  void-filled  ratio.  The  curve  of  averages 
supports  the  assumption  as  to  the  rate  of  increase  of 
strength.  The  curve  of  averages  is  fairly  uniform, 
and  would  appear  to  indicate  that  the  void-filled  ratio 
has  a  similar  effect  on  all  the  sands.  This,  then,  ap- 
pears to  establish  the  principle  that  the  properties, 
strength,  eflSciency,  etc.,  of  mortars  are  properly  com- 
pared on  the  basis  of  the  void-filled  ratio. 

The  final  and  most'  important  consideration  of  a 
mortar  is  the  strength  in  proportion  to  the  cost.  This 
may  be  expressed  as  an  "economy  factor,"  equal  to 
the  compressive  strength  in  pounds  per  square  inch 
divided  by  the  cost  of  the  mortar  in  dollars  per  cubic 
yard.  This  factor  may  be  expressed  by  the  following 
equation: 

CoiTipre.'^sive  Strength  (lb.  per  sq.  in.) 
Econcmy  Factor   — 


in  which  P^  and  Ps  are  the  volumetric  proportions  of 
cement  and  sand,  C-  and  C»  are  the  costs,  in  dollars 
per  cubic  yard,  of  cement  and  sand,  and  the  yield  is 
based  on  the  volume  of  the  sand  as  unity. 

This  factor  is  plotted  in  Fig.  10  of  Withey's  paper, 
previously  referred  to.     The  cost  represents  cost  of 
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materials  only,  cement  being  estimated  at  $1.50  per 
barrel  and  sand  at  $1.25  per  cubic  yard.  In  Fig.  3 
these  factors  for  all  11  sands  have  been  plotted  against 
the  void-filled  ratio.  The  average  compressive 
strength  of  the  cement  used  in  these  tests  was  less 
than  7,000  lb.  per  square  inch  at  60  days.  The  econ- 
omy factor  for  the  neat  cement  mortar  would  then  be 
approximately  7,000  ^  10.14  =  690'.  The  highest  econ- 
omy factor  shown  on  the  curve  of  averages  is  860. 
This  and  the  curve  of  averages  indicate  that  the 
economy  factor  decreases  when  the  void-filled  ratio  is 
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Fig.    2 — Variation    in    Strength    of    IVIortars    in    Proportion    to   Void 
Filled  Ratios. 

somewhat  in  excess  of  1.5.  The  results  of  these  tests, 
therefore,  indicate  that  the  most  economical  mi.xtures 
lie  between  proportions  giving  a  void-filled  ratio  from 
1  to  1.5. 

As  an  illustration.  Fig.  3  shows  that  the  most  eco- 
nomical proportion  for  sand  No.  10  is  that  in  which 
the  volume  of  cement  paste  is  equal  to  the  volume  of 
voids.  From  Fig.  1,  it  is  seen  that  this  proportion  is 
1  cement  :  3.58  sand  by  volume,  giving  a  tensile 
strength  at  60  days  of  525  lb.  per  square  inch,  a  com- 
pressive strength  of  4,000  lb.  per  square  inch,  and  an 
economy  factor  slightly  over  1,000. 

The  equations  for  economical  mixtures,  as  indicated 
by  this  series  of  tests,  may  therefore  be  written : 

Volume  of  Sand  1 

.=  (G) 

{1  to  1.5)   X   F'roportion  o(  Voids  in  Sand 
Agg-.  Sp.  Gr.  of  Sand 

....(7) 


Weiglit  ot  Cement        (1  to  1.5)  X  Agg-.  Sp.  Gr.  of  Cement  X 
Voids  in  Sand 

If  the  properties  of  mortars  from  all  sands  vary 
with  the  variation  of  the  void-filled  ratio,  the  leakage, 
density  and  yield  should  show  similar  effects  for  all 
sands.  Fig.  4  shows  the  leakage  of  the  various  mor- 
tars plotted  against  the  void-filled  ratio;  and  this  is 
another  proof  that  the  void-filled  ratio  is  the  proper 
basis  of  comparison  of  the  properties  of  mortars. 
Conclusions  Regarding  Mortars. 

1.  Sand-cement  mortars  are  not  comparable  in  sim- 
ple weight  proportions  because  of  the  wide  variations 
in  the  corresponding  volumetric  proportions  and  the 
variations  of  the  void-filled  ratios. 

2.  Sand-cement  mortars  are  not  comparable  in  sim- 
ple volumetric  proportions  because  of  the  wide  varia- 
tions of  the  void-filled  ratios. 

■'It  shonld  be  noted  here  that  this  value  for  the  "economy 
factor"  of  neat  cement  mortar,  as  well  as  the  other  factors  in 
Fig.  3,  is  based  iipon  the  assumption  that  1  bag  of  cement  gives 
1  cu.  ft.  of  cement  paste.  If.  as  has  been  done  in  this  paper,  it  is 
assumed  that  it  requires  110  lb.  of  cement  to  make  1  cu.  ft.  of 
neat  cement  paste,  the  cost  of  a  cubic  yard  of  cement  mortar 
would  be  $11.85  instead  of  $10.1  1.  giving  an  "economy  factor" 
of  590. 


3.  The  void-filled  ratio  has  a  general  effect  upon  the 
strength,  permeability  and  economy  of  a  mortar  and 
undoubtedly  affects  the  density  and  yield. 

4.  An  important  function  of  the  cement  paste  is  to 
fill  the  voids  in  the  sand. 

5.  Sand-cement  mortars  are  properly  comparable  on 
the  basis  of  the  void-filled  ratios. 

6.  The  economical  proportions  for  sand-cement  mor- 
tars depend  upon  the  void  contents  of  the  sands  and 
may  be  expressed  by  Eqs.  6  and  7. 

7.  The  economy  factor  expresses  the  relative  effi- 
ciency of  mortars  and  may  be  determined  by  Eq.  5. 

8.  The  writer  finds  no  general  relation  of  silt  con- 
tent, uniformity  coefficient,  and  absorption  to  the  effi- 
ciency of  sands. 

Concrete. 

In  the  case  where  concrete  is  made  from  the  bank 
run  of  gravel,  or  a  concrete  mix,  and  cement,  it  would 
be  reasonable  to  expect  the  same  general  principles  to 
apply  as  previously  stated  for  mortars.  Where  mor- 
tar is  added  to  a  coarse  aggregate,  such  as  rock,  it  is 
reasonable  to  assume  that  an  important  function  of 
the  mortar  is  to  fill  the  voids  in  the  rock. 

A  scientific  test  to  determine  the  laws  of  concrete 
mixtures  would  be,  first,  to  determine  the  mortar  of 
maximum  density  and  the  yield  of  mortar;  second,  to 
make  progressive  proportions  of  the  mortar  with  the 
rock,  using  values  of  the  ratio  of  the  volume  of  mor- 
tar to  the  volume  of  voids  in  rock  equal  to  0.50,  0.75, 
0.90,  1.00,  1.10,  1.25,  1.50,  2.00  and  3.00,  with  a  view 
of  determining  that  proportion  giving  maximum  effi- 
ciency; and,  finally,  to  make  additional  progressive 
proportions,  maintaining  the  ratio  of  fine  to  coarse 
aggregate  of  the  "efficient"  proportion  just  deter- 
mined, but  increasing  the  amount  of  cement  to  1.1, 


Fig.  3 — Variation  in   Econo 


Void-FiHtd  Ratio 

ny  Factor  in   Proportion  to  Void   Filled 
Ratio. 


1.2,  1.3,  1.4,  1.5,  2.0  and  3.0  times  that  used  in  the 
mortar  of  maximum  density.  The  most  economical 
proportions  would  be  determined  by  the  following 
equation : 

Compressive  Strength  (lb.  per  sq.  in.) 
Economy  Factor  ^ 


Cost  of  Mortar  (dollars  per  ci 
Compressive  Strength   X   Yield 


.  yd.) 


.(S) 


Pr 

P'-,  P»,  Pr  being  the  volumetric  proportions  and 
C',  Cs  and  C  the  costs  in  dollars  per  cubic  yard  of  ce- 
ment, sand  and  rock,  respectively.  The  yield  is  based 
on  the  volume  of  the  coarse  aggregate  (rock)  as  unity. 
There  are  no  test  data  extant  on  the  economical 
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proportions  of  concrete.  Some  tests  have  been  made 
by  the  United  State.s  Bureau  of  Standards,  using  the 
void  theory  of  proportioning  in  a  limited  way.  The  re- 
sults of  these  tests  will  be  analyzed  in  the  following 
discussion  and  may  throw  some  light  on  the  subject: 

The  economy  of  any  mixture  depends  largely  upon 
the  local  cost  of  materials.  If  the  cost  of  cement  is 
twelve  to  fifteen  times  that  of  the  aggregates,  the  econ- 
omy of  leaner  mixtures  will  be  more  apparent.  In 
Table  VI,  the  economy  factor  for  several  1:2:4  mix- 
tures is  compared  with  that  of  several  void-theory 
mixtures,  the  factors  having  been  computed  by  the 
writer  from  the  results  shown  in  Tables  VIII  and  XII 
of  the  Bureau  of  Standards  paper.'  The  void-theory 
mixtures  may  be  expressed  by  Eqs.  9  and  10,  the  void- 
filled  ratio  (1  to  1.5)  being  1.1  in  every  case  both  for 
the  mortar  and  for  the  rock.  The  cost  of  the  aggre- 
gates was  assumed  at  $1.20  per  cubic  yard  and  the 
cost  of  cement  at  $12  per  cubic  yard.  The  yield  of 
the  various  mixtures  is  necessarily  assumed  as  unity, 
as  it  is  not  possible  to  closely  approximate  the  yield 
by  calculation. 

It  would  appear  from  a  study  of  this  table  that  the 
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Void-Filled  Ratio 
Leakage    of    IVIortars 
Filled    Ratio. 


Proportion    to    Void 


void-theory  mixtures  compare  quite  favorably  with 
1:2:4  mixtures,  considering  efficiency.  The  two  com- 
binations of  granite  show  the  1 :2 :4  mixtures  as  the 
most  efficient.  However,  there  are  too  few  combina- 
tions to  be  conclusive. 

In  Table  VII  the  economy  factor  is  shown  for  vari- 
ous combinations  of  aggregates  in  three  mixtures, 
1:2:4,  1:3:6  and  a  void-theory  mixture.  In  33  com- 
parisons the  ratios  for  the  most  economical  mixtures 
are  as  follows : 

Theoretical  1:2:4  •  1:3:6 


The  ratio  of  cement  to  total  aggregate  is  1:8.12  for 
the  theoretical  mixture,  compared  to  1 :6  and  1 :9  for 
the  1:2:4  and  1:3:6  mixtures.  The  fact  that  the  1:9 
arbitrary  mixture  is  much  less  efficient  than  an  av- 
erage 1 :8.12  theoretical  mixture  and  that  the  1 :8.12 
theoretical  mixture  is  somewhat  more  efficient  than 
the  1 :6  arbitrary  mixture  would  appear  to  indicate 
that  there  is  some  basis  for  the  void  theory. 

The  1:2:4  mixture  generally  appears  to  be  a  very 
efficient  one,  and  the  explanation  may  be  the  efficiency 
of  the  mortar.     As  the  voids  in  sands  are  seldom  be- 


low 33  per  cent  or  above  50  per  cent,  the  ratio  of  ce- 
ment paste  to  voids  for  the  1 :2  mortar  varies 
from  1  to  1.5,  which  corresponds  to  the  limits  pre- 
viously determined  for  efficient  mortars.  Rock  sel- 
dom shows  less  than  35  per  cent  or  more  than  50  per 
cent  of  voids,  so  that  in  a  1:2:4  mixture  the  volume  of 
mortar  will  vary  from  1  to  1.5  times  the  volume  of 
voids  in  the  rock.  A  1:3:6  mixture  is  seldom  an  effi- 
cient one  because  a  1 :3  mortar  is  seldom  efficient,  few 
sands  showing  less  than  33  per  cent  voids. 

Conclusions  Regarding  Concretes. 

1.  An  important  function  of  a  mortar  in  concrete  is 
to  fill  the  voids  in  the  coarse  aggregate. 

2.  The  efficiency  of  a  concrete  mixture  depends 
largely  upon  the  efficiency  of  the  mortar. 

3.  For  economical  proportions  the  volume  of  cement 
should  be  equal  or  greater  than  the  volume  of  voids 
in  the  sand  but  not  to  exceed  a  multiple  of  1.5,  and 
the  volume  of  mortar  should  be  equal  or  greater  than 
the  volume  of  voids  in  the  coarse  aggregate  but  not  to 
exceed  a  multiple  of  1.5. 

TABLE     VI.. 


— Age  at  Test,  W'eeks.- 
13 


104 


,JIaxi 


Limestone 


Mixtures — 2   Combinations 
630         700         990 
720         710       1010 
820         720       1040 
id-Theory  Mi.Ntures — 2  Combt'ns.= 

510         590         8S0       

620         G70        900       

730         750         920       

Mixtures — 20    Combinations.* 
360         4.5-0        '780       1140       1280 
680         750         990       1260       1410 
820         940       1360       1520       1500 
Void-Theory  Mixtures — 20  Comb'fns." 

300         390         410         470       1210        

600         760         800         890       1330       1710 

890       1020       1050       1440       1590        

1:2:4    Mixtures — 10    Combinations.' 

Minimum    2O0         300         390         440 

Average    550         600         740 

Maximum     ....   870       1040       1090 

Void-Theory  Mixtur 

Jilinimum    280         420         460 

Average    560         680         740 

Maximum     lOSO        930       1110 


(Minimum 
j  Average 
Maximum 


Minimum    410 

verage    440 

aum  470 

1:2:4 

I  Minimum  260 
Average  570 
Maximum     820 


I  Minimum 
Average  . 
Maximum 


810       

1190       

es — S  Comb't'ns.- 

530       

820       

1220       


iproni  Table  8  of  Technologic  Paper  No.  5S. 
-F'rom    Table   12   of  Technologic   Paper   No.    58. 
'Tlif    two    last    combinations    of    Table    12    have    been    omitted, 
.since   they   were   not   common   to   both    mixtures. 

^Tvo  cOiTibinations   in   common   to  both   mixtures  used. 
TABLE  VIL— COMPARISON  OF  THE  ECONOMY  FACTORS  OF 
CONCRETES    PROFORTIONED    BY    THE    VOID    METHOD 
AND       ARBITRARILY       PROPORTIONED       MIXTURES 
1:2:4    AND    1:3:6.    THE    COMBINATION   OF    AGGRE- 
GATES BEING   THE    SAME  IN   EACH   GROUF.i 

Volumetric  , Age  at  Test,  Weeks. x 

Kind  of  Aggregate.  Proportions.     4  13  2G  52 

r  1:2.4:4.47        570  720  900  930 

;:6  620  690  750 

1:4  700  750  960 


1:2.4:4.45 

1:3:6 

1:2:4 

470 
410, 
450 

570 
520 
590 

680 
600 
660 

860 
800 
880 

1:2.4:5.46 

1:3:6 

1:2:4 

800 
790 
600 

1000 
.SIO 
820 

1030 
1010 

900 
1030 
1040 

1:2.6:6.8 

1:3:6 

1:2:4 

040 
570 
830 

760 
750 

840 
820 
830 

1000 
860 
1240 

1:2.4:5.81 
1:3:6 
.1:2:4 

670 
490 
540 

900 
730 
820 

930 
840 
810 

710 
970 
970 

r  1:2.4:4.92 
■!  1:3:6 
11:2:4 

470 
3S0 
540 

720 
440 
S20 

750 
520 
720 

920 
580 
980 

ri:2. 4:7.0 
1:3:6 
1:2:4 

640 
410 
700 

820 
540 

790 
CIO 
920 

1:2.4:6.2 
-!  1:3:6 
1:2:4 

940 
440 
860 

930 
590 
1030 

1110 
6  SO 
1090 

1220 
860 
1190 

1:2.3:6.4 
1:3:6 
.1:2:4 

750 
410 
700 

930 
5y0 

990 
650 
970 

r  Void  Theoryfifil 
■i'  \:9.:f.                503 
Ll:2:4                  65S 

817 
624 
S05 

893 
719 
875 

934 
850 
105O 

'Technologic  Paper  No.   58,  U.  S.  Bureau  of  Standards. 
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iSee   Table   13.    Technologic    Pap?r  No.    58. 
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4.    The  equations  for  economical  mixtures  may  be 
stated  as  follows: 

Volume  of  Sand  1 


Unit  Volume  of  Cement         (1  to  1.5)   X  Proportion  of  Voids  in 

Sand 
Volume  of  Sand  X  Yield  of  Mortar 


(9) 


Volume  of  Rock 


Unit  Volume  of  Cement 


surface  daily.     These  outfits  operated  270  days  at  a 
daily  cost  of — 

2    chauffeurs    $  7.00 

Gasoline    3.60 

Lubricants    l.OO 

Repairs   and   renewals 4.00 

Broom  repairs  and   renewals 4.35 

2  men   riding  brocms 4.00 

J4  foreman   1.50 


5.  The  economy  factor  expresses  the  relative  effi- 
ciencies of  concrete  mixtures  and  may  be  determined 
by  Eq.  8. 


Street  Cleaning  Costs  at  Houston, 
Texas 

During  1916,  1,319,900  sq.  yd.  of  "permanent"  paved 
street  surface  at  Houston,  Tex.,  were  cleaned  by  the 
Street  and  Bridge  Department.  The  following  data 
on  the  cost  of  this  work  are  taken  from  the  last  an- 
nual report  of  Matt  Drennan,  Street  and  Bridge  Com- 
missioner. 

Street  Sprinkling. — The  motor  sprinkling  covered 
250  blocks  twice  daily  and  57  blocks  four  times  daily. 
The  total  yardage  sprinkled  each  day  was  1,083,000 
sq.  yd.  In  1916  the  motor  sprinkler  was  in  opera- 
tion for  262  days.  The  total  yardage  sprinkled  was 
283,746,000  sq.  j-tl.  and  the  total  cost  was: 

Total. 
Per  day.  2(12  days. 

Chauffeur    J3.00  $1.0Sfl 

Gasoline    1.80  372 

Uuhricants    50  131 

Rei:titirs  and  renewals 4.20  1.255 

Total     $9.50  $2,838 

This  gives  a  cost  of  approximately  1  ct.  per  1,000 
sq.  yd.  of  street  surface  sprinkled. 

About  1,632,000  sq.  yd.  of  street  surface  were 
sprinkled  each  day  by  mule-drawn  sprinklers.  Six  of 
these  outfits  were  in  use  at  a  daily  cost  of  |25,  made 
up  of  the  following  items : 

fi  drivers   $12.00 

12  mules    12.00 

Itenewals     100 

Total     $25.00 

The  team  outfits  sprinkled  350  blocks  twice  daily 
and  97  blocks  four  times  daily,  and  were  operated  for 
300  days,  making  the  total  area  of  street  sprinkled  in 
this  way  489,600,000  sq.  yd.    The  cost  was  as  follows: 


Total     $S,2S0 

This  makes  the  cost  per  1,000  sq.  yd.  1.75  ct. 

Street  Sweeping. — The  street  sweeping  was  carried 
out  with  mule-drawn  sweepers,  truck-drawn  sweep- 
ers and  combination  sprinkler-sweepers.  The  unit 
costs  by  each  of  these  methods  were  as  follows: 

Fer  1,000  sq.  yd. 
Ct 

Mule-drawn   sweepers    12'^ 

Truck -drawn  sweepers   12% 

Comljination    sprinkler-sweeper    G-.3 

In  all  177,000  sq.  yd.  of  street  surface  were  swept 
daily  by  three  mule-drawn  sweepers  preceded  by  one 
team  sprinkler.  These  outfits  operated  294  days  in 
1916,  during  which  time  52,000,000  sq.  yd.  of  street 
were  swept.    The  cost  of  the  work  was: 

Total  Total, 

per  day.  294  davs. 

4  men    $8.00  $2.^52 

5  mules     S.OO  2.352 

Brooms.  rene^\'als  and   repairs...., 2.20  740 

i/i  foreman    1.50  490 


Total    $R,440 

Two  trucks,  each  trailing  one  sweeper  and  preceded 
by  a  motor  sprinkler,  cleaned  300,000  sq.  yd.  of  street 


Total     $34.95 

The  two  combination  sprinkler  sweepers  covered 
161,000  sq.  yd.  of  street  surface  each  day  and  were 
operated  for  294  days  in  1916.  The  cost  was  as  fol- 
lows : 

Total  Total, 

per  day. 


4   mules     

Broom  renewals  and  repairs. 
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Total    .13,140 

White  Wings  and  Pick  Up. — In  the  business  district 
a  force  consisting  of  13  men  and  a  foreman  cleaned 
222,000  sq.  yd.  of  street  surface  daily  except  on  Sun- 
day, when  they  cleaned  about  one-half  this  amount. 
The  total  cost  was  as  follows: 

Men.    $1S».!:'0    \\  eekly $10,126 

Supplies     500 

Total    $10,625 

About  47,645,000  sq.  yd.  were  cleaned  in  the  year, 
making  the  cost  22^  3  ct.  per  1,000  sq.  yd. 

The  force  employed  on  pick-up  work  on  the  busi- 
ness streets  consisted  of  the  following: 

Fer  day. 

I',  men    $12.00 

6  mules    6.00 

Renewals  and  repairs 1.00 

Total     $19.00 

This  gang  picked  up  sweepings  last  year  from  20,- 
878,000  sq.  yd.  street  surface  at  a  cost  of  33i/4  ct.  per 
1,000  sq.  yd.  surface.  It  removed  6,184  cu.  yd.  sweep- 
ings at  a  cost  of  $1.10  per  cubic  yard. 

General  pick-up  work  was  handled  by  an  outfit  con- 
sisting of  two  trucks,  two  chauffeurs,  10  men  and 
foreman ;  also  six  mule  teams,  12  men  and  foreman. 

Daily  cost  operating  two  trucks — 

Two  chauffeurs   $  7.00 

Gasoline     3.60 

Lubricants    1.00 

Iiepreciation,   renewals   and   repairs 4.00 

Foreman    3.00 

Ten  men   20.00 

Total S38.eo 

Picking  up  daily  sweeping  from  128,700  sq.  yd. 
street  surface.     Removing  20  cu.  yd.  sweepings. 

Operating  cost  working  270  days  last  year  picking 
up  sweepings: 

Two   chauffeurs    $  2.160.00 

Gasoline     972.00 

Lubricants    362.00 

Renewals    and    repairs 1,080.00 

Foreman    936.00 

Ten    men    5,400.00 

Total    $10,910.00 

Picked  up  last  year  (270  days)  sweepings  from 
34,750,000  sq.  yd.  street  surface  at  a  cost  of  31%  ct. 
per  1,000  sq.  yd.  Removing  5,700  cu.  yd.  sweepings 
at  a  cost  of  $1.91  per  cubic  yard. 

Daily  cost  of  si.x-team  pick-up  equipment — 

12  men    $24.00 

) 2  mules    12.00 

F'oreman    2.50 

Repairs    and    renewals 2.00 

"  Total   daily    $40.50 

Picking  up  sweepings  from  185,900  sq.  yd.  street 
surface.    Removing  45  cu.  yd.  sweepings. 

Team  pick-up  equipment  cost  last  year,  operating 
294  days — 

12  men    $  7,056.00 

12  mules     3,528.00 

12  mules,   idle   72   days 864.00 

Foreman 810.00 

Repairs    and    renewals 600.00 

Total  last  year $12,858.00 
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A  Method    for    Determining  Ap- 
parent Specific  Gravity  of 
Fine  Aggregates 

A  method  for  determining  the  apparent  specific 
gravity  of  non-homogeneous  fine  aggregates  in  such 
a  manner  that  the  porosity  of  the  grains'would  be  pro- 
vided for,  was  described  by  Mr.  A.  S.  Rea  in  a  paper 
presented  at  the  last  annual  meeting  of  the  American 
Society  for  Testing  Materials.  This  method  has  proved 
most  satisfactory  from  the  standpoint  both  of  ac- 
curacy and  convenience,  and  has  been  adopted  in  the 
Testing  Laboratory  of  the  Ohio  State  Highway  De- 
partment as  a  standard  test.    The  method  follows: 

Five  hundred  grams  of  the  thoroughly  dried  sam- 
ple are  placed  in  a  500-cc.  graduated  cylinder  pro- 
vided with  a  glass  stopper.  Approximately  20  cc.  of 
kerosene  or  a  sufficient  quantity  to  saturate  the  grains 
and  allow  for  a  slight  excess  is  then  poured  into  the 
cylinder.  The  stopper  is  inserted  and  the  cylinder 
is  vigorously  shaken  until  all  of  the  sand  grains  ap- 
pear to  be  coated  with  kerosene.  A  measured  quan- 
tity of  water,  usually  250  cc,  is  then  introduced  into 
the  cylinder.  The  cylinder  is  then  thoroughly  shaken 
to  bring  the  excess  of  kerosene  to  the  surface  of  the 
water.  The  two  liquids,  kerosene  and  water,  being 
non-miscible  and  of  different  specific  gravity,  a  clean 
line  of  demarcation  will  form  between  them  and  the 
reading  of  the  volume  of  water  can  be  readily  ob- 
tained. From  the  dry  weight  of  the  aggregate  and 
the  volume  of  the  liquid  displaced,  the  "apparent" 
specific  gravity  of  the  aggregate  can  be  calculated. 

In  this  method  the  grains  of  sand  retain  the  kero- 
sene in  their  pores  by  capillary  attraction,  so  that  in 
displacement  the  volume  is  not  that  of  the  substance 
composing  the  grains,  but  the  volume  of  the  grains 
themselves.  Any  excess  of  kerosene  beyond  that 
necessary  to  fill  the  pores  rises  to  the  surface  of  the 
water. 

In  order  to  determine  whether  an  appreciable  film 
of  kerosene  adheres  to  the  surface  of  the  grains, 
which  would  thus  result  in  an  increased  volume  of 
liquid  displaced  with  a  consequent  lowering  of  the 
specific  gravity,  determinations  by  this  method  were 
made  on  standard  Ottawa  sand.  This  sand  is  com- 
posed of  practically  pure  quartz  grains,  hence  its  ab- 
sorption need  not  be  considered.  The  results  showed 
this  film  to  be  so  slight  as  not  to  appreciably  affect 
the  results. 

To  determine  on  the  other  hand  whether  the  grains 
will  completely  retain  the  kerosene  in  the  cavities  or 
pores  during  the  process  of  shaking  the  sand  in  water, 
a  series  of  determinations  was  made  on  samples  of 
crushed  stone  and  slag  of  pre-determined  specific 
gravity.  The  results  here  showed  that  except  in  cases 
where  the  aggregate  contained  unusually  large  cavi- 

TAELE   I.— RESULTS    OF    SPECIFIC   GRAVITY    DETERMINA- 
TIONS. 

By  usual  dis- 
Sample.  placement 

method. 

Standard   Ottawa  sand 2.65 

Limestone   scrfeenlngs    2.63 

Sandstone    2.47 

Sand    G-1312 2.63 

Sand    G-131S 2.60 

Sand    G-1320 2.59 

Sand    G-1321 2.63 

Sand    G-l.">25 2.G0 

Sand    G-132S 2.57 

Sand    G-1329 2.63 

Sand    G-1331 ■ 2.72 

Sand    G-1333 2.63 

Sand    G-1336 2.65 

Sand    G-1344 2.53 


By  method 

described. 

Variation. 

2.i;5 

0.00 

2.55 

COS 

2.41 

0.06 

2.52 

0.11 

2.50 

0.10 

2.46 

0.12 

2.50 

0.13 

2.58 

0.02 

2.54 

0.03 

2.62 

0.01 

2.66 

O.OG 

2.60 

0.03 

2.63 

0.02 

2.48 

0.05 

ties  or  pores,  as  in  some  very  porous  slags,  this 
method  was  entirely  satisfactory. 

In  making  the  specific  gravity  determination  by  this 
method,  it  is  essential  for  accurate  results  that  the 
aggregate  be  clean.  If  the  sand  contains  an  apprecia- 
ble percentage  of  silt  it  should  be  washed,  otherwise 
the  silt  will  be  held  in  suspension  in  the  kerosene  at 
the  top  of  the  water,  thus  introducing  a  slight  error 
as  well  as  making  the  reading  more  difficult.  In  order 
to  show  the  difference  in  the  results  obtained  by  this 
method  as  compared  to  the  old  displacement  method, 
the  results  obtained  in  one  series  of  tests  are  given  in 
Table  I. 

From  the  figures  given  in  the  table,  it  will  be  noted 
that  the  difference  in  the  specific  gravity  by  the  two 
methods  ranges  from  zero  with  the  Ottawa  quartz 
sand  which  has  a  negligible  absorption  to  0.13  in  the 
case  of  sand  G-1321  which  is  a  very  coarse-grained 
sand  consisting  almost  entirely  of  rounded  sandstone 
fragments.  Between  these  limits  the  specific  gravity 
of  the  sands  show  variations  depending  upon  the  ex- 
tent of  the  porous  grains  present  in  the  sand. 


Concrete  Road    Construction  on 
Water  Soaked  Sub  Grade 

A  concrete  road,  over  a  mile  in  length,  has  been 
constructed  across  a  very  swampy  piece  of  ground  by 
the  County  Highway  Department  of  Milwaukee 
County,  Wisconsin.  Part  of  the  road  was  built  in 
1916  and  the  remainder  in  1917.  The  road  was  built 
under  very  bad  di-ainage  conditions.  The  territory  is 
almost  flat  and  water  stands  for  a  long  time  in  the 
ditches  and  the  surrounding  land. 

The  concrete  surfacing  was  18  ft.  wide  and  was  re- 
inforced with  American  Steel  &  Wire  Co.'s  No.  29 
wire  mesh.  The  sections  were  from  500  to  1,000  ft. 
in  length,  and  at  the  places  where  construction  was 
stopped  for  the  night,  the  reinforcement  through  the 
blind  joints  consisted  of  %-in.  rods  4  ft.  long  extend- 

^  '         ^  Top  of  Concrete  ■ 


==J=„=^ 
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Method    of    Carrying    Reinforcement   Through    Construction    Joint. 

ing  through  holes  bored  in  a  wooden  header,  as  shown 
in  the  accompanying  sketch. 

Regarding  the  present  condition  of  the  road,  Mr.  H. 
-J.  Kuelling,  formerly  County  Highway  Commissioner 
of  Milwaukee  County,  writes  as  follows: 

"This  road  came  through  the  winter  in  exceedingly 
good  condition  and  so  far  as  I  could  see  free  from 
longitudinal  and  transverse  cracks.  I,  however,  be- 
lieve that  a  great  deal  of  this  good  condition  is  due 
to  the  fact  that  the  underground  conditions  are  ab- 
solutely equal  and  that  the  road  was  raised  and 
lowered  uniformly  by  the  frost  action.  I  also  believe 
that  there  was  not  an  abnormal  frost  under  it,  be- 
cause of  the  swampy  condition  of  the  ground,  which, 
as  you  know,  does  not  take  as  much  frost  as  solid 
ground." 

"In  other  words,  I  believe  that  we  need  not  fear 
building  a  concrete  road  across  a  marsh  or  swamp. 
In  fact,  we  should  get  better  results  there  than  on  a 
non-uniform  soil.  While  the  drainage  conditions  are 
exceedingl.v  bad,  the  uniformity  of  the  conditions 
eives  good  results." 
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(^Qcf    PliJS  Fixed  Sum  Per  Unit  tace  has  a  thickness  of  1  in.  and  is  composed  of  a 

r^                          i:         FT*     L  mixture  as  above  given. 

Contracts  for  High-  a  e-ln.  concrete  walk  is  built  in  place  of  the  ordi- 

WilV    A^ork"  nary  4-in.  walk  because  it  is  felt  that  the  additional 

^            iJiii.  bulk  or  thickness  of  the  former  gives  a  greater  stabil- 

The  Massachusetts  Highway  Commission,  of  which  ity  and  is  less  liable  to  heave,  to  get  out  of  line  and  to 

Mr.  Arthur  W.  Dean  is  Chief  Engineer,  is  now  car-  crack.     It  is  easy  to  break,  for  instance,  a  4-in.  con- 

rying   out   some   of  its   State    highway    construction  crete  walk  by  throwing  ice  or  heavy  boxes  or  anything 

under  "cost  plus  a  fixed  sum  per  unit"  contracts.    This  of  this  description  on  the  walks. 

plan  has  been  put  into  effect  with  the  idea  of  getting  

the  work  done  at  as  reasonable  a  cost  as  possible  New  Method  of  Finishing  Concrete 

without  the  element  of  chance  that  would  necessarily  _ 

enter  into  the  matter  if  a  contractor  were  to  bid  on  ravement 

the  work  in  the  usual  manner.  In  placing  a  two-course  concrete  pavement  on  11th 

On  the  first  contract  that  was  let  on  this  basis  this  St.,  Wichita  Falls,  Tex.,  a  novel  method  of  finishing 

year,  the  Commission  allowed  the  contractor  the  cost  was  employed  which  gave  most  excellent  results.   The 

plus  the  following  sums  indicated:  method  is   described  as  follows  in  the  August  Con- 

Eavth  excavation  <dr>).  per  cu.  yci $o.oc  ^^^J;^  Highway  Magazine: 

Ledge  excavation,  per  cu.  yd 14  Two   lx6-in.   boards,   each  equal   in   length  to  one- 
Local  broken  stone,  per  ton 12  half  the  width  of  the  pavement,  were  spliced  so  as  to 

and  other  items  in  proportion.  n^akg  a  jointed  plank,  the  length  of  which  was  equal 

Under  the  new  form  of  contract  the  contractor  was  to  the  width  of  the  street.     At  each  end  of  this  was 

required  to  furnish    the    necessary  superintendents,  nailed  a  short  piece  of  2-in.  stock  so  notched  that  the 

foremen,  laborers,  etc.,  at  compensation  agreed  upon  outer  end  rested  on  the  curb  and  the  bottom  of  the 

between  him  and  the  Commission.     The  Commission  

pays  the  actual  amount  paid  by  the  contractor  to  such  .^^^^t    _ .„_.__„..», j^ 

persons  as  shown  by  his  timebooks  and  checked  by  a  ^^^^BsbITIIIbBB ■••■■■  isT 
timekeeper  employed  by  the  Commission. 

The  contractor  is  required  to  furnish  all  small  tools 

and   implements   such    as    picks,    shovels,   hammers,  

wheelbarrows,  etc.    Machinery  is  either  furnished  by  "'•   ~["    ,      ,          _w.     *                *'"''? 

the  Commission  or  by  the  contractor  on  a  rental  basis,  *^ .    ^-             ~'        ^    »■*:.-,..,     .^'-ij 

the  rental  being  agreed  upon  in  the  contract.  *»— .^i. — ^— -— ^'m*^''  ,'»R..-^-^<^y3Sj 

Under  this  plan  there  is  no  inducement  to  the  con-  "^ 
tractor  to  make  the  cost  of  the  work  excessive.  On 
the  other  hand,  there  is  every  inducement  to  him  to 
get  the  work  done  as  quickly  as  possible,  and  con- 
sequently, at  low  cost,  in  order  to  make  his  profit  as 
quickly  as  possible.  If  there  is  a  $5,000  profit  to  the 
contractor  in  the  contract,  he  would  rather  make  that 

profit  in  two  months  than  to  have  the  work  extend  ^STi^jb 

over  eight  months.  ^ 


Iron  Ore  Tailings  in  Top  Finish  of  Con- 
crete Sidewalks 

Iron  ore  tailings  have  been  used  at  Albany,  N.  Y., 
since  1912  in  the  top  finish  of  concrete  sidewalks.  The 
specifications  require  the  wearing  surface  to  be  mixed 
in  the  proportion  of  1  bag  of  cement  to  2  cu.  ft.  of 
clean  iron  tailings,  to  which  is  added  and  mixed  1 
lb.  of  pure  dry  lampblack  to  darken  the  walks  and 
lessen  the  glare  on  sunny  days. 

The  use  of  the  iron  ore  tailings  gives  a  harder  sur- 
face and  while  it  does  not  entirely  eliminate  dusting, 
has  reduced  it  so  that  there  is  no  complaint.  It  has 
been  noticed  that  some  of  the  walks  in  the  business 
section  subjected  to  heavy  and  constant  pedestrian 
traffic  have  taken  a  noticeable  polish,  so  much  so  that 
they  become  somewhat  slippery  in  unfavorable 
weather.  The  obvious  remedy  for  this  is  to  make  the 
surface  mixture  on  sidewalks  subjected  to  heavy  and 
constant  traffic  less  rich. 

Iron  ore  tailings  cost  about  $1.60  per  yard  on  cars, 
while  sand  costs  about  27  ct.  per  yard  at  the  bank. 
The  wearing  surface  being  but  1  in.  in  thickness,  the 
large  difference  in  cost  between  the  tailings  and  sand 
does  not  make  a  very  large  difference  in  the  cost  of 
the  concrete  walks  per  square  foot.  The  total  thick- 
ness of  concrete  walks  constructed  in  Albany  is  6  in., 
5  in.  being  of  1:2^ 2:4  concrete;  the  top  wearing  sur- 


Finishing    Concrete    Pavement   With    Jointed    Plantt   Float. 

float  was  at  the  gutter  grade.  A  hole  was  bored  near 
the  lower  end  of  this  at  an  agle  of  about  30°.  Wooden 
handles  were  inserted,  as  shown  in  the  picture.  A 
man  at  each  end  then  pushed  and  pulled  the  float  over 
the  pavement,  finishing  in  one  operation  the  whole 
width  of  the  street,  the  float  being  drawn  across  the 
surface  as  many  times  as  was  necessary  to  obtain  the 
requii-ed  evenness. 

This  process  eliminated  much  of  the  excess  water 
and  gave  an  even  surface,  but  one  not  as  gritty  as 
that  produced  bj'  the  belt  finish. 


The  city  of  San  Diego,  Cal.,  has  been  operating 
vacuum  street  cleaning  machines  for  the  last  four 
years.  The  apparatus  is  drawn  by  three  horses  and 
the  vacuum  arrangement  is  run  by  a  small  gas  engine. 
The  machine  is  handled  by  one  gas  engineer  and  one 
teamster.  The  first  sweeper  was  purchased  in  the  fall 
of  1912  and  the  second  in  March,  1913.  The  total  cost 
was  $2,200. 


The  State  Highway  Department  of  Ohio  opened  bids 
recently  on  road  work  estimated  to  cost  nearly  $2,- 
000,000.  A  new  letting  calling  for  an  expenditure  of 
nearly  $1,000,000  is  now  advertised. 
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Ohio    Method  of  Patching   Bitum-  Requirements  of  Ohio  State  Highway  De- 

inOUS  Pavements  partment  for  Painting  Wooden 

^truct*ures 

The  requirements  of  the  Ohio  State  Highway  De- 
partment for  patching  bituminous  pavements  as  em-  The  new  standard  road  specifications  of  the  State 
bodied  in  the  new  standard  road  specifications  of  Clin-  Highway   Department  of   Ohio  call   for  the   applica- 
ton  Cowen,  State  Highway  Commissioner,  are  as  fol-  tion  of  three  coats  of  paint  to  wooden  structures,  un- 
lows:  less  otherwise  ordered.     For  a  ready  mixed  paint  the 

The   depression   or  area    to    be    patched    is    thor-  standard    "0"    white    paint    is    specified.     This    con- 

oughly  cleaned  of  all  loose  or  matted  dirt  or  foreign  gists  of 

material  and  swept  clean  of  all  dust.    When  clean  and  4  gai.  raw  unseed  oil. 

dry,  the  depression  is  painted  with  the  same  kind  of  75  f^;  whfte  lead  in  oil. 

bituminous   material    as    is    used    in    preparing  the  25  ib,  zinc  oxide  in  oil. 

bituminous  concrete.     When  the  depression  is  deeper  Unless  otherwise  ordered  the  final  coat  on  all  woods 

than  3  in.,  it  is  first  filled  to  within  2  in.  of  the  road  where  ready  mixed  paint  is  used  consists  of  the  above, 

surface  with  No.  2  stone   {2^2  in.  to  l^h  in.),  which  xhe  first  and  intermediate  coats  in  this  case  are: 

must  be  thoroughly  tamped  in  place.    The  depression  ^.^^,^^^,  ^.^^   ^^,_    p^p,^^_  ^^  ^.^.^^ 

is    then    filled    with    bituminous    concrete    in    sufficient  press  and  similar      pine   and   similar 

quantity  to  fill  the  depression  to  the  level  of  the  sur-  ^!coats — ,             ^coats — v 

face  of  the  surrounding  pavement  after  the  bitumin-  i^t          2nd            1st         2nd       ^^^  _,^,  ^^.^^  ^^.^^      . 

ous  concrete  is  thoroughly  compacted.     The  patch  is  0           %                2           %        gai.  raw  linseed  oil 

covered  with  sufficient  grit  (material  passing  through  i'-        ^^              y^           y,        ||i;  tu^penUne. 

a  i-i-in.  opening  and  retained  on  a  No.  8  sieve)  to  pre-  where  the  paint  is  mixed  on  the  job  the  different 

vent   the    bituminous   material    from   sticking  to   the  ^^^^^   ^^^  ^-^^  various   woods   consist   of   ingredients 

wheels  of  the  roller  and  is  then  thoroughly  conipacted  ^^     ^i^^^^  as  follows : 

by  rolling.     The  surface  is  finally  covered  with  No.  b  ^     ^                             ^^  ^^^   ^^^    ^^.^^ 

grit  (material  passing  V-^-in.  opening  and  retained  on  Yeiiow  nine,  cvpress       pine  and  similar 

No.   8   sieve)    or  clean,   coarse   sand,    to    protect  the        and  similar^ woods.         woods. ^ 

nntrVi   while   settinc   un  1st       2nd      Final             1st       2nd      Final 

paicn  wniie  .^leLung   up.  3W,        4            4                5            4            4          gal.  raw  linseed  oil 

The  bituminous  concrete  is  prepared  by  one  of  the  I'i       "         0             0         0         0        gai.^bem^oie 

two  following  methods,  using  the  same  kind  of  aggre-  1        ¥2          o»            1        %          0        gai.  turpentine 

gate  as  was  used  in  the  original  construction  of  the  w"       "o        t5          100       100        75        ib..  whitejead.in^o.i 

road;  also  same  type  of  bituminous  material  as  used  *or  little, 

in  original  construction,  that  is,  either  tar  or  asphalt.  

When  an  asphalt  bound  road  is  to  be  patched    the  ^             j    g               Cleaning  at    Chicago,    111. 

bituminous  concrete  consists  of  a  mixture  of  cut  back  »                         => 

asphalt  and  No.  4  size  stone  (material  passing  through  Street  cleaning  at  Chicago  in  1916  by  the  block  and 

a  34-in.  and  retained  on  a  ^i-in.  opening)   or  slag  in  g.j,jg  system  cost  $1,392,245,  according  to  the  last  an- 

proportion  of  "'s  to  "s  gal.  of  bituminous  material  to  j^^^j  j-gpoj-t  of  the  Department  of  Public  Works.     A 

1  cu.  ft.  of  aggregate.    The  aggregates  are  thoroughly  ^^^^j   ^^   4,677,637,117   sq.   yd.   of   streets   cleaned   by 

and   uniformly   mixed   on   a  tight   platform   by   hand  ^^^.^    svstem,  required  the  collection  and  removal  of 

methods  or  in  a  concrete  mixer  until  each  particle  ot  ^   ^^            ^^    ^^^.^^^   ^.^      ^^    addition,    76,396 

stone  is  completely  coated  with  the  bituminous  ma-  '                                                                      ^^^^^  ^^  ^^^ 

terial.     After  mixing,  the  bituminous  concrete  it  is  '-"•  i"-  ^^   "^ 

stored  where  it  will  be  free  from  dust  or  dirt  for  24  street  cleaning  were  as  follows  :                              ^^^ 

hours,  or  until  the  bituminous  material  stiffens  suffi-  1000  sq.  yd., 

ciently  to  bind  when  the  patch  is  made.     When  re-     ^^^^^^  ^^^  ^^_^^  ^^^^^^_^^^  ^f^ 

quired  by  the  Commissioner,  a  small  amount  ot  clean,      norse  drawn  nushers  i5-2 

coarse  sand  may  be  added  to  the  aggregate.  AutoTu^sh "rs^**^!'^ ..'.'. '. '. '. '. '. '. ■.:'.: ' '. '.'.'.'.'.'.'.'.'.'.'.'.'.'.:'. '. '■  '.'.'■'■'.'.    ^^'a 

A  cold  patch  asphalt  emulsion   is  sometim.es  used     sia^vaik  flushing  i-3 

in  place  of  the  cut  back  asphalt.    When  the  emulsion  The    horse-drawn    flushers    were    employed    in    35 

is  used  the  proportions  are  ~i  to  %  gal.  to  1  cu.  ft.  of  wards  and  cleaned  264,405,000  sq.  yd.  of  streets.     In 

the  stone  chips.     This  mixture  is   used  immediately  doing  this  161,387,500  gal.,  or  294,967  tanks,  of  water 

after  being  mixed.  were  used.     Sidewalk  flushing  was  carried  out  in  the 

When  a  tar  bound  road  is  to  be  patched,  the  bitumi-  business  district  of  the  1st  Ward.     In  all,  7,467,000 

nous  concrete  consists  of  a  mixture  of  tar  and  No.  4  sq.  yd.  of  walk  were  cleaned,  for  which  4,047,000  gal., 

.size  stone  or  slag  in  the  proportion  of  "'s  to  "s  gal.  or  6,745  tanks,   of  water  were   used.     The   squeegee 

of  bituminous  material  to  1  cu.  ft.  of  stone.     The  ag-  flushers  also  worked  in  the  1st  Ward,  and  cleaned  15,- 

gregate  is  thoroughly  and  uniformly  mixed  on  a  tight  ggg  yy^  gq  y^j  ^f  streets.    For  this  work  4,890,000  gal., 

platform  by  hand  methods  or  in  a  concrete  mixer  until  ^^^,  ^  rj^^  ^^^,.g^  of  water  were  used, 

each  particle  of  stone  is  completely  coated  with  the  operated  on  34,056,039  lin.  ft.  of 

bituminous   material.     After  mixing  the   bituminous  '■"^  ''"''"  nusiieib  u^c                      ,       ,              ,„p  „„„ 

concrete  is  stored,  where  it  will  be  free  from  dust  or  streets,  the  total  yardage   covered  being   181  476.790 

dirt  for  several  days  until  the    bituminous    mixture  SQ- yd-  ,I^^'^"f  ^^T"?       H  .^^^0^.^  e      fhe 

stiffens  sufficiently  to  bind  when  the  patch  is  made.  of  gasoline.  399  gal.  of  oil  and  350  lb.  of  giease.    The 

In  either  of  the  above  methods  the  stone  must  be  cost  of  operation  was  as  follows: 

dry  when  mi.xed  with  the  bituminous  materia!  and  i^^^^^'^^^t"^,:::::::::::::::::::::::::::-.:::::::::::'^  iMi 

neither  stone  or  bituminous  material  can  have  a  tern-     Fittings  'and  repairs  ._i!i: 

perature  of  less  than  45°  F.  when  mixed  together.  Total    $13.5-1 
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End  Dumping  Trailer  Body  With  Hand 
Operated  Hoist 

A  trailer  bod.v  with  hand  operated  hoist  for  end 
dumping  of  particular  interest  to  road  contractors  has 
been  placed  in  production  by  the  Archer  Iron  Works, 
Chicago.  The  body  is  made  of  steel  and  has  a  capacity 
of  4  cu.  yd.     The  hoist  is  so  managed  that  one  man 


Trailer  Body  and   Hoist. 

can  easily  raise  the  body  with  its  contents  to  an 
angle  of  45  in  two  minutes.  A  small  friction  brake 
controls  the  lowering  operation.  The  illustration 
shows  one  of  these  bodies  mounted  on  a  5-ton  Troy 
trailei'. 


Converting  Mountain  Trail  Into  Wagon 
Road 

Road  construction  in  some  of  the  counties  of  Arkan- 
sas is  often  carried  out  under  difficult  conditions.  The 
accompanying  illustration  shows  how  Logan  County 
handled  one  of  its  problems.     The  work  was  located 


Side    Hill    Road    Construction    With    Grader   and   Traction    Engine. 

between  Boonville  and  Walnut  Grove,  and  involved 
the  conversion  of  a  mountain  trail  into  a  wagon  road 
of  sufficient  width  to  admit  the  passing  of  two  auto- 
mobiles at  any  point.     The  improvement  was  carried 


out  with  a  heavy  grader  hauled  by  a  traction  engine. 
Successive  cuts  were  made  in  the  hillside  and  the  dirt 
cast  down  the  slope  to  form  the  embankment.  This 
side  hill  work  was  facilitated  by  the  offset  hitch  to 
.  the  engine  and  by  the  extended  axle  of  the  grader. 
The  first  mile  of  road,  which  was  made  under  un- 
usually severe  conditions  and  on  the  mountain  side, 
was  completed  in  15  hours'  actual  working  time.  A 
Mammoth  grader  made  by  the  Austin-Western  Road 
Machinery  Co.  was  used  on  this  work. 


Personals 


-A.  X.  Eason  and  A.  N.  Garland  have  opened  offices  in  the 
Green   Bldg..   Seattle,  Wash.,   and   will   engage   in   contracting. 

A.  B.  Fletcher.  State  Highway  Engineer  of  California,  has 
been  appointed  president  of  the  California  State  Reclamation 
Board,   succeeding  V,   S.   McClatchy. 

Albert  McWayne  and  Robert  A.  Perkins  have  opened 
offices  in  the  Paulton  Bldg.,  Sioux  Falls,  S.  Dak.,  where  they 
will  engage  in  an  architectural  and  engineering  business. 

W.  K.  Palmer,  who  for  16  years  past  has  been  continuously 
engaged  in  consulting  engineering  practice  and  the  head  of 
the  firm  of  The  W.  K.  Palmer  Co.,  engineers,  Kansas  City. 
Mo.,  has  accepted  a  commission  as  major  in  the  Engineer 
Corps  of  the  U.  S.  Army.  In  consequence  his  practice  and  the 
business  of  The  W.  K.  Palmer  Co.  will  be  discontinued  for  th« 
period  of  the  war  after  Sept.  1.  1917.  Major  Palmer  organ- 
ized engineer  troops  at  the  beginning  of  the  war  and  has 
been  actively  engaged  in  military  matters  for  some  time 
past,  and  is  now  in  Kansas  City  on  a  5  days'  leave  from 
Fort  Sill.  Okla..  for  the  purpose  of  closing  up  business  affairs 
connected  with  his  practice  and  the  business  of  The  W.  K. 
Palmer  Co. 


Industrial  Notes 

-A.  large  addition  is  being  made  to  the  plant  of  the  Pulso- 
meter  Steam   Pump   Co.,   Irvington,   N.   J. 

The  Buff  &  Buff  Mfg.  Co.  of  Boston  has  purchased  the  plant 
fornierly  owned  by  R.  Seelig  Co. 

The  Rochester  Excavating  Machinery  Co.,  Inc.,  is  now  occu- 
pying its  new  factory  at  Caledonia.  N.  T. 

The  Houston  Buick  Sales  Co.  will  henceforth  handle  Gar- 
ford  motor  truck  sales  in  the  Houston  territory. 

J.  W.  Dopp  &  Co.,  18  Columbia  St.,  W.,  Detroit,  are  now 
representing  the  T.  L.  Smith  Co.  of  Milwaukee  in  the  Detroit 
territory. 

The  iSmerson-Brantingham  Implement  Co.,  Rockford,  111., 
announces  the  appointment  of  C.  E.  Leslie  as  advertising 
manager. 

The  C.  H.  Englee  Co.,  120  Milk  St.,  Boston,  is  the  name  of  a 
new  contracting  firm  organized  by  Charles  H.  Englee,  for- 
merly with   the   Aberthaw  Construction  Co. 

The  entire  plant  of  the  Kent  Machine  Co..  manufacturers  of 
concrete  mixers,  has  been  taken  over  by  the  Falls  Rivet 
Co..  Kent.  Ohio.  The  business  has  been  reorganized  and  will 
be  continued  under  the  name  of  the  Kent  Machine  Co. 

J.  H.  Jowett  has  been  elected  vice-president  of  the  Inger- 
soll-Rand  Co.  and  J.  D.  Albin  succeeds  Mr.  Jowett  as  general 
.sales  manager.  Both  Mr.  Jowett  and  Mr.  Albin  will  con- 
tinue to  make  the  company's  New  York  office  their  head- 
quarters. 

T.  M.  Avery,  one  of  the  New  York  City  representatives  of 
the  Blaw-Knox  Co..  has  been  placed  in  charge  temporarily 
of  the  San  Francisco  office.  Edward  M.  Ornitz,  the  San  Fran- 
cisco representative,  has  joined  the  Engineering  Corps  as 
Fiist    Lieutenant. 

Offices  have  been  opened  in  the  Conway  Building.  Chicago, 
by  the  Hollow  Building  Tile  Association,  composed  of  manu- 
facturers representing  90  per  cent  of  the  total  production  of 
this  burned  clay  product.  Mr.  E.  R.  Sturtevant.  until  recently 
a  successful  manufacturer  of  hollow  tile,  has  been  elected 
secretary  and  treasurer. 

The  Walter  A.  Zelnicker  Supply  Co.,  St.  Louis,  has  secured 
the  services  of  J.  C.  Bryan,  formerly  with  Manning.  Maxwell 
&  Moore.  Inc..  as  southwestern  representative  of  The  Ash- 
croft  Manufacturing  Co..  The  Consolidated  Safety  Valve  Co., 
The  Havden  &  Derby  Mfg.  Co..  and  The  Hancock  Inspirator 
Co.  Mr.  Bryan  will  be  associated  with  the  equipment  depart- 
ment  of   the   Zelnicker  Co. 

Mr.  A.  W.  Ransome,  who  for  nearly  20  years  has  been 
closely  identified  with  the  development  and  manufacture  of 
concrete  machinery,  has  joined  with  the  Blaw-Knox  Co., 
Pittsburgh,  Pa.  During  the  past  two  years.  Mr.  Ransome 
has  been  developing  and  putting  into  practice  sundry  im- 
proved patents  on  concrete  machinery,  all  of  which  have  been 
purchased  bv  Blaw-Knox  Co.  and  will  be  marketed  and 
further  developed  under  his  direction  as  manager  and  chief 
engineer  of  the   mixer  department. 

Owing  to  the  expansion  in  its  business  the  Ransome  Con- 
crete Machinery  Co.  has  incorporated  anew  with  larger  cap- 
ital. The  new  Ransome  Concrete  Machinery  Co.  of  New 
Jersey  has  been  incorporated  with  a  capital  stock  of  Jl. 000. 000 
and  $500,000  cumulative  preferred  stock  and  $500,000  common 
stock.  The  new  incorporation  takes  over  the  business  and 
plants  of  the  old  Ransome  Concrete  Machinery  Co.  of  New 
York.  It  will  enlarge  and  further  expand  its  business  until 
it  will  cover  the  entire  line  of  building  contractors'  equip- 
ment, contractors'  machinery  and  road  builders'  machinery 
and  equipment.  The  directorate  of  the  newly  incorporated 
companv  is  as  follows:  Frank  L.  Brown,  director  and  presi- 
dent. New  York;  John  J.  Givens.  director  and  treasurer, 
Dunellen;  H.  K.  Brooks,  director  (vice-president  American 
Express  Co.).  New  Y'ork;  C.  H.  Haney.  director  (sales  man- 
ager. International  Corp.).  Chicago;  Robt.  R.  Moody,  director. 
New  York;  John  G.  Wood,  director  (general  manager  of 
works.  International  Harvester  Co.),  Chicago;  G.  F.  Steele, 
director   (manager  News  Print  Association),  New  York. 
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Roads  =  Streets 


Ala.,  Carrollton— Until  Sept.  25  by  B.  G. 
Robinson  for  constructing  50  miles  of  road, 
including  grading,  graveling  and  construct- 
ing bridges,  involving  165,000  cu.  yds.  grad- 
ing, 40,750  cu.  yds  gravel.  Gus  E.  Hauser, 
Engineer,   Columbus,   Miss. 

Ala.,  Livingston— Until  Sept.  24  by  W.  S. 
Keller.  State  Highway  Engineer,  Montgom- 
ery, Ala.,  for  grading  and  draining  State 
trunk  road  No.  7  between  here  and  Gaines- 
ville,  Ala. 

Ala.,  Russellvllle — Until  3  p.  m.,  Sept.  29, 
by  A.  J.  Earle,  City  Engineer,  for  con- 
structing grade  work,  gravel  paving,  con- 
crete culverts  and  concrete  curb  and  gutter. 

Cal.,  Mare  Island— Until  Sept.  17.  by 
Bureau  of  Yards  and  Docks,  Navy  Depart- 
ment, Washington,  D.  C,  tor  grading  at 
navy  yard  here. 

Cal.,  Oxnard — Until  7:30  p.  m.,  Sept.  11, 
by  Frank  B.  Pettis,  City  Clerk,  for  grading 
and  paving  with  4-in.  concrete  pavement, 
1^-in.  asphaltic  concrete  wearing  surface, 
cement  curbs  and  gutters  on  Savier's  Road. 

Cal.,  Pasadena — Until  10  a.  m.,  Sept.  11, 
by  Henian  Dyer  City  Clerk,  for  improving 
portion  of  Pludson  Av. 

Cal.,  San  Bernardino — Until  7;30  p.  m., 
Sept.  17,  by  City  Clerk,  for  improving 
South  .\rrow  Head  Av.  with  4-in.  concrete 
base  and  asphaltic  oil  wearing  surface. 

Cal.,  Santa  Ana — Until  2  p.  m.,  Sept.  IS, 
by  W.  B.  Williams,  Clerk,  Board  of  Super- 
visors, Orange  County,  for  grading  approx- 
imately 1900  ft.  of  Brea-Olinda  Road  and 
removing  approximately  4600  cu.  yds,  of 
earth. 

Cal.,  South  Pasadena — Until  5  p.  m..  Sept. 
17,  by  V.  B.  Garwood,  City  Clerk,  for  pav- 
ing Fremont  .4ve.  with  5-in.  concrete  pav- 
ing,  involving  approximately  216,000  sq.   ft. 

Fla.,  Kissimmee— Until  Sept.  17,  by  J. 
L.  Overstreet,  Clerk,  Osceola  County,  (or 
constructing  brick  road  in  districts  Nos. 
1  and  2. 

Ida.,  Pocatello — Until  5  p.  m.,  Sept.  16,  by 
A.  R.  Daw.son,  City  Clerk,  for  resurfacing 
pavements  involving  5,400  sq.  yds.  of  con- 
crete paving. 

Ida.,  Wallace — UntiO  p.  m.,  Sept.  10.  by 
David  H.  Delong,  City  Clerk,  for  paving 
portions  of  streets  Including  concrete  curbs 
and  gutters.      Total   estimated  cost   $12,990. 

III.,  Morrison — Until  2  p.  m.,  Sept.  IS,  by 
v.  N.  Taggett.  County  Superintendent  of 
Highways,  for  16,046  sq.  yds.  of  gravel  road 
for  highway  commissioners  of  Albany.  Ad- 
vertisement in  this  issue.  ' 

III.,  Paris— Until  11  a.  m..  Sept.  17.  by 
Commissioners  of  Highways,  Hunter  Twp.. 
Edgar  County,  Suoerintendent  Office,  for 
constructing  3,000  lin.  ft.  gravel  road  on 
Heelan  Road  and  3,000  lin.  ft.  on  Baldwins- 
ville-State   Line   Road. 

Ind.,  Columbus — Until  10  a.  m..  Sept.  21, 
by  W.  H.  Scott.  County  Auditor,  Barthol- 
omew County,  for  constructing  11,074  ft. 
and  11,294  ft;  gravel  road  in  Flatrock  and 
German  Twps.,   respectively. 

la.,  Cherokee — Until  2  p.  m.,  Sept.  10,  by 
W.  O.  Dailey,  County  .\uditor,  Cherokee 
County,  for  graveling  oVz  miles  of  Marcus 
Southern  Section  of  county  road  system. 

la.,  Ottumvifa- Until  10  a.  m.,  Sept.  14, 
by  City  Clerk,  for  furnishing  material  and 
laymg  approximately  10,925  sq.  yds.  paving. 
Horace  A.  Brown.  City  Engineer.  (Adver- 
tisement in  this  issue.) 

la.,  Sidney — Until  2  p.  m.,  Sept.  12,  by 
Rees  B.  Ellis,  County  Auditor.  Fremont 
County,  for  grading  with  approximately 
50,000  cu.  yd.  and  incidental  road  work 
in  Sydney  Twp.  and  Riverton  Twp.  Work 
can   be  done   with  small   dredge. 

La.,  Cameron— Until  Sept.  22,  by  Board 
of  Supervisors,  Road  District  No.  1.  Cam- 
eron County,  for  grading  and  bridging 
road  in  Hackberry,  a  distance  of  5.5  miles. 
T.  A.  Mandell,  Lake  Charles,  La.,  Engi- 
neer. 

Mass.,  Quincy— Until  10  a.  m..  Sept.  10, 
by  Commissioner  of  Public  Works,  City 
Hall,  for  laying  about  2.500  sq.  yd.  granite 
block  pavement  on  concrte  base,  furnish- 
ing and  setting  about  1.300  lin.  ft.  of 
edgestone.  Moses  L.  Brown.  Commis- 
sioner of  Public  Works. 


Minn.,  Buffalo— Until  2  p.  m.,  Sept.  11, 
by  John  -A.  Berg,  County  -Auditor,  Wright 
County,  for  grading  and  graveling  state 
roads  Nos.   S  and  9. 

Minn.,  Columbia  Heights — Until  8  p.  m., 
Sept.  11,  by  J.  N.  Thull,  Village  Clerk,  for 
constructing  sidewalk.  J.  E.  Hill.  Village 
Engineer,  314  Nicollet  Av.,  Minneapolis, 
Minn. 

Minn.,  Mantorvllle — Until  2  p.  m.,  Sept. 
12,  by  Geo.  L.  Taylor,  County  Auditor, 
Dodge  County,  for  hauling  and  placing 
2,400  cu.  yds.  of  gravel  on  state  road  No. 
1  in  Section  35  and  36,  Town  107.  Range  17. 

Minn.,  St.  Peter — Until  8  p.  m.,  Sept.  10, 
by  M.  E.  Stone,  City  Clerk,  for  construct- 
ing curb  and  gutters  on  and  along  certain 
parts   of  Nassau  St.   and   Park    Row. 


Minn.,  Wadena — Until  8  p.  m.,  Sept.  12, 
by  .v.  C.  Murray,  Village  Clerk,  for  gravel- 
ing 5th  St.  L.  P.  Zimmerman,  City  Engi- 
neer. 

Mo.,  Kansas  City — Until  2  p.  m.,  Sept. 
12,  by  T.  C.  Harrington.  Secretary,  Board 
of  Park  Commissioners,  City  Hall,  for  fur- 
nishing material  and  constructing  bitu- 
minous macadam  pavement  on  roadway 
in   Paseo. 

Mont.,  Ronan — Until  Sept.  10,  by  E.  T. 
Crawford.  City  Clerk,  for  macadamizing 
and  curbing  streets  and  conduits  at  a  cost 
of  $12,000.  Gerharz-.Jaquah  Engineering 
Co.,    Great    Falls.    Mont.,    Engineers. 

Neb.,  O'Neill— Until  2  p.  m.,  Sept.  11,  by 
.A.ugust  Wabs.  Clerk,  Coleman  Twp.  Board, 
for  grading  1%  miles  new  grade,  two  miles 
re-grading,  three  miles  repairing  roads  in 
Coleman  Twp.,  Twp.  32,  range  12.  Grades 
to  be  20-ft.  wide,  16-in.  fill  at  center  and 
to  slope  one  inch  to  a  foot  on  each  side. 

N.  Y.,  Albany— Until  1  p.  m.,  Sept.  29, 
by  State  Commission  of  Highways.  55 
Lancaster  St.,  Albany,  for  3-in.  brick  re- 
surfacing on  5-in.  concrete  base  road  in 
Ridge-Rochester,  Sea  Breeze,  in  Monroe 
County. 

New  York,  N.  Y. — The  following  con- 
tracts were  awarded  by  Marcus  M.  Marks, 
President,  Borough  of  Manhattan,  2032  Mu- 
nicipal Bldg. ,  Manhattan,  for  repaying  with 
granite  block  and  sheet  asphalt  several 
streets  in  city.  P.  Cramer,  114  E.  52nd  St., 
at  $1,552,  and  the  Cleveland  Trinidad  Pav- 
ing Co.,  Flushing,  N.  Y..  at  $32,238. 

Ohio,  Cleveland  Heights — Until  noon, 
Sept.  17,  by  H.  H.  Caniield,  Clerk  of  Vil- 
lage, for  furnishing  material  and  con- 
structing brick,  sergent  block  and  vitri- 
fied pipe,  storm  and  sanitary  sewers  in 
the  Taylor-Caledonia  sewer  district  No.  5. 
F  .\.  Pease  Engineering  Co..  S04  Marshall 
Bldg.,   Cleveland,    O. 

Ohio,  Columbus — Until  2  p.  m.,  Sept.  7, 
by  Clinton  Cowen,  State  Highway  Com- 
missioner, for  constructing  section  2  of 
the  Wooster-Millersburg  road  in  Wooster 
Twp..  including  gi-ading,  constructing 
bridges  and  culvei<ts  and  paving  with 
monolithic  brick,  10  ft.  wide.  26-ft.  road- 
way, about  1.17  miles.  Estimated  cost, 
$22,076:  also  for  Section  A  of  same  road, 
.88    mile,    at   $15,081. 

Ohio,  Columbus — Until  2  p.  m.,  Sept.  7, 
by  Clinton  CoWen,  State  Highway  Com- 
missioner, for  the  following  improve- 
ments: Adams  County,  Section  "B."  West 
Union-Hillsboro  Road.  Wayne  Twp..  grad- 
ing, paving  with  waterbound;  macadam 
and  constructing  bridges  and  culverts.  1.06 
miles:  estimated  cost,  $9,211.  Section 
"C"-2  of  West  Union-Sinking  Spring  Road 
in  Meigs  Twp.,  grading,  paving  with  wa- 
terbound macadam  and  constructing  cul- 
verts. 1.33  miles,  at  $8,500.  Ashtabula 
County,  Section  "C,"  Youngstown-Con- 
neaut  Road,  constructing  drainage  struc- 
tures, grading  roadway  and  paving  auo-it 
5  miles,  monolithic  brick.  $114,656:  con- 
crete, $100,033.  Butler  County,  Section 
"I,"  Hamilton-Middletown  Road.  Lemon 
Twp.,  bridges  and  culverts,  grading  road- 
way, grading  monolithic  brick,  $75,964: 
reinforced  concrete.  $67,933.  Section  "J." 
same  road,  monolithic  brick,  $81,875:  re- 
inforced concrete,  $71,625:  3.54  miles. 
Crawford  County,  Section  "L,"  Galion-Bu- 
cyrus  Road,  in  Jefferson  Twp.,  grading, 
constructing  culverts  and  bridges  and  pav- 
ing with  brick  on  concrete  base,  1.79  miles 
at  $55,248.  Green  County,  Section  "I." 
Wilmington-Xenia  Road,  in  Caesar  Creek 
Twp.,  constructing  bridges  and  culverts, 
grading   roadway,    paving  with   waterbound 


macadam,  5.05  miles,  at  $56,653.  Guernsey 
County,  the  McConnellsviUe-Carabridge 
Road,  Section  "A,"  Spencer  Twp.,  grading, 
constructing  drainage  structures  and  pav- 
ing with  bituminous  macadam,  1.44  miles, 
at  $22,371.  Hancock  County,  Section 
"A-l,"  Ottawa-Findlay  Road,  Liberty 
Twp.,  grading  roadway,  constructing 
bridges  and  culverts  and  paving  with  re- 
inforced concrete,  1.2S  miles,  $27,305; 
brick,  $37,417;  asphalt  concrete,  $31,719, 
Highland  County,  Section  "K,"  Hillsboro- 
Piketon  Road,  Liberty  Twp.,  grading,  pav- 
ing with  bituminous  macadam  and  con- 
structing culverts,  2.40  miles,  at  $22,730. 
Highland  County,  Section  "H,"  Allens- 
burg-Lynchburg  Road,  grading,  paving 
with  waterbound  macadam  and  construct- 
ing culverts,  1.43  miles,  at  $11,744.  Jack- 
son County,  Section  '■F,"  Chillicothe- 
Jackson  Road,  Liberty  Twp.,  constructing 
bridges  and  culverts,  grading  roadway  and 
paving  with  waterbound  and  bituminous 
macadam,  1.S6  miles,  at  $18,165.  Knox 
County,  Section  "K,"  Columbus-Wooster 
Road,  Monroe  Twp.,  constructing  bridges 
and  culverts,  grading  roadway  and  pav- 
ing with  reinforced  concrete,  1.61  miles, 
at  $46,389.  Lake  County,  Section  •■Br 
Euclid-Chardon  Road,  Willoughby  Twp., 
constructing  drainage  structures,  grading 
roadway  and  paving  with  reinforced  con- 
crete, 2.25  miles,  at  $36,498.  Lawrence 
County,  Section  "E,"  Ironton-Miller 
Road.  Upper  Tv.p.,  constructing  bridges 
and  culverts,  grading  roadway  and  pav- 
ing with  bituminous  macadam,  one  mile, 
at  $15,214.  Lawrence  County,  Section 
"K,"  Ohio  River  Road,  Union  Twp.,  .97 
mile,  grading  roadway,  constructing  bridges 
and  culverts  and  paving  with  concrete,  at 
$20,027;  or  bituminous  macadam  at  $17,- 
780.  Madison  County,  Section  "A-l," 
Columbus-Cincinnati  Road,  3.28  miles,  in 
Deer  Creek  and  Union  Twps..  grading 
roadway,  constructing  bridges  and  cul- 
verts and  paving  with  waterbound  mac- 
adam, at  $51,657:  bituminous  macadam, 
$51,563;  monolithic  brick,  $51,550.  Medina 
County,  Section  "P-1,"  Cleveland-Wooster 
Road,  in  Brunswick  Twp.,  constructing 
drainage  structures,  grading  roadway  and 
paving  with  monolithic  brick  pavement, 
.73  mile,  at  $21,328.  Mercer  County,  Sec- 
tion "E-1,"  Fort  Recovery-Minister  Road, 
1-22  miles,  grading  roadway,  constructing 
biridges  and  culverts  and  paving  with 
concrete,  at  $31,210.  Monroe  County.  Sec- 
tion "N,"  Ohio  River  Road,  in  Ohio  Twp., 
grading,  constructing  drainage  structure, 
.95  mile,  at  $15,167.  Muskingum  County. 
Section  "L,"  Zanesville-Cincinnati  Road, 
Newton  Twp.,  .82  mile,  grading,  con- 
structing drainage  structure  and  paving 
with  bituminous-bound  macadam,  at  $13,- 
183.  Pickaway  County,  Section  "L-M," 
Lancaster-Circleviile  Northern  Road,  Wal- 
nut Twp.,  grading  roadway,  constructing 
bridges  and  culverts  and  paving  with  wa- 
tei'bound  macadam,  1.37  miles,  at  $24,109. 
Portage  County.  Soctinn  "V."  Akron- 
Toungstown  Road,  Edinburg  Twp.,  grad- 
ing roadway,  constructing  bridges  ana  cul- 
verts and  paving  with  concrete,  2.69 
miles,  at  $46,933;  bituminous  macadam  at 
$42,618;  monolithic  brick,  $59,656.  Preble 
County,  Section  "C-2,"  Hamilton-Eaton 
Road,  Gasper  Twp.,  .52  mile,  grading,  pav- 
ing witli  bituminous  macadam  and  con- 
structing culverts,  $8,148.  Ottawa 
County.  Section  "F-1."  Bowling  Green- 
Pt.  Clinton  Road.  Salem  Twp..  construct- 
ing drainage  structures,  grading  roadway 
and  paving  with  brick,  .39  mile,  at  $12,111. 
Ross  County,  Section  "N,"  Chillicothe- 
Lancaster  Road,  Green  Twp.,  grading  road- 
way, constructing  bridges  and  culverts 
and  pav-ing  with  semi-monolithic  brick,  .66 
mile,  at  $15,811;  also  grading  roadway, 
constructing  bridges  and  culverts  and  pav- 
ing with  semi-monolithic  brick  at  $28,849. 
Stark  County,  Section  "G,"  Ravenna- 
Louisville  Road,  Marlboro  Twp.,  grading 
roadway,  constructing  bridges  and  cul- 
verts and  paving  2.52  miles  with  bitumi- 
nous macadam,  limestone  top  course,  at 
$54,571.  Summit  County,  Section  "N-1." 
Cleveland-Massillon  Road,  in  Norton  and 
Franklin  Twps..  grading  roadway,  con- 
structing bridges  and  culverts  and  paving 
with  brick,  1.80  miles,  at  $54,980.  Section 
"R."  Akron-Canton  Road,  Springfield 
Twp.,  .grading  roadway,  constructing 
bridges  and  culverts,  paving  with  brick, 
2.08  miles,  at  $64,501.  Union  County,  Sec- 
tion "B,"  Marysville-Kenton  Road,  Paris 
Twp.,       grading       roadway,       constructing 
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How  to  Get  Rid  of  Algae  in  a 
Reservoir 

For  many  years  following  the  discovery  that  copper 
sulphate  kills  fresh  water  algae,  Lake  Padden,  the 
140-acre  reservoir  of  the  Fairhaven  City  Water  & 
Power  Co.,  at  Bellingham,  Wash.,  was  given  at  least 
one  annual  treatment  with  the  sulphate.  It  was  soon 
found  that  if  the  sulphate  was  used  liberally  after 
the  spring  rains  and  at  the  upper  end  of  the  lake 
where  a  small  creek  entered  it,  the  spores  of  the  algae 
were  killed  so  soon  after  they  had  been  washed  into 
the  lake  that  they  never  developed  to  an  objectionable 
extent. 

A  few  seasons  ago,  however,  it  occurred  to  the  presi- 
dent of  this  company,  T.  W.  Gillette,  that  if  the  intake 
of  the  supply  main  were  raised  to  a  point  near  the 
surface  of  the  lake,  the  spores  of  the  algae  would  be 
carried  away  almost  as  fast  as  they  were  washed  into 
the  lake.  Accordingly  the  intake  was  raised,  and 
since  that  time  it  has  not  been  necessary  to  use  copper 
sulphate  to  keep  the  water  free  from  algae. 

Simple  as  this  expedient  is,  we  do  not  recall  seeing 
mention  of  it  in  any  discussion  of  this  subject.  Ap- 
parently the  spores  of  algae  float  and  do  not  permeate 
the  entire  body  of  water,  at  least  until  they  have 
germinated.  If,  then,  the  surface  water  is  continu- 
ously drawn  off  at  a  sufficiently  rapid  rate,  the  spores 
will  be  removed  before  the  water  has  become  con- 
taminated by  their  growth. 


A  Cheap  Dam  Made  of  Baskets 
Laid  in  Steps 

The  Japanese  often  protect  the  face  of  levees  with 
baskets  made  of  bamboo  filled  with  rock.  This  design 
suggested  to  a  San  Francisco  engineer,  J.  M.  Howells, 
the  construction  of  a  dam  whose  lower  face  consists 
of  wire  baskets  filled  with  cobbles,  laid  like  a  flight 
of  steps,  the  upper  baskets  successively  overlapping 
the  lower  ones.  A  dam  43  ft.  high  was  thus  built  to 
impound  the  debris  from  placer  mining  operations  on 
Scotchman's  Creek,  California. 

The  lower  face  of  the  dam  looks  like  broad  steps, 
the  tread  of  each  step  being  4  ft.  The  units  of 
which  the  steps  consist  are  baskets  made  of  "chicken 
wire"  filled  with  coarse  gravel,  and  built  in  place. 
Each  unit  is  1  ft.  high,  2  ft.  wide  and  8  ft.  long,  placed 
lengthwise  with  the  creek,  and  lapping  4  ft.  upon  the 
unit  below  it.  A  backfill  of  fine  material  is  placed 
behind  the  baskets  and  seals  the  dam  against  exces- 
sive leakage,  but  no  attempt  is  made  to  make  the  dam 


perfectly  water  tight.  With  labor  at  $3  a  day  the  dam 
was  built  at  a  cost  of  about  50  ct.  per  cubic  yard  in 
place  including  the  cost  of  the  wire  netting. 

The  down-stream  face  of  such  a  dam  will  serve  as 
a  spillway,  but  it  may  be  expedient  to  provide  a  special 
spillway. 

It  would  seem  that  this  type  of  dam  might  be 
adapted  for  other  uses  than  the  storage  of  placer 
debris.  For  example,  it  could  be  used  in  controlling 
rapid  streams  whose  flood  waters  erode  valuable  lands 
or  undermine  bridges  and  retaining  walls.  By  build- 
ing a  series  of  low  dams  of  this  character,  the  hy- 
draulic grade  would  be  so  flattened  that  the  velocity, 
and  consequently  the  erosive  action,  of  the  stream 
would  be  greatly  reduced. 


Waterworks  Tools  and  Supplies 
Carried  in  a  Trailer 

The  Elmira  Water,  Light  &  Railroad  Co.  has  doubled 
the  service  rendered  with  a  light  motorcar,  by  provid- 
ing it  with  a  two-wheel  trailer  that  can  carry  nearly 
half  a  ton  of  equipment  and  supplies.  The  car  carries 
the  workmen  and  hauls  the  trailer  to  the  job  where  the 
trailer  is  detached  and  can  be  pushed  by  hand  from 
place  to  place.  This  leaves  the  car  free  to  perform 
other  similar  service,  or  for  hauling  materials. 

The  trailer  itself  consists  of  the  front  wheels  and 
axle  of  an  old  motorcar  on  which  a  body,  4x7  ft.,  is 
mounted,  and  provided  with  a  canvas  top  and  sides. 
Two  hinged  legs  are  provided  at  the  rear,  to  support 
the  trailer  when  not  attached  to  the  motorcar,  and  a 
third  leg  supports  the  tongue. 

In  traveling  across  the  continent  one  sees  an  in- 
creasing number  of  trailers  used  for  all  purposes. 
Tool-box  trailers  are  among  the  latest  adaptations, 
and  they  are  especially  useful  to  the  construction  and 
maintenance  forces  of  a  waterworks. 


A  Four-fold  Increase  in  Vegetables 
as  a  Result  of  Irrigation 

In  our  last  Waterworks  and  Hydraulic  Monthly 
issue  (Aug.  8)  we  published  an  exceptionally  valuable 
article  on  the  methods  and  results  of  overhead  irriga- 
tion at  the  Seabrook  Farms,  N.  J.  In  that  article  Mr. 
Charles  F.  Seabrook  said  that  his  experience  with  his 
600-acre  farm  justified  him  in  asserting  that  the  yield 
of  vegetables  from  non-irrigated  land  in  New  Jersey 
is  only  one-fifth  the  yield  from  irrigated  land,  consid- 
ering both  quantity  and  quality  of  product. 
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The  average  annual  rainfall  at  Bridgeton,  N.  J., 
where  the  Seabrook  Farms  are  located,  is  25  in.  Mr. 
Seabrook  applies  12  to  20  in.  of  irrigation  water  dur- 
ing the  growing  season,  and  uses  fertilizers  liberally, 
with  results  that  are  fairly  astonishing.  He  grows 
1,200  bu.  of  onions  to  the  acre,  640  bu.  of  potatoes, 
and  32  tons  of  beets  (including  tops).  Moreover,  ir- 
rigation speeds  up  the  maturing  of  crops  to  such  an 
extent  as  to  permit  a  more  rapid  succession  of  crops. 

For  the  engineering  features,  such  as  sizes  and  lay- 
out of  overhead  piping,  the  reader  is  referred  to  the 
article  above  mentioned.  Our  present  comment  is  in- 
tended to  arouse  the  interest  of  civil  engineers  with 
a  view  to  leading  more  of  them  to  take  the  initiative 
in  designing,  installing  and  operating  irrigation 
plants  in  the  "humid  states."  We  believe  that  many 
engineers  will  find  it  highly  profitable  to  themselves 
to  promote  irrigation  projects  in  the  middle,  eastern 
and  southern  states.  In  these  states  irrigation  is  as 
yet  almost  unknown,  yet  the  remarkable  success  of 
such  men  as  Mr.  Seabrook  has  demonstrated  conclu- 
sively that  the  irrigation  of  vegetables  so  greatly  in- 
creases the  output  as  to  make  it  highly  profitable. 
Farmers  are  slow  to  appreciate  what  can  be  accom- 
plished by  irrigation,  and  even  slower  in  their  at- 
tempts to  finance  the  necessary  plants.  This  slowness 
spells  opportunity  for  engineers  who  are  not  equally 
slow. 


The  County  Surveyor  Who  Be- 
came the  "Father  of  Geology" 

Scarcely  more  than  a  century  ago,  for  it  was  in  1814, 
the  first  geological  map  of  England  was  published.  It 
was  the  work  of  William  Smith,  "Strata  Smith"  as  he 
had  come  to  be  called,  a  man  who  had  educated  him- 
self to  be  a  surveyor  and  then  evolved  one  of  the  most 
important  of  scientific  generalizations  as  a  result  of 
his  keen  observation  of  the  rocks  and  fossils  that  he 
encountered  in  his  daily  work. 

Samuel  Smiles  briefly  outlines  the  interesting  career 
of  William  Smith  in  his  "Self  Help,"  but  as  this  old 
book  is  now  read  only  by  a  few,  and  as  Smith's  achieve- 
ments should  particularly  interest  engineers,  we  pur- 
pose indicating  briefly  what  he  accomplished  and  how. 

William  Smith  was  born  in  Oxfordshire  in  1769,  the 
son  of  a  farmer  who  died  early  leaving  the  boy  spar- 
ingly educated.  He  began  to  study  surveying,  aided 
only  by  books,  and  later  became  the  assistant  of  a 
county  surveyor  who  sent  him  on  many  trips  in  his 
own  and  neighboring  counties.  Part  of  this  work  in- 
volved the  mapping  of  some  coal  mines,  and  it  is  per- 
haps this  that  directed  his  attention  most  strongly  to 
the  formation  of  the  earth's  crust.  At  any  rate,  he 
conceived  the  idea  that  the  strata  overlying  the  coal 
beds  were  not  horizontal  but  dipped  toward  the  east, 
possibly  to  rise  and  reappear  again.  While  engaged 
in  levelling  for  a  proposed  canal,  he  confirmed  his 
hypothesis,  at  least  as  to  the  inclination  of  the  strata. 
Shortly  afterwards  his  canal  work  took  him  over  a 
considerable  part  of  England,  and  on  this  trip  he 
repeatedly  noted  not  only  the  frequent  reappearance 
of  a  peculiar  stratum  of  "red  ground"  but  that  it  al- 
ways held  the  same  position  relatively  to  the  strata 
of  lias  and  freestone. 

Whether  it  was  on  this  trip  or  later  that  he  also 
noted  that  each  stratum  had  its  characteristic  fossils 
is  not  stated  by  Smiles,  but  his  keen  eyes  and  retentive 
memory  soon  led  him  to  associate  each  layer  of  rock 
with  cei'tain  fossils.    He  remarked  to  a  companion  as 


they  neared  the  foot  of  the  Dunstable  chalk  hills :  "If 
there  be  any  broken  ground  about  the  foot  of  these 
hills,  we  may  find  sharks'  teeth."  A  few  moments 
later  they  picked  up  six  teeth  from  the  bank  of  a 
newly  dug  ditch!  Smith  thus  tested  his  great  gener- 
alization that  stratified  rocks  are  the  graveyards  of 
prehistoric  creatures  and  that  each  stratum  marks  a 
period  of  time. 

The  geologists  of  his  day,  blinded  by  their  own  hy- 
potheses and  perhaps  incensed  that  a  mere  surveyor 
should  presume  to  teach  them  the  history  of  the  earth, 
were  not  easily  persuaded  to  adopt  the  revolutionary 
theory  that  ancient  seabeds  had  hardened  into  rocks. 
To  them  the  fossil  shells  and  bones  and  leaves  were 
"sports  of  nature,"  fantastic  mimicry  of  life — perhaps 
sown  by  the  devil  to  puzzle  and  deceive  mankind. 

But  "Strata  Smith"  went  about  his  prose  and  his  po- 
etry, his  bread  winning  and  his  travels,  in  search  of 
new  information  about  the  rocks  and  the  creatures 
entombed  within  them.  Finally  he  built  up  such  an 
array  of  evidence  in  favor  of  his  theory  that  in  1831 
the  Geological  Society  of  London  awarded  him  the 
Wollaston  medal,  "in  consideration  of  his  being  a 
great  original  discoverer  in  English  geology,  and  espe- 
cially for  his  being  the  first  in  this  country  to  discover 
and  to  teach  the  identification  of  strata,  and  to  deter- 
mine their  succession  by  means  of  their  embedded  fos- 
sils." 

William  Smith's  great  achievement  may  never  be 
equaled  by  another  surveyor,  as  a  mere  byproduct  of 
professional  work,  but  it  should  serve  to  stimulate 
many  an  engineer  in  his  determination  to  observe  care- 
fully, record  systematically,  and  think  deeply  about 
the  facts  that  come  to  his  attention,  or,  more  properly, 
about  the  facts  that  he  industriously  accumulates  by 
an  increasing  effort  to  gather  more  information  on  a 
given  subject  than  is  had  by  his  associates.  The  first 
essential  to  scientific  success  is  the  accumulation  of 
usable  facts,  whether  they  be  used  as  a  basis  for  a 
grand  generalization  or  merely  to  solve  a  special  tech- 
nical problem. 


The  Economy  of  Machines  In- 
creases as  Wages  Rise 

The  wages  of  common  laborers  now  exceed  $3  a  day 
in  many  localities  and  the  end  of  the  rise  is  not  in 
sight.  We  doubt  whether  the  cessation  of  the  world 
war  will  cause  any  drop  in  wage  rates.  If  wages  re- 
main high,  the  use  of  labor  saving  devices  will  be 
more  economic  than  ever.  Even  where  a  machine  can 
be  kept  busy  only  a  small  part  of  the  year  it  will  often 
pay  a  handsome  return  on  the  money  invested  in  it. 
In  estimating  the  return  on  an  investment  in  a  ma- 
chine, the  mistake  is  often  made  of  allowing  as  high 
an  annual  depreciation  and  repair  rate  for  a  machine 
that  is  actually  in  use  only  a  short  time  annually  as 
is  allowed  for  a  machine  that  is  in  service  almost  con- 
tinuously. Since  the  interest  charge  on  a  machine  is 
a  comparatively  small  item,  it  should  be  evident  that 
if  the  depreciation  and  repair  charge  is  also  small  it 
may  actually  pay  to  own  a  machine  even  where  it  is 
kept  busy  less  than  one  month  in  a  year.  This  is 
particularly  evident  in  the  case  of  a  machine  that  is 
not  high  priced  yet  does  the  work  of  many  men,  such, 
for  example,  as  a  power  tamper  for  compacting  back- 
fill. 

For  construction  equipment  of  this  class  a  deprecia- 
tion and  repair  rate  of  2  per  cent  per  month  of  actual 
service  is  normally  an  adequate  allowaace.     If,  then, 
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the  annual  interest  is  6  per  cent  and  the  machine  aver- 
ages only  one  month  of  service  anpually,  the  total  an- 
nual interest,  depreciation  and  repair  rate  is  but  8 
per  cent  on  the  investment;  whereas,  if  the  machine 
were  in  constant  use,  the  corresponding  rate  would  be 
30  per  cent. 

Now,  8  per  cent  on  each  $1,000  of  investment  is  $80 
a  year,  which  is  a  sum  so  small  that  it  may  be  saved 
several  times  over  in  a  month.  This  fact  is  likely  to 
be  impressed  on  any  one  who  will  talte  the  pains  to 
calculate  the  cost  per  cubic  yard  of  backfill  tamped 
by  hand,  wages  being  $2.50  to  |3  a  day,  and  workmen 
leisurely  playing  the  part  of  weight  lifters. 


Water   Tanks    Made    of   Cement 
Plaster  and  Metal  Lath 

Some  fifteen  years  ago  a  mining  engineer  described 
a  large  smoke  conduit  for  a  smelter,  which  was  made 
by  plastering  cement  mortar  on  metal  lath.  No 
forms  were  required  and  a  very  economical  flue  was 
produced.  We  mention  this  merely  to  indicate  one  of 
the  many  ways  in  which  plastered  metal  can  be  used. 

A  water  tank  14.6  ft.  in  diameter,  and  14  ft.  high 
was  built  by  erecting  wooden  studs,  to  which  were 
fastened  wire  mesh  and  metal  laths,  that  were  given 
several  coats  of  cement  plaster  (1  to  2^2  mix)  con- 
taining cattle  hair  and  10  per  cent  of  hydrated  lime. 
The  cement  wall  of  the  tank  was  made  5  in.  thick  at 
the  top  and  7  in.  at  the  bottom.  Each  coat  of  mortar 
was  scratched  as  soon  as  it  was  sufficiently  hard. 
The  final  inside  coat  was  floated  and  a  wash  of  neat 
cement  and  hydrated  lime  applied  with  a  brush.  The 
floor  of  the  tank  was  concrete  containing  hydrated 
lime. 

Considering  the  facility  and  economy  with  which 
structures  of  plastered  metal  lath  can  be  made,  it  is 
surprising  that  more  of  them  are  not  built. 


Unit  Cost  of  Sewer  Construction  at  Prov- 
idence, K.  I.,  in  1916. 

During  1916  about  19,000  Hn.  ft.  of  8  in.  to  30  in. 
sewer  constructed  for  the  city  of  Providence,  R.  I. 
The  accompanying  tabulation,  from  the  last  annual  re- 
port of  M.  H.  Bronsdon,  City  Engineer,  shows  the  av- 
erage depth  of  cut,  nature  of  excavation,  and  contract 
cost  of  labor  per  foot,  on  the  different  sizes  of  regular 
sewers  built  during  last  year: 


Av. 


Av. 


Average  Nature  of     of  cut.  per 
Items.  Excavation.  Ft.        ft. 

6-in.  pipe  in  drains  to  curb  line. Sand  and  gravel,  dry..   10.50  $0.5-S 

o-in.  pipe  in  drains  to  curb  line. F'ine    sand,    dry 10.50       .57 

6-in.  pipe  in  drains  to  curb  line. Fine   sand,   wet 10.50       .75 

6-in.  pipe  in  drains  to  curb  line. Sand,  gravel  &  boulders  10.50 

6-in   pipe  in  drains  to  curb  line. Hard  pan    10.50 

fi-in.  piije  in  drains  to  curb  line. Rock 10.50 

8-in.  pipe  in  basin  connections. Fine  sand,    dry 8.00 

8-in.  pipe  in  basin  connections. Fine  sand,   wet 8.00 

8-in.  pipe  in  basin  connections. Sand  and  gravel,  dry..     8.00 
8-in.  pipe  in  basin  connections. Sand,  gravel  &  boulders     8.00 

S-in.  pipe  in  basin  connections .  Hard  pan   8.00 

8-in.  pipe  in  basin  connections .  Rock   8.00 

2-in.  pipe  sewer Sand  and  gravel,  dry. .   12.00 

2-in.  pipe  sewer Fine   sand,    dry 12.00 

2-in.  pipe  sewer Fine   sand,   wet 12.00 

2-in.  pipe  sewer Sand,  gravel  &  boulders  12.00 

2-in    pipe  sewer Hard  pan   12.00 

2-in.  pipe  sewer Rock   ^?-!}9 

5-in.  pipe  sewer Sand  and  gravel,  dry 

5-in.  pipe  sewer Fine   sand,    dry 

5-in.  pipe  sewer Fine  sand,   wet 

5-in.  pipe  sewer Hard  pan    

i;-in.  circular  brick  sewer Sand  and  gravel,  dry..  12.33 

.  circuiar  brick  sewer Fine   sand,   wet 21.75 

circular  brick  sewer Sand,  gravel  &  boulders  12.67 

1-in.  circular  brick  sewer Hard  pan  and  rock...   12.67 

4-in.  circular  brick  sewer Sand,  gravel  &  boulders  1.1.00 

l-in.  circular  brick  sewer Sand  and  gravel,  dry..   13.00 

S-in.  circular  brick  sewer Sand,  gravel  &  boulders  13.33 

Oin.  circular  brick  sewer Sand  and  gravel,  dry 


12.25 
12.25 
12.25 
12.25 


13.50 


2. IS 
.49 
1.00 


1.23 
1.01 
1.00 
1.00 
1.6S 
2.10 
1.2r7 
1.00 
3,00 
1.3.S 
2.40 

i;.7ri 

2.00 
3.20 
2.00 
2.75 
3.00 
3.00 


Methods   and  Costs  of  Construct- 
ing 4,173  Feet  of  Large 
Concrete  Sewer 

BY  E.  T.  THURSTON. 
M.  Am.  See.  C.  E.,  57  Post  St.,  San  Francisco,  Cal. 

The  work  consisted  of  the  complete  construction  of 
450  ft.  of  8-ft.  6-in.  x  9-ft.  standard  horseshoe  section, 
reinforced  concrete  sewer,  100  ft.  8-ft.  6-in.  x  9-ft. 
extra-heavy,  horseshoe  section,  reinforced  con- 
crete sewer  under  a  4— track  main  line  rail- 
road crossing,  908  ft.  7-ft.  6-in.  diameter,  cir- 
cular-section, reinforced  concrete  sewer  with  vit- 
rified brick  invert,  and  2,695  ft.  5-ft.  2-in.  x 
7-ft.  9-in.  egg-shape,  reinforced  concrete  sewer  with 
brick  invert  (including  a  90°  curve  of  21  ft.  radius 
and  two  10-ft.  taper  sections  connecting  the  respec- 
tive standard  sections),  representing  a  total  length  of 
4,173  ft.  of  sewer.  Auxiliary  structures  comprising 
18  standard  brick  manholes,  26  concrete  catch  basins 
and  catch-basin  connections  consisting  of  79  ft.  of  18- 
in.  vitrified  pipe  and  1,724  ft.  of  12-in.  vitrified  pipe 
are  not  included.  The  sewer  for  most  of  its  length 
runs  in  a  100-ft.  street,  its  center  line  being  located 
22  ft.  from  the  center  line  of  the  street,  and  from  8 
to  10  ft.  from  the  center  line  of  a  single-track  elec- 
tric street  railway,  the  operation  of  which  was  sus- 
pended during  construction.  The  required  excavation 
was  from  9  ft.  to  20  ft.  6  in.  deep,  averaging  15  ft. 
3  in. 

For  the  first  1,000  ft.  the  excavation  averaged  12 
ft.  in  depth  through  a  layer  of  heavy,  black  gumbo 
about  6  ft.  thick,  overlying  black,  muddy  silt  carry- 
ing considerable  water  and  in  places  approximating 
quicksand.  The  conditions  required  close  sheeting 
and  heavy  timbering  and  much  trouble  was  had  with 
sloughing  sides  and  seeping  water.  This  changed 
gradually  to  stiff  yellow  clay  mixed  with  black  gumbo 
overlying  water-bearing  gravel  and  finally  to  very 
stiff  yellow  clay,  difficult  for  the  steam  shovel  to 
handle  without  the  assistance  of  its  crowding  engine. 
For  two-thirds  the  length  of  the  trench  the  gi-ound 
required  constant  attention  and  careful  shoring  to 
ensure  against  cave-ins.  Ten  street  intersections 
were  crossed,  six  of  which  carried  live  sewers  and 
water  mains  and  one  carried  a  4-track,  main-line  rail- 
road, one  a  2-track  interurban  railroad  and  one  a  3- 
track  electric  street  railway,  a  concrete  sewer  cul- 
vert and  a  network  of  heavy  water  mains.  The  work 
was  commenced  in  the  middle  of  March,  1914,  and 
was  completed  with  the  end  of  October,  1914. 

Organization  and  Equipment. — The  original  work- 
ing equipment  consisted  of  a  steam  shovel,  two  con- 
crete mixers  supported  on  trucks,  charging  barrows, 
concrete  hoppers  and  chutes,  2-yd.  dump  wagons,  slip 
scrapers,  2  diaphragm  pumps,  1  gas-driven  centrifugal 
pump  and  miscellaneous  small  tools  such  as  shovels, 
picks,  mattocks,  German  hoes,  etc.  A  locomotive 
crane  with  equipment  of  dump  buckets  was  added 
later  as  will  be  noted. 

The  working  force  consisted  of  a  superintendent,  a 
time-keeper,  an  engineer,  6  foremen  (overseeing  re- 
spectively the  finishing  of  the  excavation,  the  shoring 
and  lagging  of  the  trench,  the  concrete  work,  the  steel 
reinforcement,  the  handling  of  forms  and  the  extra 
gang  constructing  catch-basins  and  outlying  man- 
holes and  connections  with  same,  gutters,  curbs,  etc.), 
the  steam  shovel  crew,  a  general  mechanic,  carpenters 
and   laborers;   to  which  was   subsequently  added  an 
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engineer  and  a  signal-man  for  the  locomotive  crane. 

The  superintendent  had  active  general  charge  of  the 
work,  assisted  in  an  expert  capacity  by  the  engineer, 
who  in  addition  attended  to  overseeing  the  manufac- 
ture and  handling  of  the  forms  and  the  bending  of  steel 
reinforcement,  the  forms  being  designed  at  the  main 
office,  the  ribs  sawed  out  to  order  in  a  planing  mill 
and  the  forms  made  up  on  the  job.  Had  it  not  been 
impossible  at  the  commencement  of  the  work  to  se- 
cure a  general  superintendent  that  was  competent  to 
read  and  interpret  plans  and  specifications,  the  engi- 
neer would  not  have  been  necessary,  and  during  the 
latter  half  of  the  work  his  services  were  dispensed 
with. 

The  timekeeper  kept  a  carefully  segregated  record 
of  time,  employing  a  mnemonic  system  of  record  and 
making  four  round  trips  per  day  over  the  entire  work 
to  secure  a  classified  record.  He  also  assisted  in 
keeping  track  of  materials  and  supplies  and  made  out 
and  forwarded  the  superintendent's  daily  report  to 
the  head  office. 

The  excavation  foreman  had  charge  of  a  gang  of 
about  30  laborers  which  followed  the  steam  shovel, 
shored  or  lagged  the  trench,  finished  the  trench  to 
size,  line  and  grade  by  templet,  excavated  street  cross- 
ings and  installed  the  underdrains.  The  excavated 
material  was  handled  out  of  the  ditch  by  stages. 

The  concrete  foreman  supervised  the  work  of  a 
gang  of  10  men  mixing  and  placing  concrete  and  as- 
sisting the  foreman  carpenter  in  handling  the  forms. 

The  steel  foreman  had  one  or  two  assistants  and 
when  not  engaged  in  placing  reinforcement  the  gang 
was  kept  fairly  busy  bending  it  into  the  shape  re- 
quired. 

The  foreman  in  charge  of  the  extra  gang  had  a 
dozen  or  more  men,  depending  on  the  demands  of  the 
more  important  part  of  the  general  work. 

General  Plan  of  Operation. — This  required  that  the 
finishing  gang  keep  close  behind  the  steam  shovel,  but 
owing  to  the  fact  that  the  latter  was  limited  in  depth 
of  cut  to  about  16  ft.  and  as  the  ground  was  of  an 
extremely  unstable  nature  and  the  excavated  mate- 
rial very  wet  and  difficult  to  handle,  it  was  found  im- 
possible even  approximately  to  follow  tiiis  plan.  The 
fact  that  the  street  crossings  had  to  be  excavated 
entirely  by  hand  also  delayed  the  progress  of  the  fin- 
ishing gang.  For  this  reason  the  numerous  delays 
in  the  steam-shovel  work  really  retarded  the  general 
progress  very  little.  At  one  time  the  shovel  was  850 
ft.  ahead  of  the  finishing  gang.  Fortunately  the  labor 
strike  occurred  at  this  time  and  therefore  did  not  af- 
fect the  progress  of  the  work  as  a  whole. 

After  the  trench  had  been  finished  to  exact  size 
and  underdrain  installed,  the  invert  reinforcement 
was  placed,  then  the  invert  forms,  after  which  the 
first  of  the  two  mixers  was  moved  into  place  and  the 
invert  poured.  At  the  expiration  of  two  days  the 
forms  were  removed  and  the  brick  invert,  if  any  was 
required,  laid,  after  which  the  arch  reinforcement 
was  placed;  then  the  arch  forms  set  in  place  and 
braced,  and  the  balance  of  the  concrete  poured  with 
the  second  mixer.  The  sides  were  poured  first  and 
after  the  concrete  had  set  the  wing  forms  were  ad- 
justed and  braced  and  the  top  poured,  the  sides  and 
arch  generally,  but  not  necessarily,  being  poured  on 
different  days. 

After  sufficient  time,  in  the  opinion  of  the  inspec- 
tors, had  elapsed,  generally  about  a  week,  backfilling 
was  proceeded  with  by  means  of  a  team  with  slip 
scraper,  driver  and  holder,  scraping  into  the  trench 
that  portion  of  the  excavated  material  that  had  been 


dumped  alongside  for  that  purpose.  The  loose  fill 
being  thus  completed  up  to  within  about  a  foot  of  the 
surface  of  the  ground,  the  whole  ditch  was  flooded, 
the  water  being  introduced  at  the  surface  of  the  con- 
crete through  a  long  pipe  inserted  into  the  ground. 
As  much  as  possible  of  the  balance  of  the  fill  to  bring 
the  trench  up  to  subgrade  was  done  by  team  direct 
from  the  steam-shovel  excavation.  The  trench  be- 
ing thus  filled  practically  to  the  level  of  the  pave- 
ment it  was  left  until  near  the  end  of  the  job  when 
the  entire  work  of  repaving  was  done  as  one  job. 

Excavation. — The  main  excavation  was  done  with  a 
steam  shovel  mounted  on  trussed  cross-timbers  sup- 
ported on  hardwood  rollers  running  on  boards  laid 
on  either  side  of  the  proposed  trench,  spanning  about 
20  ft.  on  centers,  the  outfit  pulling  itself  along  as  re- 
quired by  means  of  a  cable  attached  to  a  deadman 
ahead.  The  shovel  was  especially  equipped  with  a 
1-cu.  yd.  dipper  on  a  long  dipper  stick  enabling  it  as 
mounted  to  dig  about  16  ft.  below  grade. 

The  outfit,  assembled  as  described,  just  at  it  had 
been  returned  from  a  similar  job  some  3  years  be- 
fore was  rented  for  $250  per  month  on  the  assurance 
that  the  boiler  and  engine,  though  dirty  and  rusty, 
were  in  good  working  order,  the  boiler  having  re- 
ceived new  tubes  just  before  it  was  laid  up  in  the 
yard.  Two  days  overhauling  and  inspection  by  a 
complete  crew  and  the  contractor's  supervising  engi- 
neer resulted  in  a  favorable  report  on  the  shovel,  but, 
within  the  rental  period,  the  boiler  tubes  were  re- 
rolled  until  they  had  to  be  reinforced,  the  boiler  re- 
quired sheathing  and  a  new  idler  pulley,  new  bronze 
gear  pinion,  new  friction  strap  and  shoes,  and  ulti- 
mately an  entire  renewal  of  the  crowding  engine  were 
necessary.  Minor  troubles,  such  as  chain  breakage, 
were  of  about  daily  occurrence  and  probably  doubled 
the  reasonable  cost  of  operation. 

Rental  was  paid  for  161  calendar  days.  Of  these, 
22  days  were  required  in  moving  from  storage  to  job 
and  return;  20  days  were  holidays  or  rainy  days  and 
15  days  were  lost  on  account  of  jurisdictional  dis- 
putes between  labor  unions,  leaving  104  days  avail- 
able for  actual  work.  Of  these  104  working  days  37 
were  devoted  wholly  to  repairs  and  renewals,  leav- 
ing only  67  days  or  64  per  cent  of  the  working  time 
or  411 2  per  cent  of  total  time  on  which  actual  excava- 
tion, together  with  incidental  repairing,  was  done. 

Sufficient  material  for  backfilling  was  piled  on  one 
side  of  the  trench  and  the  balance  of  the  excavated 
material  was  dumped  direct  into  wagons  moving  on 
the  other  side.  In  addition  to  the  shovel  crew,  three 
attendants  were  in  general  required  for  miscellaneous 
work,  principally  keeping  street  clean  around  wag- 
ons, watching  trench  banks  for  signs  of  failure,  plant- 
ing and  shifting  deadmen  and  attending  rollers  while 
moving  ahead.  Owing  to  the  structural  limitations 
of  the  machine  and  the  weakness  or  entire  useless- 
ness  of  the  crowding  engine,  which  limited  the  con- 
trol and  power  of  the  dipper,  the  cut  was  not  car- 
ried as  close  as  desirable  to  the  finish  lines  on  the 
sides  and  bottom,  and  an  average  of  about  6  in.  on 
either  side  and  from  6  in.  to  5  ft.  in  the  bottom  was 
left  for  the  finishing  gang  to  remove. 

The  trench  as  dug  by  the  shovel  varied  from  12  ft. 
to  7  ft.  wide  and  from  7  ft.  to  ISVo  ft.  deep,  and  the 
material,  as  hereinbefore  stated,  was  mostly  black 
gumbo  and  sandy  clay,  easy  digging  except  in  the 
last  quarter  of  the  work,  where  stiff,  sandy  clay, 
merging  into  hardpan,  was  encountered,  and  with  a 
crippled  crowding  engine  the  digging  was  found  diffi- 
cult. 
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The  shovel  crew,  working  8  hours  per  day,  6  days 
per  week,  with  time-and-a-half  allowance  for  over- 
time and  double  time  for  working  Sundays  and  holi- 
days, comprised  the  following: 


engineer. 


Per  day 
and  board. 

. .     $6.00 


1  steam   shovel 
1  cranesman     . . 

1  fireman    3.00 

■;  laborer  attendants    2.50 

(,''(ml   was   $9.00   per  ton  delivered. 

Following  is  a  statement  of  the  performance  of  the 
steam  shovel: 

STEAM  SHOVEL.  PERFORMANCE, 
Mat' 


Labor. 

$70 


Per 


$65S 
$1,494 


$814 

$0.06:; 

$2,850 

$0,228 

1,063 
113 
728 

0.082 
0.008 
0.056 

Days. 

Investigating  outfit    4V4         $ 

Moving-  on  and  oft  Job — ■ 
Moving      14      mile      and 

loading  on  car 5  42 

Unloading    and    setting 

up  on  job S'Vi  7 

Freight  both  ways 5  CO 

Moving  ofl"   Job    Vi    mile 

and  loading  on  car. . .  3%                  7 
■     Unloading    and    return- 
ing 14   mile  to  owner  3  

Compensation  insurance 

on    labor    40 

Totals  for  moving 22  $156 

Operation — 

Rental  and  labor 161  $1,356 

Fuel  and  oil   (coal  at  $9 

per  ton)   1,063 

Compensation    insurance  . .  113 

Repairs  and  renewals...   37  256 

Total  operation  cost 67         $2,788         $1,960         $4,754         $0,366 

Note. — Quantity  of  material  handled  (13,000  cu.  yd.)  is  given  aa 
originally  eetimated  necessary  to  be  dene  and  takes  no  account 
of  extra  material  handled  because  of  slides  and   failure  of  banks. 

The  best  day's  performance  of  the  shovel  was  109 
lin.  ft.  of  trench  or  about  345  cu.  yd.  excavating  to 
a  depth  of  about  12  ft.  6  in.  Toward  the  end  of  the 
job,  while  excavating  to  its  maximum  depth  of  16  ft., 
its  best  day's  work  was  60  ft.  of  trench  or  220  cu. 
yd.  The  shovel  averaged  194  cu.  yd.  for  each  day  in 
which  digging  was  done  and  125  cu.  yd.  for  each 
available  working  day.  In  considering  the  perform- 
ance record  it  should  be  borne  in  mind  that  the  neces- 
sity for  storing  a  portion  of  the  excavated  material 
along  the  trench  for  subsecLuent  backfill  enabled  the 
shovel  to  keep  at  work  regardless  of  whether  the  dump 
wagons  were  spotted  promptly  for  loading,  thus  ma- 
terially reducing  what  is  usually  the  controlling  fac- 
tor in  steam-shovel  output. 

Hand  Excavation  and  Trimming. — The  finishing 
gang  with  picks,  shovels,  German  hoes  and  mattocks, 
did  all  the  excavation  left  by  the  steam  shovel,  and 
finished  the  trench  carefully  to  size,  shape,  line  and 
grade  and  laid  an  underdrain  of  4-in.  tile  covered 
with  gravel  which  carried  the  seepage  water  to  sumps 
constructed  at  intervals  of  about  600  ft.,  which  in 
turn  were  relieved  by  an  electrically  operated,  2-in. 
centrifugal  pump,  tended  chiefly  by  the  general  me- 
chanic. During  the  first  two  months  the  gang  com- 
prised about  30  laborers  at  $2.50  per  day  (8  hours), 
a  straw  boss  and  interpreter  (Italian)  at  $3.75,  and 
a  foreman  at  $5.  The  excavated  material  was  shov- 
eled by  stages  to  the  surface  of  the  ground  and  thence 
into  wagons.  This  portion  of  the  work  in  particular 
was  in  very  wet  ground,  necessitating  the  construc- 
tion of  dams  of  sacks  of  sand  and  the -use  of  a  2-in. 
centrifugal  pump  and  a  3-in.  diaphragm  pump.  Lat- 
terly, a  5-ton  locomotive  crane  with  outfit  of  dump 
buckets  was  secured  and  mounted  on  the  street  car 
track  alongside  the  trench,  greatly  facilitating  the 
work,  as  will  appear  from  the  tabulated  statement  of 
cost.  It  should  be  considered,  however,  that  there 
was  less  mud  to  contend  with  in  the  portion  of  the 
trench  served  by  the  crane. 

Preceding  the  finishing  gang  and  immediately  be- 
hind the  steam  shovel,  a  lagging  gang  of  from  2  to  5 
men  at  $2.50  and  $2.75  per  day,  under  a  foreman  at 


$4  per  day,  placed  necessary  shoring  and  lagging.  The 
bracing,  where  sheeting,  was  required,  comprised  2 
lines  of  6x8  rangers  on  either  side  with  6x8  spread- 
ers on  6  to  8-ft.  centers  and  2-in.  x  12-in.  sheeting  was 
driven  behind  these  rangers,  a  total  of  29,000  ft.  B.  M. ; 
2-in.  plank  was  used  for  this  lagging,  very  little  of 
which  was  recovered  intact.  In  addition  16,000  ft. 
B.  M.  Oregon  pine  lumber  were  used  for  rangers, 
spreaders,  etc. 

The  total  cost  of  deepening  and  finishing  trenches 

to  templet  after  rough  work  had  been  done  by  the 

steam  shovel    (except  at  street  crossings  which  the 

$70     °$'.J.^.'.      shovel  had  to  skip  and  which,  therefore,  was  all  hand 

work)  and  depositing  material  either  in  spoil  bank  or 

350       in   wagons    (except  the   section   through   unimproved 

117       street,  which  was  all  hand  work  under  superior  work- 

8"       ing  conditions    and    from    which    all    material    was 

137       spoiled   along  the  trench)    was   as   follows,   laborers 

100       receiving  $2.50   and   $2.75   per   day   and   foreman   $8 

.in  per  day: 

Quantity, 
cu.  yd.       Mat'l.       Labor. 

Hand  work,  by  stages.   1,800         $ $4,382 

Hand  work,  crane  and 

bucket    3,100  766  3,059 

Hand  work,  by  stages, 
through     unimproved 

street    1,700         1,553 

Tools,    etc 422  58 


Total. 
$4,382 


Per 
cu.  yd. 
$2.43 


.92 


Total    (;,600         $1,188         $9,052       $10,240         $1,55 

The  performance  of  the  crane  alone  is  summarized 
as  follows,  engineer  on  crane  receiving  $6  per  day 
and  signalman  $5  per  day: 

Mat'l. 

Rent,  crane  (9C  days) $'}24 

Ren  t,   buckets    63 

Freight  and  cartage 15 

Renew'als  and  repairs ,       9 

Fuel,  oil,   etc 55 

Crew   (engineer  and  signalman) 

Compensation   insurance   69 


$  37 

'854 

$891 


Per 
cu.  yd. 

$0,201 
.020 
.005 
.012 
.018 
.276 
.022 

$0,556 
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Total    $835         $891         $1,' 

(3, ion  cu.  yd.  handled.) 

Forms. — The  forms  for  invert,  sides  and  arch  of 
each  standard  section  were  constructed  of  1%-in. 
solid  and  1%-in.  and  2%-in.  built-up  ribs,  and  1x3  and 
1x6  tongue  and  groove  sheathing.  The  ribs  were 
sawn  to  detail,  delivered  from  mill  to  job  in  the  knock- 
down and  there,  with  sheathing,  assembled  into  units. 
The  invert  units  were  made  in  one  piece,  but  those  of 
the  arch  in  three  pieces  designed  to  collapse  on  re- 
moval of  separator  at  bottom  and  be  moved  forward 
in  sections.  The  arch  and  invert  forms  for  the  two 
10-ft.  taper  sections,  joining  sewers  of  different  shape 
and  size,  were  built  in  place  on  ribs  delivered  sawn 
to  detail.  The  forms  for  a  90°  bend  of  21-ft.  radius 
were  assembled  and  built  in  three  sections  compris- 
ing arch  and  sides  intact,  and  three  invert  sections, 
on  ribs  taken  from  discarded  straight  units,  and 
lowered  into  place  bodily. 

The  forms  for  the  8-ft.  6-in.  x  9-ft.  horseshoe-shape 
and  the  7-ft.  6-in.  circular  sewers  were  made  in  units 
10  ft.  long,  but  these  were  found  too  bulky  and  the 
forms  for  the  arch  and  sides  of  the  5-ft.  9-in.  x  7-ft. 
6-in.  egg-shape  sewer  were  therefore  made  in  8-ft. 
units;  200  ft.  of  arch  and  100  ft.  of  invert  forms  were 
made  for  the  horseshoe-shape  sewer,  200  ft.  of  arch 
and  invert  forms  for  the  circular  sewer,  and  320  ft. 
arch  and  100-ft.  invert  forms  for  the  egg-shape  sewer. 
The  quantity  was  about  right  for  the  last-named,  but 
turned  out  to  be  excessive  by  about  50  per  cent  for 
the  others,  due  to  erroneous  anticipation  of  work- 
ing conditions.  The  mill  work  on  these  built-up  ribs 
cost  about  $23  per  M  ft.  and  on  the  solid  ribs  $10 
per  M  ft. 

The  labor  cost  per  foot  of  sewer  built  was  as  fol- 
lows,  carpenter's   wages   averaging  $3.50    per    day: 
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Making  forms,  exclu.sive  of  millwork,  10.2  ct. ;  placing 
and  removing  forms  51.6  ct;  making,  placing  and 
stripping  forms  for  curve,  $8.52  per  foot.  The  forms 
were  greased  with  crude  oil  to  facilitate  stripping  and 
the  abutting  ribs  of  adjoining  sections  were  connect- 
ed by  special  bolts  with  loose  threads  and  thumb 
nuts,  thus  largely  obviating  the  use  of  wrenches  and 
accelerating  the  work  of  stripping  and  erecting. 

The  wing  or  outer  arch  forms  for  the  horseshoe 
and  circular  sewers  were  made  up  in  10-ft.  lengths 
of  sheet  steel  reinforced  with  flat  bars,  sufficient  to 
form  50  ft.  of  sewer.  It  was  considered  that  these 
forms,  which  were  so  made  as  to  be  adjustable,  by 
rebending  over  a  form,  to  suit  the  varying  extradosal 
curvature,  would  serve  the  entire  job,  but  they  proved 
somewhat  awkward  to  handle  and  were  not  used  for 
the  egg-shape  sewer,  wooden  forms  being  substituted. 
Here,  it  may  be  observed,  the  contractor  found  the 
supervising  inspector  desirous  that  the  extrados  pre- 
sent a  uniform,  smooth  surface,  although  it  was 
doomed  forever  to  be  covered  from  view  under  sev- 
eral feet  of  earth  and  macadam,  and  some  difficulty 
was  experienced  in  avoiding  giving  it  a  troweled  plas- 
ter finish. 

Reinforcement. — The  specifications  provided  for  re- 
inforcement with  electrically-welded  wire  fabric  No. 
3  and  No.  8  wires,  2-in.  x  16-in.  mesh  for  the  horse- 
shoe sewer;  No.  3  and  No.  10  wire,  2-in.  x  16-in.  mesh 
for  the  round  sewer,  and  No.  3  and  No.  10  wires,  3- 
in.  x  16-in.  mesh  for  the  egg-shape  sewer.  Inasmuch  as 
it  was  required  that  two-thirds  of  the  stone  or  coarse 
aggregate  should  pass  a  2-in.  screen  and  be  rejected 
on  a  1^4-in.  screen,  the  contractor  foresaw  difficulty 
in  using  the  2-in.  mesh  frabric  and  induced  the  en- 
gineer to  consent  to  the  substitution  of  deformed  bars 
of  medium  steel,  provided  the  reinforcement  have  at 
least  equivalent  strength,  figuring  the  wire  at  60,000 
lb.  per  square  inch  and  the  bars  at  16,000  lb.  per 
square  inch. 

The  bars  were  bent  to  templet  in  the  material  yard 
close  by  and  brought  to  the  job  ready  to  place.  To 
avoid  treading  the  invert  reinforcement  into  the  mud 
at  the  bottom  of  the  trench,  it  was  necessary  to  lay 
boards  in  the  bottom  and  to  tie  the  bars  to  position 
after  the  invert  forms  were  in  place,  after  which  the 
boards  were  removed.  The  arch  reinforcement  was 
placed  before  the  forms  were  set  and  rigidly  tied  and 
braced  to  position.  In  planning  the  reinforcement, 
the  contractor  made  special  provision  in  the  bending 
to  facilitate  placing  and  retaining  the  bars  in  exact 
position  under  the  plan  when  the  ends  of  the  invert 
bars  rested  against  the  sides  of  the  trench  (or  exterior 
limit  of  concrete)  at  a  fixed  elevation,  the  bars  were 
in  exact  position.  The  arch  bars  were  required  to  be 
bent  slightly  but  sharply  18  in.  from  each  end  so  that 
when  wired  at  the  angle  points  to  the  invert  bars 
they  also  were  in  exact  position.  This  expedient  was 
noticeably  effective  in  speeding  up  the  work.  In  all 
174,300  lb.  of  reinforcing  steel  was  used,  averaging 
56.4  lb.  per  cubic  yard  concrete,  and  cost  to  handle 


68  ct.  per   100  lb.,  with  labor  averaging  $2.87'-   per 
day. 

Concrete. — The  specifications  provided:  "All  con- 
crete used  in  the  work  shall  be  composed  of  Portland 
cement,  sand  and  broken  rock  or  cement  and  gravel 
in  the  proportion  of  1  cu.  ft.  of  cement  to  2  cu.  ft.  of 
sand  and  4  cu.  ft.  of  stone."  An  attempt  was  made 
by  the  contractor  to  use  for  the  aggregate  a  mechan- 
ically graded  mixture  of  gravel  and  sand  delivered 
ready  mixed  on  the  job,  but  inasmuch  as  conform- 
ity to  exact  proportions  for  maximum  density  as  es- 
tablished by  laboratory  analysis  of  sampled  material 
was  insisted  upon  and  permission  to  order  a  mixture 
having  a  slight  excess  of  sand,  to  allow  for  inevitable 
loss  of  fine  aggregate,  refused,  the  attempt  was 
abandoned  in  favor  of  separate  aggregates  propor- 
tioned on  the  job. 

The  contractor's  choice  of  a  concrete  plant  was 
governed  by  the  experience  of  another  contractor  on 
a  similar  job  in  a  nearby  locality  and  by  the  fact  that 
a  complete  outfit  of  two  mixers  mounted  on  cross- 
timbers,  with  gas-engine  power,  trucks  and  rails  com- 
plete, was  ready  to  hand  at  a  fair  rental.  The  rails 
were  laid  on  heavy  longitudinal  timbers  on  either  side 
of  the  trench  and  the  mixers  mounted  directly  over 
the  center  of  the  sewer.  One  mixer  was  placed  ahead 
to  pour  invert  and  the  other  followed  to  pour  the 
arch.  This  plan  was  adopted  to  avoid  delay  involved 
in  moving  the  heavy  machinery  back  and  forth,  for 
the  invert  progressed  at  times  200  ft.  ahead  of  the 
arch. 

The  outfit  was  expensive  to  install,  this  item 
amounting  to  about  $300,  and  difficult  and  expensive 
to  move,  requiring  the  entire  concrete  gang,  a  team 
of  horses  and  the  undivided  attention  of  the  super- 
intendent to  accomplish,  gave  frequent  trouble  and 
often  flatly  refused  to  perform  at  critical  moments; 
and  the  splashing  and  dripping  of  the  concrete  out 
of  the  mixer  on  the  workmen  beneath  rendered  the 
working  conditions  decidedly  unsatisfactory.  After 
three  months  of  trying  experience,  a  new  12-cu.  ft. 
mixer  on  trucks  and  equipped  with  side  loader  and 
electric  motor  was  substituted.  The  new  outfit 
worked  alongside  the  trench  and  delivered  the  con- 
crete to  the  forms  by  means  of  open  metal  chutes.  It 
was  specially  fitted  to  be  operated,  fore  and  aft,  by 
one  man,  was  easily  moved  and  the  labor  cost  of  mix- 
ing and  placing  the  concrete  was  thereby  reduced  40 
per  cent.  The  progress  of  the  concreting  was  not 
chiefly  dependent  on  the  capacity  of  the  plant,  but  on 
the  advancement  of  other  portions  of  the  work,  main- 
ly the  preparation  of  the  trench. 

The  forecasting  of  the  work  was  assisted  by  the  fol- 
lowing table  (.Table  I)  of  roughly  approximate  unit 
quantities,  from  which  delivery  and  placement  of  ma- 
terial was  determined  and  performance  of  the  gang 
judged  during  the  progress  of  the  work. 


TABLE  I.— APPROXIMATE  UNIT  QUANTITIES 

Tjpe.  8'  6"  X  9'  0". 

Standard. 

Tbtal   length,    including   taper   sections '. .  -'50  ft. 

Invert.        Arch 

Concrete    per    ft.,    cu.    yd .315  .685 

Rock,  per  ft.,   85  cu.    yd .27  .58 

Sand,    per  ft.,    43    cu     yd 14  .29 

Cement,    1.84    bbl 45-  .98 

Rock,  per  25  f t„  cu.  j  d 7  15 

Sand,  per  25  ft.,  cu.  yd , 3  7 

Cement,  per  25  ft.,  bbl 12  25 

(48) 


UANTITIES. 

S'  6"  X  9'  0". 
Heavy. 

105   ft. 

7'  6" 
918 

cir. 
ft. 

5'  2-  X  7'  9". 

2,700    ft. 

Invert.        Arch. 
.430           1.000 
.37               .85 

Invert. 

.185 
.Iff 

Arch, 
.630 
.53 

Invert.        Arch. 
.148             .500 
.13               .43 
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The  cost  of  the  concrete  work  done  by  each  outfit 
is  shown  in  the  following  statement: 

Olrt     Mixei-s:  Material. 

Rent    5    502.00 

Freight  and  cartage  60.00 

Repairs  and  equipment 102.00 

Gasoline    53.00 

Small  tools  (V2  total) 37.00 


Plant   expense    $    754.00 

Concrete    (1,405    cu.    yd.) 6.930.00 


Totals     $7,684.00 

Totals   per   cu.    yd 5.47 

New  Mi.xer: 

Depreciation    5  400.00 

Eciuipment    81.00 

Small  tools  CA  total) 38.00 

Freight    and    caitage 13.00 

Motor  rent  and  installation 57.00 

Power     35.00 


$    G24.00 
8,317.00 


Labor. 

$ 

157.00 
3C.00 

Total. 
$    502.00 
217.00 
138.00 
63.00 
37.00 

1    193.00 
2.241.00 

$    947.00 
9,171.00 

$2,434.00 
1.73 

$'"33.06 
28.00 

$10,118.00 
7.20 

$    400.00 
114.00 
38.00 
41.00 
57.00 
35.00 

$      61.00 
1,598.00 

$    685.00 
9,915.00 

Totals     $8,941.00 

Totals  per  cu.  yd 5.31 

The  average  concrete  gang  on  the  original  outfit 
numbered  10  laborers  at  $2.75  per  day,  1  mixerman 
at  $3  and  1  foreman  at  $5;  on  the  new  outfit,  6  labor- 
ers at  $2.75,  2  men  at  $3  each  and  1  foreman  at  $5, 
the  latter  being  displaced  ultimately  by  one  of  the  $3 
men  raised  to  $3.50.  It  may  be  noted  that  the  labor 
cost  of  mixing  and  placing  concrete  was  95  ct.  under 
the  new  arrangement,  against  $1.59  under  the  old. 

The  largest  day's  concrete  work  with  the  old  mix- 
ers included  about  60  ft.  of  invert  and  50  ft.  of  arch, 
the  invert  being  350  ft.  in  advance  of  the  arch  at  this 
stage;  64%  bbls.  of  cement  were  used,  indicating  43 
cu.  yd.  concrete  and  the  labor  was  as  follows: 

1  foreman    at    $5 '. $  5.00 

2  laborers    at    $3 6.00 

10  laborers  at   $2.75 27.00' 

Total   labor    $38.50 

•Or  $0.90  per  cu.  yd. 

The  largest  day's  concrete  work  with  the  new 
mixer  comprised  about  79  ft.  of  complete  arch  and  97 
ft.  of  sides  only,  the  work  extending  over  a  distance 
of  176  ft.  of  sewer;  98%  bbls.  of  cement  was  used,  in- 
dicating 66  cu.  yd.  concrete  and  the  labor  was  as  fol- 
lows: 

1  foreman    at   $5    $  5.00 

2  laborers  at  $3 6.00 

6  laborers    at    $2.75 1(;.50 

2  laborers  at   $2.50 5.00 


In  each  of  the  foregoing  instances,  conditions  were 
favorable  for  rapid  work,  which  consumed  an  entire 
day  of  8  hours  with  the  men  working  for  a  record. 
Concrete  was  poured  on  62  days  by  the  former  plant 
and  71  days  by  the  latter  plant,  the  average  outputs 
being  22.6  cu.  yd.  and  23.8  cu.  yd.,  respectively,  per 
day  worked. 

Cement  cost  $2,375  per  barrel  delivered  in  sacks, 
with  an  allowance  of  10  ct.  each  for  empty  sacks  re- 
turned in  acceptable  condition  (about  70  per  cent  of 
total)  ;  sand  and  gravel  $1.40  per  cubic  yard  deliv- 
ered; water  at  7  ct.  per  cubic  yard  of  concrete — all 
included  in  cost  of  concrete  materials  as  it  appears 
in  the  statement.  The  statement  covers  cost  of  patch- 
ing, applying  the  cement  wash  specified  for  the  in- 
terior and  final  cleaning  out  of  the  sewer  in  prepara- 
tion for  minute  and  official  inspection. 

Brick  Lining  of  Invert. — The  invert  of  the  circular 
and  egg-shape  sewers  was  lined  with  vitrified  paving 
brick,  laid  flat  in  mortar  composed  of  1  part  Portland 
cement  to  2  parts  quartz  sand.  This  work,  necessarily 
intermittent,  had  an  important  influence  on  the  prog- 
ress of  'the  job,  rendering  speed,  reliability  and  ex- 
pertness  on  the  part  of  the  men  especially  desirable. 
Slowness  or  unavailability  on  call  meant  direct  delay, 
and  an  uneven  lining  would  greatly  increase  the  diffi- 
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culty  of  making  a  tight  joint  between  the  side  arch 
forms  and  the  invert.  The  brick  mason  on  this  work 
was  paid  $8  per  day,  his  hodcarrier  $5,  and  a  laborer 
helper  $2.75  for  8  hours'  work.  The  bricks  were  first 
piled  along  either  side  on  the  haunch  of  the  invert 
against  the  reinforcing  bars,  and  then  the  surface 
of  the  conci'ete  swept  and  flushed  clean  and  dusted 
with  cement.  The  hodcarrier  mixed  the  mortar  as 
required  and  generally  assisted  the  mason,  while  the 
laborer  kept  them  supplied  with  material  from  above. 
The  labor  cost  of  laying  the  invert  was  4  ct.  per 
square  foot,  or  about  $10  per  1,000  brick.  Although 
the  wages  paid  the  mason  and  hodcarrier  involved 
an  advance  of  $1.00  each  per  day  over  the  standard 
wages  for  high-grade  workmen,  the  results  are  deemed 
amply  to  have  warranted  the  extra  expense. 

Backfilling. — The  backfilling  was  accomplished  in 
part  by  wagon  dump  direct  from  the  steam-shovel  or 
other  excavation,  and  in  part  by  shoveling  and  scrap- 
ing from  the  spoil  bank  left  on  one  side  of  the  trench, 
using  a  slip  scraper,  team  and  driver  at  $6.00  per  day 
with  generally  two  men  at  $2.50  and  $2.75  per  day  to 
handle  the  scraper.  The  trench  was  filled  to  a  crown 
as  soon  as  convenient  after  completion  of  concrete, 
puddled  by  introducing  water  at  the  bottom  through 
a  pipe  attached  to  the  end  of  a  hose  and  inserted  in 
the  ground  and  allowing  to  run  until  water  appeared 
on  the  surface  of  the  sunken  fill,  after  which  it  was 
allowed  to  stand  and  partially  dry  out  before  adding 
more  fill.  Water  for  this  purpose  was  charged  at  the 
rate  of  0.7  ct.  per  lineal  foot  of  trench  puddled.  It 
was  only  after  some  experimenting  and  considerable 
argument  that  the  contractor  was  permitted  to  pro- 
ceed in  this  manner,  for  the  specifications  prescribed 
tamping  in  layers;  but  the  method  allowed  proved 
very  satisfactory.  It  is  estimated  that  about  8,200  cu. 
yd.  compacted  fill  was  required  at  a  special  labor  cost 
of  about  26  ct.  per  cubic  yard,  which  of  course  ignores 
the  work  of  the  teams  that  worked  directly  between 
the  excavation  and  the  backfill.  A  large  portion  of 
this  expense,  amounting  to  10.8  ct.  per  cubic  yard  of 
excavated  material,  or  nearly  10  per  cent  of  the  un- 
usually high  cost  of  all  the  trench  work,  would  not 
obtain  in  a  well  co-ordinated  job. 

Repaying. — The  specifications  for  repaving  con- 
tained what  the  contractor  termed  a  "joker";  for  in 
addition  to  providing  as  usual  that  the  pavement 
where  disturbed  should  be  restored  to  its  original  con- 
dition, it  was  further  provided  "That  no  pavement 
shall  be  laid  on  a  foundation  of  less  than  4  ins.  of 
gravel  or  broken  stone  below  the  original  pavement." 
As  the  pavement  was  oil  macadam  of  substantially 
its  original  thickness  of  5  to  6  ins.,  this  meant  the 
somewhat  unusual  thickness  for  macadam  in  this 
locality  of  from  9  to  10  ins.  Coarse  gravel  being 
cheaper  than  macadam  rock,  the  contractor,  with  the 
consent  of  the  engineer,  innocently  chose  the  former 
for  the  underlying  ballast;  somewhat  to  his  sorrow,. 
however,  for  not  until  it  had  been  plentifully  fed  with 
screenings  did  it  form  a  stable  bed  for  the  macadam 
proper. 

The  sub-grade  was  trimmed  by  hand  to  show  a 
slight  crown  and  vertical  edges  and  compacted  by 
means  of  a  horse  roller,  followed  by  5  and  10-ton 
steam  and  gasoline  rollers.  The  gravel  ballast  was 
delivered  by  rail  in  gondola  cars  on  a  siding  about  Va 
mile  average  haul  from  the  work.  It  was  unloaded  by 
hand  direct  into  bottom  dump  wagons,  deposited  on 
the  subgrade  in  piles,  spread  by  scrapers,  finished 
with  shovels  and  rolled  to  a  level  surface  to  receive 
the   macadam.     The  cost  of  preparing  the  subgrade 
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was  approximately  %  ct.  per  square  foot,  and  of 
spreading  and  finishing  the  ballast  ^2  ct.  per  square 
foot. 

Hauling  of  Material  by  Motor  Truck. — The  bulk  of 
the  macadam  rock  and  screenings  was  delivered  by 
barges  holding  from  250  to  350  cu.  yd.  and  equipped 
with  a  combination  belt-and-bucket  conveying  system 
for  unloading  and  discharging  into  a  small  wharf 
bunker  of  about  15  cu.  yd.  capacity  from  which  5-yd. 
auto  trucks  were  loaded  in  less  than  1  minute.  The 
discharging  capacity  of  the  barge  machinery  was 
about  li.i  cu.  yd.  per  minute.  The  hauling  of  the 
macadam  material  was  conti-acted  at  30  ct.  per  cubic 
yard,  but  some  record  was  kept  of  the  performance 
of  the  trucks  which  may  be  of  interest. 

The  first  barge-load  of  274  cu.  yd.  was  hauled  dur- 
ing one  day  by  three  good  trucks,  two  5-yd.  and  one  4- 
yd.,  averaging  about  three  trips  per  hour.  The  standard 
charges  for  motor-truck  service  were  $25  and  $30  per 
9  hours  work  for  4-yd.  and  5-yd.  trucks,  respectively, 
or  say  69  ct.  per  cubic  yard  capacity  per  hour.  At 
this  rate,  if  the  trucks  had  been  hired  by  the  day, 
and  had  given  the  employer  equally  good  service,  the 
cost  of  the  hauling  would  have  been  23  ct.  per  cubic 
yard. 

The  second  barge-load  was,  owing  to  unavailability 
of  adequate  motor-truck  service  during  the  daytime, 
hauled  between  3:00  p.  m.  and  2:00  a.  m.,  commencing 
with  one  4-yard  truck,  to  which  others  were  added 
from  time  to  time  until  ultimately  three  4-yd.  and  four 
5-yd.  trucks  were  in  commission.  For  the  three  4-yd. 
trucks,  the  total  truck  hours  on  the  job  were  23.33, 
of  which  7.5  were  time  lost  in  intervals  of  1  hour  or 
more  on  account  of  breakdowns  or  necessity  of  the 
drivers,  leaving  the  actual  working  time,  including 
minor  incidental  delays,  15.83  hours  during  which 
they  hauled  132  cu.  yd.  At  the  standard  service  rate 
this  would  represent  a  cost  of  33.4  ct.  per  cubic  yard. 
For  the  four  5-yd.  trucks,  the  total  truck  hours  were 
29.25,  of  which  20  truck  hours  represented  legitimate 
work  during  which  they  hauled  220  cu.  yd.,  which 
would  have  cost  at  the  standard  service  rate  30%,  ct. 
per  Qubic  yard. 

In  addition  to  the  inconvenience  of  working  at 
night,  some  of  these  trucks  were  not  in  the  best  of 
condition,  nor  were  all  the  drivers  e.xpert.  Their  vari- 
able performance  is  indicated  by  the  fact  that  the 
average  times  per  round  trip  for  the  three  4-yd.  trucks 
were  24,  30  and  31  minutes,  and  for  the  four  5-yd. 


trucks,  21,  27,  29  and  32  minutes,  respectively.  The 
haul  of  this  barge-load  averaged  about  1%  miles. 

Macadamizing. — The  macadam  rock  was  for  the 
most  part  dumped  on  the  ballast,  the  truck  moving 
ahead  while  dumping,  adjusting  the  speed  so  as  to 
efi'ect  as  nearly  as  might  be  the  proper  distribution 
of  the  rock  along  the  trench.  Where  the  rock  was 
left  in  piles  it  was  spread  by  means  of  a  fresno  scraper 
and  the  entire  surface  of  the  work  in  place  v/as  fin- 
ished by  laborer  with  shovels  and  potato  hooks.  The 
screenings  were  then  shoveled  over  the  entire  sur- 
face sufficient  almost  to  cover  all  the  rock,  well 
sprinkled  and  rolled  successively  with  a  5-ton  and  a 
10-ton  steam  or  12-ton  gasoline  roller.  Accompany- 
ing the  roller,  a  laborer  spread  additional  screenings 
to  fill  the  principal  surface  voids.  Road  oil  was  then 
applied  to  the  specified  amount  of  %  gal.  per  square 
yard,  on  which  immediately  were  spread  screenings 
and  rolled  to  a  compact  surface,  rescreening  as  re- 
quired to  take  up  all  surplus  oil. 

The  cost  of  spreading  the  macadam  rock  and  screen- 
ings as  aforedescribed  was  42y2  ct.  per  cubic  yard,  or 
nearly  1  ct.  per  square  foot  of  pavement,  with  labor 
at  $2.50  and  team  and  driver  at  $6  per  day  of  eight 
hours. 

The  5-ton  roller  was  rented  at  $7  per  day,  the  en- 
gineer was  paid  $6  and  between  $3  and  $4  per  day 
was  expended  for  fuel.  The  10-ton  roller,  including 
engineei»  and  fuel,  was  rented  at  $2.50  per  hour,  and 
the  12-ton  roller  at  $1.90  per  hour,  including  engineer 
and  fuel.  The  total  cost  of  the  rolling,  including  sub- 
grade  and  oiled  surface,  amounted  to  about  0.6  ct.  per 
square  foot. 

The  oil  was  furnished  and  spread  with  a  standard 
spraying  machine  by  contract  with  a  local  paving 
contractor  at  $2  per  barrel  spread.  (Hot  oil  at  retort 
being  quoted  at  $1.65  per  barrel.) 

Insurance. — The  item  of  employes'  compensation 
insurance  is  a  considerable  one  in  this  class  of  work, 
the  pi-emium  rate  being  high  and  many  companies  re- 
fusing to  take  the  risk  on  deep  sewer  work.  The  man- 
ual rate,  endorsed  by  the  State  Insurance  Fund,  was 
14.03  per  cent  of  the  payroll,  although  the  company 
insuring  the  job  cut  this  rate  to  7.72  per  cent.  Every 
precaution  was  taken  to  avoid  accident  with  the  re- 
sult that  only  one  man  was  injured  sufficiently  to  re- 
quire unusual  attention  or  to  incapacitate  him  for 
work  for  more  than  a  few  hours.  This  man  had  two 
of  his  fingers  crushed  between  a  rising  dump-bucket 


TABLE  II.— summai;y  uf 


Excavation   and   backfill,    19.600   cu.    yd 

By  steam  shovel,  13,000  cu.  vd 

By  teaming.  13,000  cu.   yd 

By  hand.    6,600    cu.    yd 

By  teaming,    6,600   cu.   yd 

Unwatering,   6,600   cu.   yd 

Bracing  and  lagging,   45,000  M.   ft.   B.   M 

BacIfflUing,    82,000    cu.    yd 

Teaming.    82,000   cu.    yd 

Forms,  4,142  lin.  ft 

Making— Std.   sec,  650  lin.  ft 

Handling- Std.    sec,   4,142   lin.    ft 

All  work  on  curve.   31    lin.    ft 

Steel  top  forms,  50  lin.  ft 

Reinforcement,    87.15   ton 

Bars  and  bending,   87.15  ton • 

Placing,  87.15  ton   

Concrete,  3,091  cu.  yd 

Brick   invert   lining,    12,690   sq.    ft 

Vitrified  brick,   50.4S1   M   bricks 

Mortar.   60.481   M   bricks 

Oil  macadam,  390  squares 

Subgrade  and  ballast.   390   cu.    yd 

Macadam  and  screenings,  568  cu.   yd • 

Rolling,    393    squares 

Oiling,   390  squares 

Superintendent,  timekeeper,   engineer  and  miscellaneous 

Compensation   insurance,   8  months 

Totals     
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COST. 

Total 

Material, 

costs , 

* 

tools,  etc. 

Labor. 

Mafl,  etc. 

Labor. 

Comb'd. 
$1,138 

J2,944 

$2,694 

908 

9,052 

?       .226 

$       .207 

,1,188 

.180 

1.370 

679 

214 

543 

j^ 

822 

1.026 

18.27 

22.80 

28 

1,5'31 
581 

.003 

.186 
.071 

.37 

.68 

1.05 

1.400 

422 

2.15 

0.65 

19 

2,135 
264 

.52 
8.52 

117 

2.34 

45.70" 

2,774 

438 

21.70 

5.03 

31 

753 

.35 

8.62 

l(r,625 

4,093 

5.40 

1.32 

6.72 

.122 

.040 

.162 

■     1,278 

501 

25.25 

9.92 

261 

5.15 

5.17 

2.15 

7.72 

310 

478 

.79 

1.22 

1.33S 

363 

1.39 

.38 

232 

.59 

147 

.38 

830 

3.304 

104.00 

413.00 

1.731 

2?i% 

12>4% 

$30,558 

$31,496 
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and  a  trench  timber,  because  he  did  not  let  go  when 
told  to,  necessitating  their  amputation.  However,  out 
of  this  experience  the  insurance  company  figured  a 
"loss  ratio"  of  over  70  per  cent,  and  reported  their  ex- 
perience with  the  risk  "very  unsatisfactory."  Assum- 
ing the  apparent  fact  that  the  proper  proportion  of 
all  the  expense  of  the  company  was  charged  against 
this  risk,  one  is  led  to  envy  the  business  that  looks 
upon  a  net  profit  of  upwards  of  30  per  cent  as  unsat- 
isfactory; and  any  other  assumption  would,  in  view  of 
the  unusually  light  accident  record  of  this  job,  render 
it  inconceivable  that  insurance  companies  could  con- 
tinue to  insure  against  compensation  liability  on 
sewer  work  and  remain  solvent. 

Remarks. — The  contract  for  the  work  was  signed 
March  4,  1914,  and  allowed  180  calendar  days,  or  until 
Sept.  1st,  for  completion.  Excavation  commenced 
March  19th,  and  the  work  was  cleaned  up  and  com- 
pleted Oct.  27,  1914,  a  total  of  time  of  237  calendar 
days,  or  nearly  8  months.  Although  not  more  than  5 
days  were  lost  on  account  of  rain,  the  contractor  was 
not  penalized,  due  consideration  being  given  to  the 
unforeseen  subsurface  conditions  encountered  and  the 
labor  troubles  referred  to  in  discussion  of  the  steam- 
shovel  work. 

Averaged  for  8  months  duration  of  work,  the  gen- 
eral expense,  inclusive  of  overhead,  amounted  to  $104 
for  material,  and  $413  for  labor  per  month,  or  2^:'j  per 
cent  and  12' i;  per  cent  of  the  respective  net  totals  ex- 
cluding insurance.  The  fact  that  this  total  general 
expense  amounted  to  ISVi  per  cent  of  the  actual  cost 
of  material  and  labor  is  interesting  in  view  of  the 
engineer's  interpretation  of  the  contract  provision 
that  extra  work  should  be  paid  for  at  "actual  cost  as 
estimated  by  the  City  Engineer"  (making  no  allow- 
ance for  the  use  of  tools,  plant  or  general  superin- 
tendence) "plus  15  per  cent  for  profit."  Under  the 
engineer's  interpretation  the  contractor  was  not  per- 
mitted to  apportion  any  of  the  time  of  the  superin- 
tendent, timekeeper,  or  other  miscellaneous  expense, 
to  e.xtra  work.  It  is  a  not  uncommon  notion  of  en- 
gineers and  architects  that  a  15  per  cent,  or  even  a  10 
per  cent,  allowance,  over  and  above  actual  cost  of 
labor  and  material,  is  ample  to  cover  general  expense 
and  profit  on  extra  work.  As  a  rule  extra  work  im- 
poses on  the  contractor  trouble  and  expense  out  of 
proportion  to  the  average  for  the  job  and  the  fact 
cannot  be  too  clearly  impressed  upon  the  minds  of 
engineers  and  architects  that  it  'is  this  general  annoy- 
ance and  expense  that  entitles  him  to  a  fair,  clear 
profit  over  all  estimable  items  of  expense  entering  into 
the  work. 


Garbage  Disposal  by  Incineration, 

Reduction  and  Feeding 

to  Swine 

Important  facts  concerning  garbage  disposal  meth- 
ods.and  costs  in  various  cities  are  given  in  a  recent 
report  prepared  by  the  Springfield  Bureau  of  Munici- 
pal Research  of  Springfield,  Mass.  The  main  features 
of  the  report  regarding  the  various  methods  of  dis- 
posing of  garbage  follow: 

Incineration. 

Fuel  Used  in  Incineration. — By  incineration  is  meant 
the  disposal  of  garbage  by  burning.  The  fuel  may  be 
only  the  garbage  and  other  refuse,  or  it  may  be  coal, 
wood  or  other  fuel,  depending  upon  the  proportion  and 
character  of  the  refuse  to  be  burned.  The  classes  of 
refuse  disposed  of  in  incinerators  and  the  amount 
of  fuel  required  were  as  follows  in  1915  for  the  cities 
named: 


City. 
San  PYancisco,  Cal. — 

Gait  age.   rubbish,  ashes, 

manure    229 

Cairo.    111.— 

Garbage    24 

Fort  Wayne.  Ind. — 

Garbage,   small  animals.  33.4 
Paterson.   N.  J. — 

Ashes,  garbage,  rubbish  23 
Trenton,   N.  J. — 

Anything    combustible. .   50 
Wilmington,   N.   C. — 

Garbage,    rubbish,    dead 

animals    3 

T'ortland,   Ore. — 

Garliage,    manure,    rub- 

123 


Av.  amount  burned  per  day. 
Rub- 
s,  bish,     Other 


G^r- 
bage, 
tons 


Amount  fuel 
used  per  year. 
Amt.       Cost. 


Eli 


Pa. 


24» 


rubbish 
Richmond,  Va. — 
Gai  base,    combust  i  b  1  e 
matter  (2  plants) ; 

3.5 
35 
.SpoUane.   Wash. — 
Garbage,    rubbish,    ma- 
nure     9.71 

A\'hecling.  W.  Va. — 

Garbage    20 

I.ondcn.  Ont. — 

Garba.50.  ashes    20-50 

Montreal.   Que ll'i 

.\roo.«.:   .Taw,  SasK-.— 

i::.!laso,    manure 19.2 

'Manure   31   tons.     =18   cd. 


S720 

2,824 

108 

750 


'M; 


720 
1,200 


wd.'    '6   tons   and   44   cords. 


Ill 


4',    tons.      "None,     'Includes    rubbish.      'Small    animals, 
nimals     'Small  animals.     »".\Ianure^nd  small  animals  0.72 


lons.  ""5  million  cu. 
rest  of  year.  ^^Xone 
tons.     »Xone.     I'Cds. 


ft.  ?as.     i=.A.shes  durhped   in  winter,  burned 
'Includes  "all  refuse.     "Manure,   etc.,  22.5 


Thus,  9  out  of  the  14  cities  listed  use  other  fuel  in 
addition  to  the  garbage  and  other  refuse. 

Cost  of  Construction. — The  cost  of  construction 
varies,  according  to  one  report  from  $600  to  $1,000  per 
ton  capacity.  The  Worcester  Commission  reports  that 
"the  cost  per  ton  daily  capacity  varies  from  $230  to 
$1,000,  the  average  being  between  $600  and  $700."  The 
cost  in  a  number  of  cities  was  as  follows: 


City. 


Designer   or   builder. 


Berkeley,    Cal Sterling    

Oakland.    Cal Decarie 

Fort   Wayne,   Ind Dixon 

South   Bend.   Ind Dixon  

Terre  Haute.   Ind 

Covington.   Ky 

Grand   Rapids.   Mich Angle  Imp.'  No!  S.'.'.' 

Duluth.   Minn Decarie 

Minneapolis,   Minn 

Paterson,    N".    J Destructor '  Co.  "."  '• 

Wilmingtcn,    r\.    C Decarie 

Portland.    Ore     Smith 

Allentown,   Pa Dixon   '.".".V.'.'.'. 

Erie,    Pa     .  Morse-Boulger   

Richmond.   Va.,   No.    1 Decarie 

Richmond,   Va.,   No.   2 '. Morse-Boulger 

Spokane.  Wash Decarie 

Wheeling,   W^^ Va. Decarie  '.'.'.'.'.'.'.'.'.['.' 

Milwaukee,    Wis 

London,   Ont '.Heenan '  &'  Fi-oude'.' 

Montreal.   Que Thackeray   

Moose    Jaw,    Sask Heenan  &  Froude. . 


Average  for  22  plants. 
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25 

5C-75 
100 
100 


150 
25-30 
100 


120 
BO 
300 


Construction 

Construction  cost 

cost. 

per  ton  capacity. 

$61,500 

$1,230 

CO.OOO 

600 

15,000 

375 

6.800 

272 

15,000 

200 

25,000 

250 

14,656 

147 

35,000 

1,400 

50,000 

333 

80,000 

1,333 

35,000 

875 

99,900 

660 

14,700 

420 

27.000 

270 

40.000 

800 

12,000 

240 

90,000 

750 

3R,000 

700 

210,000 

700 

39.750 

795 

41,000 

273 

31,811 

636 
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Cost  of  Operation. — The  reports  of  charges  for  op- 
eration and  maintenance  were  given  for  the  following 
cities: 


Re- 


Sup- 
plies. 


Sal- 

Re- 

new- 

except 

aries. 

pairs. 

als. 

fuel. 

Fuel. 

$.f,680 

$    157 

,■{183 

?    325 

$2,824 

7.060 

1,849 

510 

•    108 

13,805 

1,3D0 

24S 

3,880 

40 

■Mm 

50 

l.GCo 

2,250 

350 

100 

1,000 

3.000 

2,05C 

3.165 

45 

720 

3,540 

800 

150 

1,200 

9,096 

600 

500 

11.951 

2,174 

Citv.  Total. 

Ft.     Wayne.    Ind $7,150 

Paterson,   N.   J 9,527 

Portland,    Ore 15,383 

Erie,   Pa 5,835 

Richmond  Va.,  No.  1..  3,700 
Richmond.    Va..   No.   2..     5,050 

Spokane,  Wash 3,930 

WTieeling-,    W.    Va 5,6S0 

London,    Ont 10,590 

Montreal,   Que 23.445 

Moose    Jaw,    Sask 14,106 

Milwaukee.    Wis 68,892 

Minneapolis,     Minn 43,000* 

•Approximately. 

The  Ohio  State  Board  of  Health  reported  the  follow- 
ing costs  including  interest,  depreciation,  maintenance 
and  repair  charges,  for  the  cities  named  for  a  period 
of  years: 

Per  ten. 

Canton    SI. 97  to  $2.50 

Marion 2.00  to    2.66 

Steubenville    1.00  to    1.S4 

Zanesville   2. 58 

J.  W.  Turrentine,  of  the  U.  S.  Department  of  Agri- 
culture, reports  the  average  net  cost  of  incineration 
per  ton  for  a  number  of  cities  as  $2.11. 

Venable  gives  the  operation  expenses  as  about  50 
ct.  per  ton  of  kitchen  garbage  destroyed  and  nothing 
to  $1.00  per  ton  for  maintenance. 

From  the  facts  available  it  appears  that  the  lowest 
probable  cost  of  disposal  of  garbage  by  incineration  is 
$1.59  per  ton. 

Revenue  from  Incinerator. — The  products  of  the  dis- 
posal of  garbage  in  destructors  are  steam  and  clinker. 
The  following  are  the  earnings  of  incinerating  plants 
reported  from  Milwaukee  and  Minneapolis: 


reduction     plants 
manner,     without 


Citv.  Amount. 

Milw  aukee    $10,000 

Minneajxilis     27,000 


Use. 

Operates  pumping:  station. 

Heats    buildings,    lights 

buildings  and  streets. 


As  to  the  utilization  of  the  heat  from  incinerators 
for  the  development  of  power,  the  Chicago  Waste  Com- 
mission states  that  it  has  not  been  easy  to  work  out 
an  economical  arrangement  for  the  use  of  steam  from 
incinerating  plants  because  of  the  infrequency  with 
which  the  period  of  need  of  steam  by  a  plant  will  co- 
incide with  the  period  of  operation  of  the  incinerator. 
It  is  difficult  to  have  the  incinerator  produce  steam 
power  during  the  hours  that  it  is  needed  by  the  plant 
that  is  to  use  it,  and  vice  versa.  The  installation 
should  be  so  arranged  that  this  source  of  power  may 
be  used  to  supplement  other  sources  of  power.  This 
is  done  in  Montreal,  where  the  refuse  destructor  is 
used  in  connection  with  a  municipal  electric  light 
plant.  The  destructor  is  operated  only  at  night  when 
additional  power  is  required  by  the  light  plant  be- 
cause of  the  lighting  load  then  in  demand. 

Minneapolis  uses  the  steam  generated  to  light  and 
heat  its  hospital  and  workhouse  buildings,  and  to  light 
31  miles  of  streets. 

Savannah  is  reported  as  saving  96  per  cent  of  the 
coal  fuel  formerly  used  at  the  pumping  station,  now 
providing  the  power  from  the  destructor  and  using 
the  clinker  in  road  building. 

Sanitary  Aspects. — Incineration  of  garbage  is  sani- 
tary- and  where  properly  conducted,  permits  of  the  dis- 
posal of  garbage  without  odors.  Thus,  of  the  13  cities 
disposing  of  their  garbage  by  incineration,  12  re- 
ported no  odors  and  one  made  no  report.  This  free- 
dom from  odor  and  other  insanitary  features  makes 
it  possible  to  locate  incinerating  plants  in  the  central 
part  of  a  city  and  decrease  the  length  and  cost  of 
haul.  Since  different  kinds  of  refuse  can  be  disposed 
of  at  the  same  time,  they  can  all  be  collected  at  the  .  -iSay^fon 
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same  time  and  thus  save  the  added  expense  of  separate 

collections. 

Reduction. 

Sanitary     Aspects. — In     theory 
should  be  operated  in  a  sanitary 
creating  a  nuisance   and  without   carrying   offensive 
odors.     In  practice  they  are  not  so  operated. 

In  the  New  York  State  report  the  following  replies 
were  obtained  from  cities  disposing  of  garbage  by 
reduction  to  the  question  as  to  whether  odors  came 
from  their  plants: 

No    New  Bedford. 

Yes   Schenectady-Pittsburgh. 

.Slight    Columbus-Dayton. 

Occasionally St.    Louis-Bridgeport. 

Very    little Utica-Cleveland. 

.\t  times Syracuse. 

Much   San  Francisco. 

Some    Springfield. 

40  miles  away Washington. 

Xo   reply New  York.  Rochester.  Cincinnati,  Detroit,  Bal- 
timore,   Boston.    Newark,    Indianapolis. 

Thus,  of  the  21  cities,  8  did  not  report  as  to  odors, 
10  reported  the  presence  of  odors  to  a  greater  or  less 
degree,  1  did  not  state  whether  there  were  odors  or 
not  but  did  state  that  the  disposal  plant  was  40  miles 
away  from  the  city,  and  1  city  reported  no  odors 
though  officials  from  the  city  of  Springfield  visited  the 
plant  of  this  city  and  noted  the  odors  coming  from  it. 
Four  of  the  cities  named  above  operate  their  own 
plants  and  all  of  them  report  odors.  Thus,  the  fact 
of  private  or  public  ownership  and  operation  does  not 
appear  to  affect  the  nuisance. 

That  it  is  the  expectation  that  reduction  plants 
will  cause  offense  and  complaints  is  evident  from  the 
location  of  the  plants  with  respect  to  the  city,  as 
follows: 

Distance  of  plant 

from  center  of 

city. 

3  miles 

40  miles 

8  ntlles 

4%  miles 

About    6    miles 


Name   of   city. 

Berkeley.   Cal.    . . 
Washington,    D. 
Cleveland,    Ohio 
Columbus.    Ohio 
Dayton.    Ohio    . . 


Cost  of  Construction. — The  cost  of  construction  of 
reduction  plants  in  cities  for  which  the  information  is 
available  was  as  follows: 


City. 

Los  Angeles,  Cal. 

Chicago.    Ill 

St.  Louis,  Mo.. . . 
Cleveland,  Ohio  . 
i^chenectady.  N.  T 
Columbus.  Ohio  . 
Dayton,    Ohio    . . . 


Capacity, 

Cost    of 

Cost 

tons  in 

construction 

per 

24  hours. 

and   extensions. 

ton. 

300 

$100,000 

$    333 

800 

725,000 

906 

400 

300.000 

750 

20-25 

110.000 

4,400 

200 

272.000 

1,360 

160 

236.000 

1,475 

£■0 

55,000 

1.100 

According  to  the  New  York  State  report  the  cost  of 
construction  varies  from  $1,500  to  $3,000  per  daily  ton 
capacity. 

The  average  cost  of  construction  per  daily  ton  ca- 
pacity is  $287  for  these  cities,  excepting  Schenectady, 
where  the  cost  was  reported  to  be  $4,400. 

Cost  of  Operation. — One  authority,  Parsons,  places 
the  cost  of  reduction  at  $1.80  to  $2.00  per  ton  of  garb- 
age ;  Turrentine  at  $2.41 ;  the  New  York  State  report 
at  $1.50  to  $2.50.  In  Columbus,  Ohio,  the  cost  per  ton 
of  garbage  was  as  follows  for  the  years  indicated: 


Year.  Cost. 

1911 $1,852 

1912 2.050 

1913 1.910 


Year.  Cost. 

1914 51.859 

1915 1.940 

1916 2.215 


In  Dayton,  the  cost  per  ton  was  $1.89  in  1916.  Under 
normal  conditions  it  would  appear  that  the  minimum 
cost  of  reduction  per  ton  of  garbage  should  be  placed 
at  $2.00. 

Revenue  from  Reduction. — Adequate  data  concern- 
ing receipts  and  expenditures  of  reduction  plants  are 
available  for  three  cities  only: 

Citv.  Expenditures. 

Columbus     $  48.423 

Cleveland    153,084 

30.938 


Receipts. 

Proflt. 

$  88,564 

$40,140 

224,725 

71.641 

41,200 

io.a«2 

September  12,  1917. 


ENGINEERING  AND   CONTRACTING 


213 


The  city  of  Cleveland  reports  a  profit  of  |1. 491/2  per 
ton  of  garbage.  The  profit  for  Columbus  in  1916  was 
$1,836  per  ton,  while  that  from  Dayton's  new  plant 
is  $0.63.  The  annual  profit  per  ton  of  garbage  in  Co- 
lumbus for  each  of  the  last  six  years  was : 


ACTUAL,  PRODUCTION. 
(Receipts    corrected    from    inventories.) 


Yean 
1911.. 
1912.. 


Profit  per  ton. 
...    $1.50 
. ..      1.24 


1914. 
191.5. 
1910. 


Total  profit. 
$26,230 
23.224 
17,239 
26,501 
10.910 
40,140 


Those  in  charge  of  the  Columbus  plant  have  esti- 
mated their  annual  interest  and  depreciation  charge 
at  6.92  per  cent  or  $21,271.  To  get  a  true  idea  of  the 
relation  between  revenue  and  cost  of  reduction,  these 
items  should  be  taken  into  account. 


Year.  Profit. 

1911 $  26,239 

1912 23,224 

1013 17,239 

1914 26.5'01 

1915 10,910 

1916 40,140 


Interest 

and  deprecia- 

tion charges. 

Net  profit. 

$  21,271 

■    $  4,967 

21,271 

1,9C3 

21,271 

21.271 

5,229 

21,271 

21,271 

18,069 

$127,631 

$16,625 

$  4,032 

io.'sGi 


Total    $144.23 

It  is  assumed  that  the  depreciation  charges  were  the 
same  for  each  year  since  data  are  not  available  show- 
ing when  additions  may  have  been  made.  The  charge 
of  $21,271  was  as  of  1914  and  so  does  not  include  ad- 
ditions made  since  then.  So  that  the  inclusion  of  de- 
preciation and  interest  charges  for  items  not  pur- 
chased in  the  early  years  should  very  nearly  be  coun- 
terbalanced by  the  omission  of  items  purchased  after 
1914.  The  net  profit  for  the  six  years  is  $16,625,  an 
average  of  $2,771  per  year. 

The  revenue  of  Cleveland  per  ton  of  garbage  was 
given  as  $4,695,  that  of  Columbus  as  $4,051  and  that 
of  Dayton,  $2,522.  Without  doubt  the  amounts  for 
Cleveland  and  Columbus  are  large  because  of  the  pre- 
vailing high  prices.  The  revenue  from  Dayton  is 
small  probably  because  the  plant  has  recently  begun 
operations.  It  will  be  long,  however,  before  prices 
drop  to  their  former  amounts. 

Reduction  in  Columbus,  Ohio. — Because  the  Colum- 
bus plant  has  been  so  successful,  the  following  data 
have  been  taken  from  the  annual  report  of  the  dis- 
posal plant: 

ACTU.VL  COST   OF  OPERATION. 


1916. 

Supervision    ; $5,201 

Clerk  hire   

Foremen    

Foremen    included   in   super- 
vision  of   1915. 

Firemen     2.638 

Operators     4,592 

Ordinary  labor   11,223 

Office  supplies    

Fuel    7,921 

Clothing    

Mechanical  supplies   1,212 

Motor  vehicle   

Chemical  supplies    2,4S5 

Other  supplies    

Traveling-  expense    

Telephone  and  telegraph 

-Advertising    

Insurance     

Taxes   and    rent 

Light    and    power 1,364 

Other  service    298 

Maintenance  buildings    

Maintenance  railway    tracks 

Maintenance  equip.,    latvor 2,455 

Maintenance  equip.,     material..     4,5S9 

Maintenance  motor    vehicle 

Other   maintenance    

Office;  expenses    316 

Transportation    501 

Miscellaneous    550 


For  the  year 


1916. 

$3,000 

656 

2,349 


2,970 
4,24S 
13,123 


795 

256 

3,063 

493 


2,059 

3,655 

161 


Per  ton  , 
1915. 
$0,227 


.306 
.053 

.'io's 


rarbage 

1916. 

$0,137 

.030 

.107 


.COO 
.007 
.418 
.003 
.036 
.012 
.140 
.023 
.000 
.003 
.001 
.009 
.003 
.077 
.014 
.000 
.001 
.094 


.014 
.022 
.024 


1915. 

Grease  (lbs.)  ' 1,014.572 

Tankage  (lbs.)    4,500.140 

Hides   (No.)    220 

Grease   (value)    $3,5.048.57 

Tankage    (value)    16,081.86 

Hides   (value)    1,233.56 

$55,363.99 


For  the  year 


Cost 


Items. 


Buildings — 

Reduction  building,  green  gar- 
den building,  gasoline  storage, 
office  and  one-half  of  stable..   $71,177 

Percolator  building   10,218 

Brick   chimney    4,600 

•  Digestors.  roller  presses,  grc-ase 
separating  and  storage  tanks, 
hot     weil,     screw     press,     liquor 

storage   tank    "6,61j 

Receiving    hoppers,    jet    condens- 

er.s    1.000 

Dryers  and  equipment 12,650 

Evaporators    9,400 

Boilers  and   stokers 7,615 

Conveyors  and  elevators 12,556 

Percolator,  vaporizing  tanks,  con- 
denser           6,030 

Gasoline   storage   tanks 1,045 

Reinforced      concrete      condenser 

tank    946 

Motors   and   switchboard 2,903 

Boiler   feed    pumps 574 

.Steel  boiler  flue 373 

Ooen  feed   water  heater 944 

Water    supply    pump 1,317 

Air  displacement  pumping  equip- 


Pipe   lines    5,852 

Oil   storage   tanks 172 

Railroad    track   scales 9S7 

Railroad    track    trestles 5,182 

Miscellaneous  new  equipment  pur- 
chased from  operating  fund: 

In    1911 4,516 

1912 1,426 

1913 734 

1914 1.41G 


Total   and  averages 

Engineering  and  miscellaneous. 


3% 


6% 
12% 


8% 
8% 


6% 
6% 


4.98 


$64,771 
9,605 
3,910 


25,631 

550 
8,855 
4,112 
4,759 
8,789 

4,522 


927 
2,467 
444 
233 
500 
300 

1,000 

4,535 

120 

764 

4,024 


3,462 
1,189 


$15'S,484 
25,265 


$183,749 


$236,880 

*Not  used  any  more.  Value  based  on  what  could  be  secured 
for  them  if  sold  as  second-hand  machinery. 

.Vnnual  charge  for  depreciation  at  4.98  per  cent $11,796 

.Vnnual  charges  for  interest  on  bonds  at  4  per  cent 9,475 

Total    fixed   charges   at   8.98    per  cent $21,271 

Municipal  vs.  Private  Operation  of  Reduction 
Plants. — The  majority  of  reduction  plants  are  owned 
and  operated  privately  and  dispose  of  garbage  under 
contract  with  the  city.  The  arrangement  in  22  cities 
was  as  follows  in  1916: 

. Private ^ 


Municipal — ■ 
Schenectady 
Columbus 
Cleveland 
Dayton 
Chicago 


Total    $44,453         $48,423         $1,940         $2,215 
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New  York  Rochester 

S^Tacuse  Utica 

Cincinnati  Detroit 

Washington  St.   Louis 

Baltimore  Bridgeport 

Pittsburgh  Boston 

New  Bedford  Newark 

.San  Francisco  Los  Angeles 
Indianapolis 

Only  two  cities  that  dispose  of  their  garbage  under 
contract  with  a  concern  employing  the  reduction 
method  report  any  revenue  in  return  for  the  privilege. 
These  cities  are  Los  Angeles  and  New  York.  The  re- 
duction company  in  Los  Angeles  pays  the  city  $0.51 
per  ton.  New  York  receives  $112,500  a  year.  It  is  to 
be  noted  that  Los  Angeles  also  reports  that  it  re- 
ceived $1.00  per  ton  from  farmers  for  garbage  de- 
livered for  feeding  to  hogs. 

Feeding  to  Swine. 
Cities  Using  This  Method. — According  to  the  New 
York  report,  34  out  of  112  cities  were  employing  this 
method  in  1915.  According  to  the  Municipal  Journal 
the  following  cities  of  from  100,000  to  300,000  popula- 
tion employ  the  methods  named: 

Feeding  to  pigs.  ..  ..Vlhany,     Cambridge,     Denver,     Grand     Rapids, 
Hartford,  Providence. 

Reduction Bridgeport,    Columbus,    Dayton,    Indianapolis, 

■     Rochester. 
Incineration    . . . .  ...Pottland.  Ore. ;  Reading,  Trenton,  Faterson. 

Dumping  at  Bea. . ;  .Oakland,  Cal. 
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Turning  Garbage  Over  to  Private  Pig  Farms. — A 

city  may  turn  its  garbage  over  to  farmers — for  noth- 
ing or  for  a  remuneration — to  feed  to  pigs,  or  it  may 
operate  its  own  pig  farm.  The  majority  of  cities 
feeding  their  garbage  to  pigs  do  so  under  the  former 
arrangement.  A  few  cities,  including  Worcester, 
Taunton,  Brockton  and  New  Haven,  operate  their  own 
hog  farms. 

Revenue  from  Turning  Garbage  Over  to  Private 
Farms. — Many  cities  not  only  dispose  of  their  garbage 
at  no  cost  by  the  use  of  this  method  but  also  make  it 
the  source  of  a  large  amount  of  revenue.  The  fol- 
lowing receipts  are  reported  for  the  cities  named: 

Graod  Rapids,  Mich 45  ct.  per  ton $1,450 

Denver,  Colo Gets  its  collection  and  disposal  for 

nothing-. 

Cambridge.  Mass 70  ct.   per  cd.   ft 17,382 

Colorado  Springs,  Colo.. Gets  its  collection  and  disposal  for 

nothing,  and   1.440 

Ralem,    Mass *2,6ol 

Somerville,  M<iss '.0  ct.  per  ed.  ft 

Lawrence,  Mass $1.25    per    load to. 865 

Lowell.  Mass $1.25    per    load 6,405 

St.  Paul,  Minn 80  ct.  per  ton 

Los  Angeles,  Cal $1  per  ton 

Springfield.    Mass Average   per  year,  190T-U)11 4,262 

*.$13.2o-5  in  3  yrs.     tEstimated. 

Many  cities  receive  no  revenue  from  garbage  so  dis- 
posed, of.  Thus,  the  revenue  from  this  method  of  dis- 
posal varies  from  nothing  in  many  cities  to  $17,400  in 
Cambridge.  However,  Denver,  with  a  population  of 
265,000,  has  its  21,600  tons  of  garbage  collected  as 
well  as  disposed  of  by  a  hog  growers'  association ;  and 
Colorado  Springs  has  its  garbage  collected  and  dis- 
posed of  by  hog  growers  and  receives  in  addition  $1,- 
440.  Assuming  that  the  cost  of  collection  in  these 
cities  was  $0.30  per  capita,  which  was  two-thirds  the 
per  capita  cost  of  collection  reported  in  1915  by  59 
cities,  the  city  of  Denver  saved  $64,500  in  1916  and 
Colorado  Springs  saved  $9,600  plus  the  $1,440  actually 
received. 

Feeding  Garbage  on  Municipal  Hog  Farms. — Wor- 
cester, Brockton  and  New  Haven  are  among  the  cities 
that  operate  farms  where  they  feed  city  garbage  to 
pigs. 

New  Haven  reports  that  during  1916  the  department 
of  streets  fed  to  pigs  the  garbage  collected  from  52,100 
of  the  population.  $16,000  was  received  from  the  sale 
of  pork. 

Brockton  paid  $29,952  for  the  collection  of  its  garb- 
age and  the  operation  of  its  pig  farm.  It  received  $15,- 
761  from  the  sale  of  swine  and  of  garbage.  Thus,  it 
both  collected  and  disposed  of  its  garbage  at  a  cost  to 
the  city  of  $7,191. 

From  Dec.  1,  1916,  to  May  31,  1917,  the  city  of 
Worcester  has  disposed  of  its  garbage  at  an  appi'oxi- 
mate  cost  of  $7,500  and  has  received  over  $21,000. 
These  figures  were  given  by  the  superintendent  in 
charge  of  the  hog  farm.  He  also  estimated  that  dur- 
ing the  year  beginning  Dec.  1,  1916,  the  city  will  spend 
$15,000  on  account  of  the  pig  farm  and  receive  $50,000 
from  the  sale  of  products,  thus  making  a  profit  of 
$35,000  on  the  disposal  of  garbage. 

Initial  Investment. — The  probable  cost  of  establish- 
ing today  a  piggery  similar  to  that  at  Worcester  was 
given  as  follows  by  Dr.  Frederick  Bonnett.  Jr.,  of  the 
Worcester  Polytechnic  Institute: 

Sto'cU $  49,700 


establishing  a  hog  farm  to  handle  an  average  daily 
production  of  50  tons : 

ngs     $  25,000 

Buildings   and   other  structures 110,000 

Engineering    and    contingencies 25,000 

Land    30,000 


$10!i,700 

This  means  that  an  investment  of  $5,485  per  daily 
ton  would  be  required  to  establish  the  plant  capable 
of  disposing  of  a  daily  production  of  20  tons.  This 
does  not  include  the  cost  of  land  which  should  run 
from  $5,000  to  $10,000. 

S.  A.  Greeley,  a  sanitary  engineer,  of  Chicago,  111., 
submitted  in  1916  the  following  estimate  of  cost  of 


$190,000 

Cost  of  Operation. — The  cost  of  operation  per  year 
was  estimated  as  follows  for  Worcester: 

Lal5or    $  5.760 

Grain  and  bedding 2,640 

Medicine    and    disinfectants 5,040 

Miscellaneous    1,000 

Administration    2,500 


Total     $15,000 

At  this  rate  to  dispose  of  an  average  of  20  tons  per 
day  or  7,300  tons  per  year,  the  cost  per  ton  of  garbage 
would  be  $2.65.  The  cost  reported  by  Greeley  was  at 
the  rate  of  $1.98  per  ton. 

Revenue  from  Feeding. — The  revenue  from  the  Wor- 
cester Pig  Farm  is  estimated  at  $50,000  for  1916.  This 
is  at  the  rate  of  $6.85  per  ton  of  garbage. 

Greeley  estimated  the  yearly  revenue  from  a  60-ton 
per  day  plant  at  $80,000.  This  would  make  the  reve- 
nue per  year  per  ton  of  garbage  $3.65. 

The  revenue  at  Worcester  is  estimated  on  the  basis 
of  present  prices;  that  by  Greeley  on  prices  last  year. 
A  fair  estimate  should  be  $3.75  per  ton. 


Electrically  Operated  Pumping 
Plant  of  Joliet 

The  city  of  Joliet,  111.,  draws  its  water  supply  from 
wells  sunk  at  seven  different  places.  Pumping  plants 
at  each  well  feed  a  central  plant  which  maintains  the 
pressure  in  the  mains  and  provides  higher  pressure  in 
case  of  fire. 

At  the  Ruby  St.  station  a  frame  building  houses 
equipment  whose  capacity  is  1,500,000  gal.  per  day. 
An  Ingersoll-Rand  compressor,  17  in.  by  10  in.  by  16 
in.    belted    to    a    Westinghouse    100  h.  p.,  690  r.p.m. 


Ruby   street  Pumping   Plant.     Foreground:   Triplex   Pump.     Back- 

ground:   Air  Compressor.     Insert:   Control   Apparatus   in   Joliet 

Plant.      Oil     Circuit     Breakers    With     Overload     Trip,     and 

Watthour    Meter    Mounted    on    Panels      Below: 

Controllers   for    Motors. 

wound-rotor  induction  motor,  furnishes  air  to  lift  the 
water  to  the  surface,  after  which  it  is  forced  into  the 
pipe  lines  by  a  Goulds  triplex  plunger-pump  belted  to 
a  175  h.  p.,  Westinghouse  motor  of  the  same  type. 
Power  is  furnished  at  2,400  volts,  3  phase,  60  cycles. 
This  plant  has  been  in  operation  for  about  seven 
months.  Its  only  shut-downs  have  been  for  one  hour 
daily  for  oiling. 
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A  Page  from  Recent  Waterworks 
Reports. 

Cost    of    Plumbing    Inspection    at    Chicago. — The 

Plumbing  Inspection  Section  of  the  Water  Pipe  Exten- 
sion Division  of  the  Department  of  Public  Works  of 
Chicago,  has  charge  of  the  inspection  of  all  service 
pipe  installation,  investigation  of  complaints,  inspec- 
tion of  service  pipes  on  streets  about  to  be  paved  and 
other  special  investigations  as  required.  The  follow- 
ing table  shows  the  number  of  inspections  made  in 
1916  and  the  cost: 

Number  of  Av. 

Ciiaracter  of  Inspections.                             inspections.  Cost.  Cost. 

New  service  pipes    (scattered) 5.0S9  $7,176  $1.41 

New    service  pipes   (private  contract) S,8S8  5,272  .53 

Retappins-    3,02S  3,S87  1.2S 

Large    service   applications 249  1.677  6.72 

Large    service    installations 240  1,521  6.33 

Defective  and  abandoned  oipes 1,031  3,217  3.12 

Meters     7,089  12,499  1.76 

Recording   gauges    967 

Drinking  fountains    546  1,677  3.07 

Inspections,    account    paving 4.454 

Flu.'^hing    mains    ....  1.248  ... 

Supervising  plumbing   work 4,758 

Complaints     7,12S  9.594  1.34 

Inspection  account  sidewalk  construction..   1,328  1.747  1.31 

Inspeciion   of  cross   connections 6;J2  2.fT14  4.13 

Inspection  of  Are  reports  and  shittofts ■    ...  897 

Loa-ned   to  Sanitary  Department 780 

Total    $63,987 


Eleven  Years'  Operating  Results  of  Filter  Plant. — 

The  filtration  plant  of  Harrisburg,  Pa.,  has  been  in 
continuous  operation  since  its  completion  in  October, 
1905.  The  following  table  shows  the  average  turbid- 
ity, coagulants,  length  of  runs  and  percentage  of  wash 
water  during  this  period: 


Year. 

1906.. 
1907.. 
1905.. 
1909.. 
1910.. 
1911.. 
1912. . 
1913.. 
1914. . 
1915. . 
1916. . 


Sulphate  Calcium 

of 

hypo- 

Turbidit.!. 

alumina 

chlorite 

Length 

Wash 

parts  per 

grs. 

grs. 

of  runs. 

water 

million. 

per  eal. 

per  gal. 

Hrs.  Min. 

Pet. 

.      101. 

.95 

18-20 

2.0 

76. 

1.05 

12-20 

2.6 

52. 

1.09 

13-29 

2.6 

.      -42. 

.84 

.025 

14-22 

2.4 

IJ. 

.61 

.063 

lS-40 

2.2 

32. 

.95 

.070 

23-07 

2.3 

.59. 

77 

.067 

21-54 

2.3 

56. 

7^' 

.069 

17-26 

2.9 

33. 

5  J 

.056 

20-17 

2  fl 

85. 

.69 

.064 

17-41 

3.2 

Average 56.  .81  .057  16-11  2.6 

The  method  of  operating  was  as  follows:  The  water 
is  pumped  to  the  settling  basin,  capacity  4,000,000  gal- 
flows  by  gravity  to  the  secondary  or  coagulation 
basins,  capacity  334,000  gal.  and  then  flows  by  gravity 
to  the  12  filters  which  are  of  the  American  gravity 
type.  The  filtered  water  is  pumped  to  the  storage 
reservoir,  which  has  a  capacity  of  26,000,000  gal.  and 


is  uncovered,  and  is  distributed  by  gravity.  A  small 
amount  of  this  water  is  also  pumped  to  supply  the  ex- 
treme high  elevations.  In  the  operation  of  the  filter 
plant  a  coagulant,  sulphate  of  alumina,  is  used.  This 
is  applied  to  the  water  as  it  enters  the  coagulation 
basin,  and  at  time  an  additional  amount  is  added  to 
the  water  as  it  enters  the  settling  basin. 


Estimated  Runoff  from  Snow  Survey  and  Actual 
Runoff. — Each  year  the  engineer  of  water  supply  of 
Salt  Lake  City,  Utah,  makes  a  snow  survey  of  the  Big 
Cottonwood  watershed  from  which  a  part  of  the  supply 
of  the  city  is  obtained.  This  work  last  year  was  be- 
gun on  April  17  and  continued  fo^  6  days.  In  the 
upper  part  of  the  watershed  where  the  snow  ranged 
from  8  to  12  ft.  it  was  very  difficult  to  make  density 
determination,  as  the  tubes  were  only  74  in.  long.  This 
required  that  the  snow  be  dug  out  with  a  shovel  from 
2  to  6  ft.  in  order  to  get  the  tube  to  the  bottom.  At 
these  depths  a  very  hard  layer  of  snow  was  encoun- 
tered from  4  to  6  ft.  below  the  top  which  could  hardly 
be  penetrated  with  the  tubes.  The  snow  was  found 
well  packed  and  very  much  drifted.  In  all  90  density 
measurements  and  about  300  measurements  for  depth 
were  made.  The  average  snow  depth  was  56.7  in.,  and 
the  average  water  equivalent  was  24.69  in. ;  the  aver- 
age density  was  41.8.  The  following  table  shows  the 
actual  total  discharge  in  acre  feet  for  the  total  water- 
shed of  48.5  square  miles  as  measured-  at  city  weir, 
compared  with  acre  feet,  as  shown  by  snow  survey, 
for  months  of  May  to  September,  inclusive. 

Acre  Feet  Acre  Feet  Per  Cent 

Measured  at  Snow  Actual 

Weir.  Survey.  Discharge. 

i9I2     52,458  55.561    ■  94 

1913     36,098  31,705  114 

1914     48,500  39,674  122 

1915     29,380  24,663  119 

1916     •40.729  42,682  95 

'Includes  809  acre  feet  in  storage  Oct.  1,  1816. 


Operating  Costs  of  Slow-Sand  Filtration  Plant  of 
District  of  Columbia. — Operating  results  of  the  puri- 
fication plant  of  the  District  of  Columbia  for  fiscal 
year  ending  .June  30,  1916,  were  very  satisfactory. 
The  average  bacterial  count  was  reduced  from  5,540 
per  cubic  centimeter  in  the  raw  water  to  15  per  cubic 
centimeter  in  the  filtered  water  and  the  turbidity  from 
238  in  the  raw  water  to  0  in  the  filtered  water.  The 
average  daily  consumption  was  51.91  million  gallons, 
making  a  per  capita  daily  consumption  of  145  gallons. 
The  cost  per  1,000,000  gal.  for  filter  operations  for  the 
10  years  the  plant  has  been  in  operation  are  shown 
in  Table  I. 


, Offic 

Fiscal  vear.       Filtration. 
1905-n    . .' SO  Ofi 

TABLE    I.— COST    FKR    MILLION 

LAI 

e ^                                       Ejecting  anc 

Main.  Laboratory.  Scraping,  washing. 
$0.05             $0.20             $0.06             $0.31 
.02                 .18                 .07                 .25 
.04                 .20                .09                 .17 
.06                 .20                .07                 .18 
.07                  .19                  .05                  .11 
.03                 .18                 .00                .09 
.05                 .18                 .06                 .08 
.08                 .15                 .06                 .07 
.04     -            .19                .05                 .07 
.04                 .22                 .03                 .03 
.06                 .19                 .01                 .04 

MATE 

> >                           ■            Ejecting  and 

Main.  Lal>oratory.  Scraping,  washing. 

SO. 03             $0.02 

.02             $0.01                 .06 

$0.01                 .04             .04 

.02                 .08                 .01                 .03 

.02                  .11              .02 

.01                  .07                  .01                  .03 

.!•■.              .03 

.01                  .05                  .01                  .04 

.07              .03 

.00                 .06             .02 

.04             .01 

G.4DLONS 
30R. 

Smoothing. 

FOR    FILTER    OPERATIONS. 

Re-                           Incidentals  Filter  at- 
sanding.     Raking,  and  repairs,  tendants 

$0.04             $0.02             $0.14 

.2;!             .24                 .11 

.13             $0.02                 .41                .11 
.14                 .01                 .35-                .12 
.09                .01                 .23                 .12 
.03                 .02                 .07                 .12 
.03                .02                .07                 .12 
.04                 .03                 .11                 .13 
.03                 .02                 .20                 .13 
.02                 .02                 .22                 .14 
.03                  .02                  .07                  .14 

Re-                           Incidentals  Filter  at- 
sanding.     Rakirig,  and  repairs,  tendants 

.?b!6i         .'.'.'.'.'         $0.20         .■.'.■.■.■ 

.07             

.01             .18             

.05             

.01             .08             

$0.01                .03             

.03                 .01                 .11             

.02             .10             

.01             .01             

.01            .02             

Pumping 

wash 

water. 

$0.01 

.05 

.03 

.05 

.04 

.04 

.03 

.04 

.03 

.02 

.02 

Pumping 

wash 

water. 

$0.01 

.04 

.02 

.04 

.03 

.03 

.03 

.03 

.04 

.02 

.02 

Total. 

$0.95 

1906-7    

1907-8    

1908-9    

13 

IS 

17 

02 

o: 

01 

01 

01 

01 

01 

01       • 

00 

no 

1.31 
1.39 
1.36 

1909-10    .... 
1910-11    ... 

23 

....         22 

1.15 
.87 

1911-12    .... 
1912-13    

19 

19 

.84 

.91 

1913-14    

.97 

1914-15     .... 
1915-16    

.19 

20 

.90 

.81 

Fiscal  yea 
1905-6    

. omc 

r.       Filtration. 
$0  01 

RIAL. 

Smoothing. 

Total. 
$0.07 

1906-7    

1907-8    

01 

01 

.35 
.19 

1908-9    

.39 

1909-10    .... 
1910-11    

02 

01 

.25 
.25 

1911-1"    

.27 

1912-13    .... 

01 

.30 

1913-14    .... 
1914-15    .... 

01 

03 

.27 
.15 

1915-16    

02 

.12 

(55) 


216 


ENGINEERING    AND    CONTRACTING 


Vol.  48,  No.  11. 


Cabbage  Tree  Creek  Reservoir  of 
Brisbane,  Australia 

An  $800,000  reservoir  project  has  been  completed 
recently  by  the  Metropolitan  Water  Supply  and  Sew- 
erage Board  of  Brisbane,  Australia.  The  new  reser- 
voir dam  is  situated  on  Cabbage  Tree  Creek,  a  tribu- 
tary of  the  Brisbane  River,  and  lies  to  the  northwest 
of  the  city  of  Ipswich,  a  distance  of  about  ll^A  miles 
and  30  miles  from  Brisbane  as  the  crow  flies,  and  5% 
miles  from  the  pumping  station.  It  is  proposed  to 
bring  this  water  to  the  pumping  station  by  a  con- 
crete conduit. 

The  dam  is  situated  at  the  mouth  of  a  gorge  be- 
tween two  hills,  beyond  which  the  area  opens  out  into 
a  most  suitable  site  for  a  large  and  commodious  reser- 
voir. 

The  rock  at  the  site  is  what  may  be  termed 
quartzite.      The    exposed    strata    shows    decomposed 


this  dam  is  5,800,000,000  gal.  The  surface  area  of 
the  lake  is  700  acres.  The  catchment  area  comprises 
28  square  miles  of  very  suitable  country  for  the  pur- 
pose, hilly,  well  wooded  and  free  from  soft  parts, 
hence  the  water  comes  off  in  a  pure  condition.  The 
whole  area  of  the  reservoir  was  carefully  cleared 
from  timber  and  detritus. 
The  principal  figures  are : 

Cu.  yd. 

Excavation  for  dam    S3, 222 

Exlra   excavation   below  assumed   bottom 5,S5D 

Excavation  for  bywash 64,500 

Cyclcpean  concrete   58,400 

The  rainfall  is  intermittent,  and  for  long  periods 
there  is  none,  but  the  area  is  subject  to  peri- 
odical heavy  downfalls,  when  large  floods  have  been 
recorded.  The  reservoir  on  May  1  was  within  20  ft. 
of  top  water;  it  is,  however,  anticipated  the  next  sea- 
son's rains  will  fill  the  reservoir.  The  available 
quantity  of  water  when  full,  after  allowing  for 
evaporation,    may   be   taken    at    12,000,000   gal.    daily 
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Maximum  Section  of  Cabbage  Tree  Creek  Reservoir  Dam. 

quartzite,  in  some  places  to  a  considerable  depth, 
overlying  the  blue  quartzite  which  is  tough,  tenacious 
and  impermeable  and  suitable  for  the  foundation  of 
such  a  dam. 

The  foundation  of  the  dam  is  founded  for  the  full 
width  on  the  blue  quartzite.  This  was  found  at  15 
ft.  below  the  creek  bed  and  irregularly  on  each  side 
of  the  creek.  Although  some  5,860  cu.  yd.  of  extra 
excavation  were  removed  to  secure  this  foundation 
no  unforeseen  difficulties  were  met  with  in  so  doing, 
neither  were  any  streams  of  water  cut. 

The  dam  is  of  cyclopean  concrete,  face  work  1:2:4 
concrete  and  the  interior  1 :2i  •>  '-^V^  concrete  and 
includes  25  per  cent  of  plums.  The  dam  is  of  gravity 
section  and  125  ft.  high  from  foundation  to  top.  It  is 
95  ft.  thick  at  the  base,  the  thickest  part,  and  10  ft. 
wide  at  the  top. 

The  length  of  the  dam  is  580  ft.  and  the  length  of 
the  bywash  160  ft.,  a  total  of  740  ft. 

The  quantity  of  water  that  can  be  impounded  by 


Cabbage   Tree    Creel<    Reservoir    Dam. 

for  300  days,  and,  with  economy,  over  a  longer  period. 
The  largest  period  of  drought  known  occurred  in  1915 
when  the  principal  source  of  supply,  viz.,  the  Bris- 
bane River,  was  dry  for  8  weeks ;  the  period  of  great- 
est scarcity  of  water  may  therefore  be  put  at  100 
days. 

The  dam,  and  other  works  in  connection  with  this 
reservoir,  was  carried  out  under  contract  by  Mr. 
Arthur  Midson.  The  actual  cost  of  the  reservoir  and 
works  under  this  contract  was  about  $860,000.  The 
works  were  supervised  by  John  Peart,  Engineer  for 
Water  Supply.  The  Water  Supply  as  well  as  the 
Sewerage  Works  are  under  the  control  of  the  Metro- 
politan Water  Supply  and  Sewerage  Board  of  which 
Mr.  E.  J.  T.  Manchester,  M.  C.  E.,  is  the  president. 


The  Board  of  Public  Works  of  San  Francisco,  Cal., 
has  rejected  the  bids  received  Aug.  22  for  construct- 
ing about  19  miles  of  aqtieduct  tunnel,  10  ft.  3  in.  in 
diameter,  on  the  Hetch  Hetchy  Project.  The  low  bid 
totaled  $9,233,671,  or  an  average  of  about  $95  per  foot, 
including  accessory  structures.  It  exceeded  the  city 
engineer's  estimate  by  $2,926,000. 
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The  total  number  of  ships  making  the  transit  of  the 
Panama  Canal  during  the  fiscal  year  ending  June  30, 
1917,  in  sea  going  traffic  was  1,876.  In  1916  the  total 
was  787,  and  in  1915  it  was  1,088.  The  aggregate  gross 
tonnage  in  1917  was  8,530,121. 
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Comparative  Tests  of  Air  Diffusers 

and  Devices  for  Dewatering 

Activated  Sludge 

Results  of  comparative  tests  of  methods  of  air  dif- 
fusion in  the  activated  sludge  process  and  of  devices 
for  dewatering  the  sludge  were  outlined  by  Prof.  Ed- 
ward Bartow,  Director  of  the  Illinois  State  Water  Sur- 
vey in  a  paper  presented  June  20  at  the  Buffalo  meet- 
ing of  the  American  Institute  of  Chemical  Engineers. 
The  tests  were  made  at  the  Sewage  Treatment  Station 
of  the  Survey  at  the  University  of  Illinois  during  the 
first  6  months  of  this  year.  An  abstract  of  Prof.  Bar- 
tow's paper  follows : 

Method  of  Air  Diffusion. 

Four  reinforced  concrete  tanks  were  remodeled  and 
each  fitted  with  a  diff'erent  air  diffuser.  The  tanks 
operate  on  the  fill-and-draw  system  and  are  3  ft.  2  in. 


deep  at  the  center.  The  wooden  blocks  rest  upon  a 
series  of  13  ridges,  V2  in.  wide  and  V'l  in.  high  that 
run  across  the  receptacle  leaving  a  Vi  in.  space  under- 
neath for  the  air  to  circulate.  The  surface  of  the  con- 
tainer was  cast  on  a  curve  so  that  the  tendency  of 
the  wooden  blocks  on  swelling  would  be  to  wedge 
themselves  more  firmly  into  position.  The  basswood 
blocks  used  in  the  experiments  were  V2  in.  thick,  6  in. 
long,  and  2is  in.  wide.  At  first,  difficulty  was  experi- 
enced in  keeping  the  blocks  in  position  because  of  the 
excessive  swelling  that  took  place  when  they  were 
placed  under  water  and  also  because  they  became  soft 
and  spongy.  Many  of  the  blocks  became  so  curved 
and  twisted  that  they  were  discarded.  It  was  found 
necessary  to  place  strips  of  heavy  galvanized  iron  on 
edge  between  each  row  of  blocks  for  reinforcement 
and  to  close  up  certain  joints  with  oakum. 

Filtros  plates  of  different  porosity  furnished  by  the 
General  Filtration  Co.  were  placed  in  two  of  the  tanks. 
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Sectional    Elevation   and    Plan   of   Experimental    Station   of   Illinois    State    Water   Survey. 


square  and  8  ft.  deep.  At  each  filling  350  gal.  of  sew- 
age were  added. 

One  tank  was  fitted  with  a  system  of  perforated 
pipes  having  perforations  1/25  in.  in  diameter  placed 
2  in.  apart  and  staggered  at  an  angle  of  45°  from  the 
top  of  the  pipes.  There  were  about  40  holes  in  the 
pipes  or  4  to  each  square  foot  of  surface  area.  The 
bottom  of  the  tank  ig  sloped  from  the  center  and  sides 
at  an  angle  of  45°,  thus  forming  two  V-shaped  chan- 
nels of  equal  size,  1  ft.  in  depth,  running  entirely 
across  the  tank. 

The  bottom  of  the  second  tank  was  hoppered  from 
all  four  sides  and  a  concrete  container  for  wooden- 
block  air  diffusers  was  placed  in  the  bottom  of  the 
hopper.  The  container  was  patterned  after  one  de- 
signed by  Nordell  and  used  at  Milwaukee  in  the  Nor- 
del!  aerating  tank.  The  container  is  a  1-piece  casting 
2  ft.  8  in.  long,  1  ft.  8  9/16  in.  broad,  and  5  in.  thick 
with  a  receptacle  for  the  blocks  1  ft.  3  9/16  in.  by  2 
ft.  3  in.  in  plan,  %  in.  deep  at  the  edge,  and  1%  in. 


Three  plates  were  used  in  each  tank,  covering  one- 
third  of  the  area  and  forming  the  bottom  of  a  trough 
with  sides  sloping  at  an  angle  of  45°.  The  plates  of 
the  third  tank  were  marked  "fine"  because  on  the 
basis  of  dry  rating  these  plates  passed  5.8  cu.  ft.  of 
air  per  minute  per  square  foot  under  a  water  pressure 
of  2  in.  When  saturated  with  water  and  passing  2 
cu.  ft.  of  air  per  minute  they  showed  a  resistance  on 
a  water  gauge  of  11.4  to  11.8  in.  The  fourth  tank  was 
equipped  with  plates  marked  "coarse"  which  on  the 
same  basis  passed  12  cu.  ft.  of  air  per  minute  per 
square  foot.  When  passing  2  cu.  ft.  of  air  per  minute 
these  plates  registered  a  resistance  of  8.8  to  9.6  in. 
of  water  pressure. 

The  tanks  were  operated  during  three  periods  of 
15,  20  and  35  days,  respectively.  Each  of  the  tanks 
was  operated  in  three  aeration  periods  daily  of  510, 
300  and  270  minutes  with  a  2-hour  allowance  between 
the  periods  for  settling,  emptying  and  filling.  The 
same    amount  of  air    as  measured    by  ordinary    gas 
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meters  was  added  to  each  tank.  All  conditions  were 
maintained  as  nearly  identical  as  possible.  The  sew- 
age was  pumped  from  the  main  sewer  just  outside  the 
city  limits  of  Champaign  and  accordingly  was  fresh. 
It  was  a  fairly  strong,  domestic  sewage  with  no  trade 
wastes.  No  activated  sludge  was  added  to  the  tanks 
at  the  beginning  of  any  of  the  series  of  tests. 

Samples  of  sewage  were  taken  as  the  sewage  was 
being  pumped  into  the  tanks  and  samples  of  effluents 
were  collected  at  the  close  of  each  aeration  period 
after  the  sludge  had  been  allowed  to  settle  for  30  min- 
utes. The  methods  of  analysis  were  those  given  in  the 
1917  edition  of  Standard  Methods  for  the  Examina- 
tion of  Water  and  Sewage  of  the  American  Public 
Health  Association. 

In  the  first  series  of  tests  only  the  perforated  pipes 
and  Filtros  plates  were  used.  The  series  continued 
only  15  days.  The  average  purification,  measured  in 
terms  of  removal  of  turbidity,  removal  of  oxygen-con- 


was  no  sludge  present  at  the  beginning  and  owing  to 
the  length  of  the  test  at  times  some  of  the  excess  of 
the  accumulated  sludge  was  wasted.  No  accurate 
comparison  of  the  sludge  accumulation  at  the  end  of 
the  series  can  be  made.  The  maximum  amount  of 
sludge  was  reached  last  in  the  tank  with  perforated 
pipes.  Removal  of  turbidity  and  oxygen-consuming 
capacity  was  practically  the  same  in  all  tanks.  Meas- 
ured in  terms  of  removal  of  ammonia  nitrogen  and 
in  production  of  nitrate  nitrogen  the  tanks  with  Fil- 
tros plates  were  decidedly  superior.  Ammonia  ni- 
trogen was  entirely  removed  in  the  tanks  with  Filtros 
plates  after  17  days.  Owing  to  rains  nitrate  nitrogen 
was  present  in  the  raw  sewage  during  the  early 
part  of  the  series  and  continued  to  increase  in  the 
tanks  containing  Filtros  plates  reaching  about  25 
parts  per  million.  Practically  all  of  the  nitrate  ni- 
trogen disappeared  from  the  other  tanks.  The  poor 
results  from  the  tank  with  wooden  blocks  were  prob- 
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suming  capacity,  and  the  production  of  nitrate  ni- 
trogen was  greatest  in  the  tanks  with  the  coarser 
Filtros  plates,  next  in  the  tank  with  finer  plates,  and 
least  in  the  tank  with  perforated  pipes.  Measured  in 
terms  of  reduction  of  ammonia  nitrogen  and  sludge 
accumulation  the  order  was  reversed.  About  19,000 
gal.  were  treated  with  2.5  cu.  ft.  of  free  air  per  gallon. 

All  four  tanks  were  in  operation  in  the  second  series 
of  tests,  which  continued  20  days.  Measured  in  terms 
of  removal  of  turbidity,  removal  of  oxygen-consuming 
capacity,  production  of  nitrate  nitrogen,  and  sludge 
accumulation,  the  tanks  containing  Filtros  plates  gave 
the  best  results.  The  tank  with  the  wooden  blocks 
was  ne.xt  and  the  tank  with  perforated  pipes  the  poor- 
est. Measured  in  terms  of  reduction  of  ammonia 
nitrogen,  the  tank  with  the  perforated  pipes  was  the 
best.  About  17,000  gal.  of  sewage  were  treated  with 
1.8  cu.  ft.  of  free  air  per  gallon. 

The  third  series  of  tests,  which  lasted  35  days,  was 
the  most  satisfactory.     (See  Tables  I  and  II.)     There 


ably  caused  by  the  development  of  a  hole  in  the  tank 
which  prevented  the  formation  of  finely  divided 
bubbles.  The  stability  to  methylene  blue  was  tested 
on  and  after  the  eleventh  day  and  all  effluents  from 
the  tanks  containing  Filtros  plates  were  stable  for  10 
days  at  20°  C.  Most  of  the  effluents  from  the  other 
tanks  were  unstable.  Nearly  30,000  gal.  of  sewage 
were  treated  in  each  tank  with  3,2  cu.  ft.  of  free  air 
per  gallon.  The  sludges  in  the  tanks  with  Filtros 
plates  settled  better  and  after  removal  at  the  end  of 
the  series,  had  specific  gravities  of  1.013  and  1.022 
compared  with  1.006  for  the  sludges  from  the  other 
tanks. 

The  results  obtained  from  these  comparative  tests 
indicate  the  superiority  of  Filtros  plates  as  air  dif- 
fusers  over  perforated  pipes,  such  as  were  used  in 
our  tests  under  the  conditions  maintained.  The 
wooden  blocks  were  difficult  to  handle  though  this  was 
caused  in  part  by  the  faulty  design  of  our  containers. 
Even  in  the  time  thev  were  used  there  was  evidence 
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of  considerable  deterioration.  From  the  results  ob- 
tained little,  if  any,  difference  could  be  distinguished 
between  the  coarse  and  fine  grades  of  Filtros  plates. 
With  air  free  from  dust  and  oil  there  should  be  little 
trouble  experienced  from  clogging  of  plates. 
Dewatering  of  Activated  Sludge. 
Experiments  in  drying  on  sand  beds  were  not  suc- 
cessful. Owing  to  the  large  amount  of  moisture  in 
the  sludge,  98  to  99  per  cent,  the  solid  matter  obtain- 
able from  a  foot  depth  of  sludge  would  be  only  from 
^4  to  ^2  in.  according  to  the  residual  moisture  con- 
tent. It  was  also  difficult  to  separate  the  sludge  and 
sand.  The  fertilizer  obtained  was  more  or  less  im- 
pure and  of  decreased  value.  The  sand  beds  used 
were  0.01  acre  in  area  and  divided  into  five  compart- 
ments. Underdrains  were  overlain  with  10  in.  of 
coarse  gravel  and  8  in.  of  sand.  The  beds  were  pro- 
vided with  a  canvas  cover  supported  on  a  frame  work 
so  that  they  could  be  protected  during  storms.  One 
compartment  was  allowed  to  dry  after  a  single  filling. 


shell.  The  material  to  be  filtered  is  forced  into  the 
interior  of  the  cylinder  of  Filtros  plates,  the  cylinder 
is  revolved  and  a  cake  of  sludge  is  built  up  on  the 
inside  of  the  plates.  The  liquid  filters  through  the 
plates  into  the  space  between  the  cylinders.  Air  pres- 
sure can  be  exerted  from  the  interior  to  dry  the  cake, 
and  from  the  exterior  to  loosen  it.  The  plates  can  be 
cleaned  by  back-flushing  with  water.  The  first  trial 
with  a  comparatively  heavy  and  not  very  fresh  sludge 
did  not  give  satisfactory  results.  The  quick-opening 
door  could  not  stand  the  pressure.  Another  trial  will 
be  given  as  soon  as  the  door  can  be  replaced. 

Mohlman  reported  experiments  with  two  small  cen- 
trifuges, one  of  the  low-speed  basket  type  and  the 
other  of  the  high-speed  bottle  type.  The  basket  of 
the  low-speed  machine  was  8  in.  in  diameter  and  6  in. 
deep.  The  periphery  was  perforated  with  numerous 
holes  1/16  in.  in  diameter.  When  the  holes  were  cov- 
ered with  a  strip  of  muslin  cloth,  approximately  1  gal. 
98  per  cent  moisture  sludge  was  put  into  the  centri- 


TABLE    I.— SUMMARY    OF    RESULTS    OBTAINED    IN    THE    COMPARISON'    OF    EFFICIENCY  OF    METHODS    OF'   AERATION 
MEASURED  IK  TERMS  OF  AMMONIA  NITROGEN.  NITRATE  ANTJ  NITRITE  NITROGEN,  AND  OXYGEN  CONSUMED. 

(Parts  per  minion.) 

, Ammonia    Nitrogen > , Nitrate  and  Nitrite  Nitrogen , Oxygen    Consumed , 

Period.  Sew-       ,—. Effluents ,    Sew-     , Effluents ,    Sew-  , Effluents ^ 

1317.                                                      a!;e.         A           BCD          age.           A             B              C              D  age.         A          B            C            D 

March   27-ApriI   1 21           17        JJ"           18           IV              S           1-2           4.0             3.9             3.9  58           26           19           20           22 

April    1-6    17           17        t[6           16           16           4.7           3.9           4.7             6.1             6.3  46           21           18           15           14 

April    6-12    W           11             9             8            9           5.1           4.9           4.5             5.9            7.2  50           26           24           19           2G 

April    12-17    26           30           29        .0             0             .3             .4             .3             C.8           10.2  55           32           26           25           16 

April  17-22    21           21           21            0             0           1.2             .3             .0           15.0           16.9  

April   22-27    25  24  23  0  0  1.0  .2  .1  25.8  26.0 

April  27-30   22           30           20             0            0           4.5             .3             .0           23.8           24.7  

Average  21           20           19             6            6           2.5           1.7           1.9           12.6           13.6  52           21           22           20           19 

Reduction     5%       10%       71%       71%  60%       58%       62%       63% 

Results   .4pril  12-30   after   Activated    Sludge   was   formed. 

.\verage  24           24           23             0             0           1.7             .3             .1           17.8           19.4  5.5-          32           26           25           16 

i^eduction     0%         4%     100%     100%  41%       53%       54%       70% 

A — Tanli    with   perforated    pipes. 
B — Tanlj  with  wooden   blocks. 
C— Tank   with   fine   Filtros  plates. 
D — Tank  with  coarse  Filtros   plates. 


another  after  two  fillings  and  another  after  three  fill- 
ings. In  no  case  were  the  results  sufficiently  satisfac- 
tory to  warrant  the  use  of  sand  beds  for  the  drying 
of  the  sludge  and  the  production  of  a  commercial  fer- 
tilizer. 

Experiments  with  a  filter  press  with  leaves  8^2  in. 
square  operating  on  a  fairly  concentrated  sludge  were 
also  unsatisfactory,  it  being  impossible  to  obtain  a 
cake  of  good  consistency.     Further  experiments  are 

TABLE     It— SUMMARY     OF     RESULTS     OBTAINED     IN     THE 
COMPARISON     OF     EFFICIENCY     OF     METHODS     OF 
AERATION   MEASURED    IN   TERMS   OF   TUR- 
BIDITY AND   THE  ACCUMULATION 
OF'    SLUDGE. 
(Parts    per   Million.) 

. Turbidity ,  ^Per  Cert  Sludge-s 

Period,  Sew-    , Effluents > , Effluents , 

1917.  age.       ABCD  A       BCD 

March   27- April   1. .     282       48       39       46       46  9         S         8         7 

April  1-6    317         9         6         S         6  14       14       12       12 

April  C-12    190         9         5  5         5  IS       21       18       IS 

April  12-17   248  7         5-         5         5  26       29       25       28 

April   17-22   306         5         5         5         5  29       35       34       31 

April  22-27    309         5         5         5         5  3.8       37       44       39 

.\pril  27-30   268         5         5         5         5  35       33       36       33 

Average     274       13       10       11       11 

Reduction   95%  96%  96%  96% 

Results  April  12  to  30  after  Activated  Sludge  was  formed. 

Average    283         5         5         5^        5  38       37       44       39 

Reduction     98%  98%  98%  98% 

to  be  tried  with  the  hope  that  better  results  can  be 
obtained. 

Through  the  courtesy  of  the  Koering  Cyaniding  Co. 
of  Detroit,  a  rotary  filter  was  obtainecT.  This  style  of 
filter  is  used  satisfactorily  in  filtering  slimes  in  ex- 
tracting gold  and  silver  by  the  cyaniding  process. 
The  apparatus  consists  of  a  cylinder  of  Filtros  plates 
supported  on  a  perforated  steel  cylinder,  outside  of 
which  at  a  distance  of  about  1  in.  is  a  solid  steel  outer 


fuge  and  after  15  minutes,  700  grams  of  91  per  cent 
moisture  sludge  were  obtained.  The  high-speed  bot- 
tle-type machine  reduced  the  moisture  from  98  per 
cent  to  92  per  cent  in  three  minutes.  Mohlman  stated 
that  in  order  to  be  economical  there  should  be  an  auto- 
matic arrangement  for  removing  the  cake. 

At  Cleveland,  Pratt  and  Gascoigne  used  a  laundry 
centrifuge  with  a  26-in.  basket,  lined  with  a  Mi  in. 
wire  mesh  inside  of  which  was  a  canvas  bag.  In  the 
best  run,  when  the  basket  revolved  about  1.200  revolu- 
tions per  minute,  60  gal.  of  97y2  per  cent  moisture 
sludge  was  added  in  about  25  minutes  and  in  2  hours 
the  moisture  content  was  reduced  to  84  per  cent.  The 
time  required  would  seem  to  make  this  process  im- 
practicable. 

Working  on  the  assumption  that  the  principle  used 
in  drying  of  china  clays  or  that  used  in  the  cream 
separator  might  be  applicable,  a  modified  basket-type 
centrifuge  and  a  modified  cream  separator  were  tried. 
The  holes  of  an  8-in.  basket-type  centrifuge  were  cov- 
ered with  a  strip  of  rubber  packing.  The  best  re- 
sults were  obtained  with  1,500  revolutions  per  minute, 
which  was  the  limiting  speed  of  the  machine.  This 
would  seem  to  indicate  that  the  process  would  give 
efficient  results  if  carried  on  at  an  increased  speed, 
but  would  yield  an  effluent  that  must  be  returned  with 
the  sewage  to  the  aeration  chamber.  A  series  of  testa 
was  made  with  a  cream  separator,  the  bowl  of  which 
was  modified,  by  removing  the  inner  disks  and  dis- 
charging the  clarified  liquid  about  an  inch  from  the 
center  of  the  bowl  at  the  top.  The  sludge  added  at 
the  top  dropped  to  the  bottom  of  the  bowl,  and  the 
liquid  was  thrown  out  over  the  rim.  Sludge  cakes 
containing  from  85  to  86  per  cent  of  moisture  were 
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obtained  by  the  ci-eam  separator  in  6  to  8  minutes, 
which  encouraged  us  to  obtain  a  special  machine  for 
further  experiments. 

A  specially  designed  centrifuge  was  purchased  from 
the  Tolhurst  Machine  Works,  of  Troy,  N.  Y.  This 
machine  is  12  in.  in  diameter,  DVo  in.  high  and  at  a 
speed  of  1,800  exerts  a  centrifugal  force  of  550  lbs. 
According  to  its  concentration  from  10  to  25  gal.  of 
the  sludge  are  added  and  10  lb.  of  cake  obtained.  The 
sludge  cake  contains  about  88  per  cent  moisture.  The 
space  underneath  the  rim  contains  0.158  cu.  ft.  Ow- 
ing to  the  small  size  of  the  machine  and  to  the  fact 
that  the  material  must  be  scraped  out,  the  time  of 
cleaning  is  longer  than  would  be  required  for  a  larger 
machine  with  an  opening  in  the  bottom,  so  that  a  large 
machine  could  undoubtedly  have  been  filled  and 
emptied  more  rapidly  than  the  small  laboratory  ma- 
chine. It  was  found  entirely  possible  to  fill  and  empty 
the  small  machine  four  times  in  one  hour.  Calculat- 
ing that  the  same  rate  could  be  used  with  a  40-in. 
machine  having  46  times  the  capacity,  it  was  possible 
to  obtain  in  each  filling  460  lb.  of  sludge  of  88  per 
cent  moisture,  equivalent  to  55  lb.  of  dry  material. 
One  40-in.  machine  would,  therefore,  deliver  the 
equivalent  of  2,200  lb.  of  dry  material  in  a  working 
day  of  10  hours.  On  the  supposition  that  1 2  ton  of  dry 
material  will  be  obtained  from  1,000,000  gal.  of  sew- 
age, one  machine  would  dewater  the  sludge  from 
2,000,000  gal.  of  sewage  per  day.  The  cost  of  the  40- 
in.  machine  at  present  is  only  $750  and  the  power  to 
run  it  is  small  enough  to  make  the  process  appear 
practical  for  preparing  sludge  cake  for  a  dryer. 

The  actual  cost  of  dewatering  will  depend  upon  the 
amount  of  water  that  can  be  removed  by  the  cen- 
trifuge, the  size  of  dryer  and  the  amount  of  coal  re- 
quired for  removing  the  residual  water.  A  drying 
test  using  220  lb.  of  88  per  cent  sludge  cake  made  by 
the  John  P.  Devine  Co.  indicates  that  the  dewatering 
process  can  be  made  practical. 


Laboratories  for  Chemical  and 

Bacterial  Tests  at  Small 

Water  Works 

The  desirability  of  small  filter  plants  having  their 
own  laboratories  for  chemical  and  bacterial  tests  was 
pointed  out  by  Mr.  Ray  C.  Werner,  Chemist,  Georgia 
State  Board  of  Health  in  a  paper  read  at  the  last  an- 
nual meeting  of  the  Tri-State  Water  and  Light  Asso- 
ciation.    An  abstract  of  Mr.  Werner's  paper  follows: 

It  is  becoming  more  and  more  evident  that  bacterial 
analyses  at  such  frequent  intervals  as  several  times 
a  week  or  once  daily  are  really  needed  to  accurately 
check  the  quality  of  the  water.  This  is  particularly 
true  of  the  plants  deriving  raw  water  from  large 
streams,  which  vary  considerably,  sometimes  quite 
suddenly,  in  bacterial  contents,  chemical  quality  and 
turbidity.  Another  valuable  feature  of  the  plant  lab- 
oratory is  that  the  control  is  direct,  enabling  the  su- 
perintendent and  attendants  to  interpret  the  results 
in  relation  to  the  procedures  of  plant  operation;  and, 
too,  the  results  of  bacterial  tests  may  be  promptly  ob- 
served on  the  first  or  second  day  after  taking  sam- 
ples. In  shipping  samples  there  is  necessarily  consid- 
able  delay  in  obtaining  the  results  and  therefore  the 
intimate  touch  with  plant  operation  is  lost.  As  one 
of  the  prime  objects  of  the  examination  is  to  correct 
faults  in  operation  of  the  plant,  prompt  bacterial  re- 
sults are  needed.  This  point  is  of  the  greatest  im- 
portance because,  after  all,  the  bacterial  examination 


only  shows  what  the  filter  has  accomplished  as  re- 
gards purification  and  the  plant  must  be  efficiently 
operated  in  order  to  furnish  a  water  of  bacteriological 
purity. 

For  several  years  the  State  Board  of  Health  of 
Georgia  has  encouraged  the  superintendents  and  local 
officials  at  waterworks  to  start  small  local  labora- 
tories. There  are  at  present  such  laboratories  at  At- 
lanta, Columbus,  Commerce,  Milledgeville,  Jackson 
and  LaGrange.  At  Jefferson  the  matter  is  under  con- 
sideration. The  first  plant  laboratory  in  the  state  was 
the  one  at  Milledgeville  at  the  Baldwin  County  Water 
Co.,  owned  and  operated  by  the  American  Pipe  &  Con- 
struction Co.  of  Philadelphia.  This  laboratory  has 
now  been  in  service  for  at  least  5  or  6  years  and  has 
furnished  valuable  data  as  to  the  quality  of  water  pro- 
vided for  the  city — something  especially  desirable  and 
valuable  where  the  public  supply  is  owned  by  a  pri- 
vate corporation. 

Probably  more  laboratories  would  have  been  estab- 
lished were  it  not  for  the  fact  that  the  superintendents 
are  apt  to  regard  bacteriology  as  too  difficult  and  too 
time-consuming  to  be  undertaken  lightly  as  an  addi- 
tion to  their  regular  duties.  Also  those  who  have  not 
investigated  the  subject  frequently  consider  the  ex- 
pense of  the  laboratory  as  too  great  for  the  means  of 
the  waterworks  department.  It  is  often  true,  too,  that 
local  water  and  light  commissions  and  similar  political 
bodies  having  charge  of  finances  in  small  cities  dis- 
courage any  extra  expenditures  of  money  no  matter 
how  important  they  may  be.  This  is  particularly  apt 
to  apply  to  such  a  matter  as  a  bacteriological  labora- 
tory, dealing  as  it  does  with  a  subject  not  yet  familiar 
to  the  general  public.  Those  who  undertake  the  step 
of  starting  a  laboratory  therefore  must  be  prepared 
to  meet  some  opposition  and  discouragement  at  the 
start. 

As  to  the  cost,  it  is  now  possible  to  secure  good 
equipment  for  routine  water  bacterioloogy,  such  as  the 
bacterial  counts  and  tests  for  B.  coli,  at  about  $125. 
The  cost  of  chemicals  and  bacteriological  media  is 
quite  small  after  the  laboratory  is  once  started.  The 
incubators,  sterilizers  and  similar  equipment  can  now 
be  bought  to  operate  by  electricity,  gas,  or  gasoline  as 
may  be  most  convenient.  Electricity  is  now  available 
at  almost  every  waterworks,  so  that  electrical  equip- 
ment is  desirable. 

The  average  superintendent  can  easily  learn  the 
necessary  bacteriological  technique  for  making  rou- 
tine control  tests.  He  should  be  provided  first  with 
one  or  two  good  books  on  water  bacteriology  and  filter 
plant  operation.  After  some  familiarity  with  the  sub- 
ject has  been  gained  by  the  study  of  such  books,  the 
superintendent  can  acquire  actual  experience  in  plat- 
ing out  samples,  the  sterilization  of  media  and  other 
procedures  of  routine  bacteriological  work.  After  a 
few  days  of  this  training  under  an  experienced  worker, 
he  is  in  a  position  to  start  his  own  work,  making  the 
counts  and  the  presumptive  test  for  B.  Coli  daily  or 
at  frequent  intervals.  Of  course,  he  will  usually  make 
some  errors  at  first,  as  is  perfectly  natural,  but  within 
a  few  weeks  he  can  by  study  and  application  have  an 
accurate  working  knowledge  of  the  principles  of  water 
bacteriology.  As  his  experience  and  training  broad- 
ens, the  superintendent  can  take  up  the  more  com- 
plex procedures  of  bacteriology,  including  microscop- 
ical work  and  the  study  of  fresh-water  biology  and 
related  subjects.  Such  studies,  however,  are  largely 
matters  of  personal  ambition  with  the  individual  and 
while  very  desirable  are  not  absolutely  necessary  in 
securing  plant  control  and  producing  pure  water. 
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Recent  Progress  and  Tendencies 
in  Water  Filtration 

An  excellent  summary  of  the  recent  progress  in  the 
field  of  municipal  water  supply  engineering  was  given 
by  Mr.  John  W.  Alvord,  Consulting  Engineer,  Chicago, 
in  a  paper  presented  at  the  last  annual  convention  of 
the  American  Water  Works  Association.  That  por- 
tion of  the  paper  relating  to  water  filtration  follows: 

Stimulated  by  wide  dissemination  of  modern  ideas 
of  sanitation,  water  filtration  in  the  United  States  has 
made  great  progress  during  the  past  decade.  The 
population  supplied  by  filtered  water,  as  shown  by 
Table  1,  has  increased  from  3,160,000  in  1904  to  17,- 
291,000  in  1914.  As  late  as  1903  only  about  60  cities 
and  towns  were  supplied  with  filtered  water,  while 
there  are  now  some  480  filter  plants  in  this  country 
with  a  total  capacity  of  2,585,000,000  gal.  per  day. 
These  filters  serve  40.86  per  cent  of  the  urban  popula- 
tion, while  in  1904  only  9.68  per  cent  of  the  urban 
population  (including  all  towns  of  over  2,500  popula- 
tion) was  so  supplied. 

The  relative  growth  of  slow  sand  and  rapid  sand 
filtration  during  this  period  is  interesting.  It  reflects 
strongly  the  relative  adaptability  to  conditions  in  this 
country  of  the  two  types  of  filters  and  the  gradual 
acceptance  by  the  general  public  of  ideas  in  water 
purification  looked  upon  with  prejudice  less  than  ten 
years  ago.  Although  slow  sand  filters  were  the  first 
to  be  introduced,  by  1904  rapid  sand  filters,  including 
the  earlier  "mechanical"  filters,  were  far  in  the  lead 
with  a  total  population  served  of  2,600,000,  as  against 
only  560,000  supplied  by  slow  sand  filters.  From  1904 
to  1908  several  very  large  slow  sand  filter  plants  were 
completed,  at  Philadelphia,  Pa.,  Washington,  D.  C, 
and  at  Pittsburgh,  Pa.,  and  the  relative  lead  of  rapid 
sand  filters  was  much  reduced,  although  even  then  the 
population  served  by  rapid  sand  filters  was  very 
nearly  twice  that  supplied  by  slow  sand  filters.  Since 
1910  the  growth  of  slow  sand  filters  has  been  less 
marked.  In  1914,  a  population  of  5,398,000  received 
water  from  about  30  slow  sand  filters,  while  upwards 
of  450  rapid  sand  filters  supplied  a  total  population  of 
11,893,000. 

Although  there  are  now  in  this  country  15  rapid 
sand  filter  plants  to  one  slow  sand  plant,  the  capacity 
of  the  larger  slow  sand  filter  plants  is  greater  than 
that  of  any  rapid  sand  filters  yet  built.  The  largest 
slow  sand  filter,  located  at  Philadelphia,  and  in  service 
since  1908,  has  a  rated  capacity  of  240,000,000  gal.  per 
day.  In  contrast  to  this,  the  rapid  sand  filter  at  Cin- 
cinnati, completed  in  1907,  with  a  capacity  of  but 
112,000,000  gal.  per  day  is  the  largest  plant  of  this 
type  in  operation  up  to  1915.  Present  tendencies  in 
this  country  are  indicated  by  the  fact  that  several 
cities  are  now  building  mechanical  filter  plants  larger 
than  any  now  in  operation,  while  no  large  slow  sand 
filter  plants  are  under  construction  or  projected.  A 
rapid  sand  filter  of  320,000,000  gal.  capacity,  30  per 


cent  larger  than  any  existing  slow  sand  plant,  has 
been  designed  for  the  Croton  water  supply  of  New- 
York.  St.  Louis  has  recently  completed  a  rapid  sand 
filter  of  160,000,000  gal.  capacity,  at  Cleveland  two 
rapid  sand  filters  are  proposed,  with  a  combined  ca- 
pacity of  225,000,000  gal.,  one  of  which  is  now  about 
ready  for  service,  the  larger  plant  of  the  two  having 
150,000,000  gal.  capacity,  and  Baltimore  has  a  new 
rapid  sand  filter  of  128,000,000  gal.  capacity. 

The  rapid  sand  filter  has  outstripped  the  slow  sand 
filter  principally  because  it  is  better  adapted  to  han- 
dling waters  of  the  high  turbidity  characteristic  at 
times  of  practically  all  our  rivers  outside  of  the  ex- 
treme northeasterly  portion  of  the  United  States.  In 
many  parts  of  the  country,  the  slow  sand  filter,  un- 
aided by  auxiliary  processes,  more  especially  coagula- 
tion and  preliminary  sedimentation,  would  be  in- 
capable of  continuously  handling  the  water  except  at 
greatly  reduced  rates  of  filtration,  owing  to  the  rapid 
clogging  of  the  beds  and  great  difficulty  and  time  re- 
quired in  cleaning.  The  rapid  sand  filter,  using  coag- 
ulation and  ample  preliminary  sedimentation  that  re- 
lieves the  filters  proper  of  a  very  large  share  of  the 
burden  of  purification,  and  with  easy  means  of  clean- 
ing the  filter  beds,  has,  on  the  other  hand,  repeatedly 
demonstrated  its  ability  to  properly  and  economically 
filter  the  most  turbid  waters.  The  growing  recog- 
nition by  engineers  of  the  merits  of  the  rapid  sand 
filter  is  evidenced  by  the  final  recommendation  in  a 
number  of  instances  of  rapid  sand  filters,  reversing 
earlier  recommendation  of  slow  sand  filters,  as  in  the 
case  of  New  York  City,  Baltimore  and  Minneapolis. 

Although  the  limitations  of  slow  sand  filtration  in 
handling  waters  of  high  turbidity  were  early  realized, 
these  filters  were  often  favored  in  preference  to  rapid 
sand  filters.  Popular  objection  to  rapid  sand  filtra- 
tion arose  on  account  of  its  use  of  a  coagulant.  This 
prejudice  is  well  illustrated  in  the  case  of  Washing- 
ton, D.  C,  where  popular  agitation  resulted  in  the 
building  in  1905  of  a  slow  sand  filter  after  the  original 
recommendation  of  a  rapid  sand  filter.  Prejudice 
against  the  use  of  alum,  and,  in  fact,  against  the  use 
of  other  chemicals,  either  for  coagulating,  softening, 
or  sterilizing  water  has  now  been  for  the  most  part 
overcome.  This  is  mainly  due  to  the  extensive  use 
of  coagulation  at  a  large  number  of  rapid  sand  filter 
plants,  occasionally  in  conjunction  with  water  soften- 
ing, without  ill  effects  on  the  consumer,  and  to  the 
well  earned  public  favor  enjoyed  by  the  process  of 
water  sterilization  by  means  of  hypochlorite  of  cal- 
cium. 

While  the  rapid  sand  filter  has  overcome  the  preju- 
dice under  which  it  labored  10  or  15  years  ago,  and 
has  been  demonstrated  as  equal,  if  not  superior  in 
bacterial  efficiency  to  the  best  slow  sand  filters,  it  is 
of  interest  to  note  that  the  attempt  in  recent  years  to 
apply  slow  sand  filtration  outside  of  its  proper  zone  of 
relatively  clear  natural  waters  has  not  met  with  suc- 
cess.    This  attempt  has  brought  about  very  radical 


TABLE   I— GROWTH   IN  POPTL^TION   SUPPLIED  WITH  FILTERED    WATER    IN    THE    UNITED    STATES    BY    SLOW    SAND 

AND  BY    RAPID    SAND    FILTERS. 

Total  urban 

population 

in  the  U.  S. 

(towns  and  , Pop.    Supplied   with   Filtered   Water ^      ,— Pet.  of  Urban  Pop.  Supplied—, 

cities  above  Slow  sand            Rapid  sand                                      Slow  sand    Rapid  sand 

Year.                                                                          2,500).  filters.                    filters.                   Total.                 Alters.            filters.           Total. 

1S70 : 

1880 13,306.000  30,000  30,000  .23  .23 

1890 21,400,000  35.000                      275,000                     310,000                    .16                  1.29                  1.45 

1900 ■ 29,500,000  360,000                    1,500.000                    1,860,000                   1.22                    5.09                    6.31 

1904 32,700,000  560.000                  2,600,000                  3,160,000                  1.71                  7.95                  9.C6 

1910 38,350.000  3,8<3,000                    6,r22.000                  10,805,000                 10.13                  18.05                  28.18 

1914» 42.500,000  5,398,000                 11,893,000                17,291,000                12.70                27.98                 40.68 

•Compiled  Januarj-  1914,  oy  George  A.  Johnson. 
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departures  from  early  slow  sand  filtration  practice, 
and  has  obscured  the  original  sharp  distinction  be- 
tween this  type  and  the  rapid  sand  filter,  without 
evolving  a  superior  filter.  It  has  been  necessary  to 
resort  to  coagulation  at  the  Washington  slow  sand 
plant,  in  spite  of  very  long  preliminary  sedimentation. 
At  Philadelphia  and  at  Albany,  preliminary  filters, 
which  are  practically  rapid  sand  filters,  have  been 
added  to  better  enable  the  slow  sand  filters  to  do  the 
work  originally  expected  of  them.  At  Pittsburgh  ex- 
tensive modifications  have  been  necessary  to  properly 
prepare  the  water  for  the  slow  sand  filters  that  had 
been  proved  incapable  alone  of  producing  a  satisfac- 
tory effluent.  The  reliance  now  placed  on  sterilization 
of  the  filtered  water  at  most  of  the  principal  slow  sand 
filter  plants  shows  further  the  wide  departure  made 
from  the  original  slow  sand  process,  in  the  effort  to 
keep  the  performance  of  some  of  these  plants  up  to 
the  standard  originally  intended  of  them  without  the 
help  of  these  and  other  auxiliary  processes.  All  of 
these  processes  are  foreign  to  the  original  idea  of  a 
"natural"  process  for  water  purification  which  gave 
to  the  slow  sand  filter  much  of  its  vogue  and  played 
an  important  part  in  meeting  the  early  competition 
with  the  so-called  "mechanical"  filter  and  the  present 
rapid  sand  filter. 

The  process  of  rapid  sand  filtration  was  highly 
standardized  10  years  ago,  and  has  undergone  little 
change  in  the  last  few  years  beyond  the  incorporation 
of  water  sterilization  as  an  additional  safeguard,  and 
a  more  general  appreciation  of  the  importance  of  pre- 
liminary sedimentation.  Filters  of  this  type  follow 
closely  the  lines  of  the  original  modern  rapid  sand 
filter  built  in  1902  at  Little  Falls,  N.  J. 

Although  it  is  well  understood  that  any  filter  has  a 
definite  limit  of  capacity  beyond  which  it  is  not  pos- 
sible to  obtain  properly  purified  water,  there  is  a  ten- 
dency to  operate  filters  at  greater  than  the  safe  rates, 
as  the  plants  are  outgrown.  The  danger  in  this  prac- 
tice is  evident,  and  engineers  generally  are  disposed 
to  discourage  it,  and,  so  far  as  possible,  to  anticipate 
it  by  designing  with  ample  provision  for  the  needs  of 
the  immediate  future,  and  with  special  attention  to 
facility  for  making  future  additions. 

There  is  a  further  tendency  of  late  to  overconfidence 
in  filtration  as  a  preventative  of  disease,  and  a  dis- 
position in  some  quarters  to  attempt  the  filtration  of 
hadl.v  polluted  waters  in  preference  to  more  expensive 
and  distant  sources.  The  engineer  and  the  sanitation 
of  today  is  engaged  in  pointing  out  that  it  is  not  a 
proper  or  wise  policy  to,  overload  water  filters  from 
a  poor  source  of  supply. 

The  field  of  possible  application  of  water  filtration, 
and  more  pai'ticularly  rapid  sand  filtration,  is  today  a 
very  broad  one.  Practically  all  river  and  large  lake 
municipal  water  supplies,  and  many  impounded  sup- 
plies, must  eventually  be  filtered  to  meet  the  rapidly 
spreading  demand  for  uniformly  safe  and  potable 
water.  We  may  reasonably  look  forward  to  an  exten- 
sion of  water  filtration  during  the  next  decade  fully  as 
great  as  the  growth  from  1904  to  1914. 


Of  the  16  cantonments  being  constructed  for  the 
new  national  army,  seven  were  ready  on  Sept.  5  to 
receive  their  entire  quotas  of  oflScers  and  enlisted 
men.  Seven  other  cantonments  had  been  sufficiently 
completed  on  that  date  to  receive  all  officers  and  two- 
thirds  or  more  of  their  entire  quota  of  enlisted  men. 
The  two  remaining  cantonments  had  already  received 
their  full  quota  of  officers  and  were  ready  to  receive 
the  enlisted  men  ordered  there  on  Sept.  5. 


Unstable    Condition    of    Flow  in 

Flume  with  Water  at  Critical 

Stage 

In  connection  with  the  experimental  investigations 
made  on  the  North  Platte  Project  of  the  U.  S.  Reclama- 
tion Service  during  the  irrigation  season  of  1916,  sev- 
eral observations  were  made  of  flow  conditions  in  one 
of  the  flumes.  These  observations  were  made  pri- 
marily for  the  purpose  of  determining  the  inlet  and 
outlet  losses  and  the  value  of  Kutter's  "n"  for  the 
flume.  Studies  of  the  data  submitted  revealed,  how- 
ever, a  very  interesting  and  important  condition  of 
flow  separate  from  the  original  objects  of  the  investi- 
gation. The  results  of  these  studies  are  set  forth  in 
the  August  Reclamation  Record,  from  which  the  mat- 
ter following  is  taken. 

The  flume  under  consideration  is  a  semicircular 
steel  type,  with  smooth  interior,  known  commercially 
as  a  Hess  No.  204.  The  inside  diameter  is  10.823  ft. 
It  is  constructed  on  a  tangent  and  has  a  total  length 
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Fig.    1 — Flow    Conditions. 

between  head  walls  of  240  ft.  The  field  observations 
consisted  of: 

1.  Profile  of  water  surface. 

2.  Profile  of  subgrade. 

3.  Elevation  of  top  of  itume. 

4.  Measurement  of  discharge  through  the  flume. 
The  observations  made  on  July  20,  1916,  were  taken 

as  representative  of  flow  conditions,  and  Fig.  1  has 
been  prepared  on  which  are  shown  in  full  lines  the 
profiles  of  actual  subgrade,  actual  water  surface,  and 
the  top  of  the  flume.  The  discharge  through  the  flume 
at  the  time  of  making  the  above  observations  was  235 
cu.  ft.  per  second. 

An  examination  of  the  water-surface  profile  shows 
that  the  flow  through  the  flume  is  decidedly  unstable, 
especially  so  at  the  upper  and  lower  ends  of  the  flume. 
This  genei-al  unstable  condition  of  flow,  together  with 
the  decided  drop  and  jump  in  the  water  surface  at  the 
lower  end,  was  identical  in  each  test  made  and  led  to 
the  belief  that  the  flow  must  be  at  or  near  the  critical 
depth.  To  substantiate  the  above  theory  studies  have 
been  made  of  the  flow  conditions  throughout  the  flume 
and  are  described  below. 

With  a  discharge  of  235  second-feet,  various  depths 
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in  the  flume  were  assumed  and  the  resulting  area,  ve- 
locity and  velocity  head  for  each  depth  computed. 
These  data  were  plotted  (see  Fig.  2)  with  the  depths 
in  the  flume  (D)  as  abscissae  and  the  energy  required 
to  maintain  the  flow  at  these  depths  as  ordinates.  The 
energy  required  is  equal  to  D  +  h^,  where  D  represents 
static  head  and  hv  velocity  head.  The  resulting  energy 
curve  for  a  flow  of  235  second-feet  through  the  flume 
was  then  drawn  in  as  shown. 

From  the  shape  of  the  curve  it  follows  that  there 
are  two  depths  at  which  the  flow  will  take  place  with 
the  same  energy.  These  two  depths  are  known  as  the 
lower  alternative  stage  (stage  of  high  velocity)  and 
the  upper  alternative  stage  (stage  of  low  velocity). 
The  curve  also  clearly  demonstrates  that  there  is  one 
depth  at  which  the  two  stages  merge  into  one,  this  be- 
ing the  lowest  point  on  the  curve  and  hence  the  depth 
of  flow  requiring  the  least  energy.  This  depth  is 
known  as  the  critical  depth. 

As  the  depth  becomes  less  than  the  critical,  the  flow 
is  taking  place  at  the  high  velocity  of  the  lower  al- 
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ternative  stage,  and  if  obstructed  will  jump  :uid  flow 
under  the  condition  of  the  upper  stage  of  low  velocity. 
With  the  flow  taking  place  at  or  near  the  critical 
depth,  as  shown  by  the  flatness  of  the  curve  at  this 
point,  any  slight  change  in  energy  will  cause  a  de- 
cided change  in  the  depth.  It  is  thus  to  be  expected 
that  in  such  a  case  the  water  surface  will  be  very 
rough  and  the  depth  will  shift  back  and  forth  along 
the  curve  and  a  jump  may  be  expected  if  the  flow  is  at 
all  restrained. 

The  velocity  at  which  the  water  will  flow  at  the 
critical  stage  is  termed  the  critical  velocity  and  may 

■      A^ 
be  shown  to  be  equal  to  V 


From  this  formula,  the  depth  at  which  the  critical 
velocity  is  developed  may  be  obtained.  For  the  case 
in  hand  this  was  found  to  occur  at  a  depth  D  =  3.54 
ft.  with  a  velocity  of  9.09  ft.  per  second.  Thus  we 
have  the  co-ordinates  for  the  critical  stage  as  follows: 
D  =  3.54,  D  4-  hv  =  H  =  4.82.  These  were  plotted  and 
furnished  the  lowest  point  through  which  the  energy 
curve  must  pass. 

Having  obtained  the  critical  depth,  D  =  3.54  ft.,  the 
dotted  line  indicating  this  depth  of  flow  throughout 
the  flume  was  plotted  on  Fig.  1.  This  line  is  called 
the  "critical  stage."  It  is  observed  that  the  actual 
water  surface  for  the  test  is  very  close  to  the  critical 
stage  throughout  the  flume  and  from  the  explanation 
given  above  it  follows  that  the  extremely  unstable  con- 
dition of  flow  is  to  be  expected. 

As  stated  above  and  as  is  shown  by  the  "energy 
curve,"  there  are  two  stages  at  which  the  flow  will 
take  place  for  any  definite  energy.  In  Fig.  1  the  actual 
water  surface  is  taken  as  one  stage  and  for  each  ob- 
served elevation  the  opposite  stage  is  picked  off  of  the 
"energy  curve"  and  plotted.  These  points  are  then 
connected  and  this  line  represents  the  alternative 
stage  at  which  the  water  could  have  flowed  in  this 
particular  flume  with  the  same  energy  with  which  the 
flow  actually  took  place. 

It  is  observed  that  up  to  station  1+83  the  flow  takes 
place  at  the  upper  alternative  stage,  but  that  the  ac- 
tual was  so  close  to  the  critical  stage  that  the  flow 
was  very  rough  and  unstable,  and  with  a  slight  change 
of  energy  could  easily  have  shifted  to  the  high  velocity 
or  lower  alternative  stage.  At  station  1+83  the  flow 
line  drops  below  the  critical  stage  and  assumes  the 
lower  alternative  stage.  At  station  2+30  the  flow 
jumps  to  a  point  near  the  critical  stage  and  then  drops 
again  to  the  lower  stage.  This  rise  at  station  2+30 
was  probably  caused  by  the  raise  in  the  subgrade.  Had 
this  raise  in  subgrade  been  a  little  more  pronounced 
the  flow  line  would  have  taken  approximately  the 
elevation  97.78  as  shown  for  the  alternative  stage. 
However,  it  probably  would  not  have  fully  attained 
this  elevation  due  to  eddies  through  which  the  energy 
is  dissipated. 

The  above  data  show  the  unstable  conditions  of  flow 
which  may  be  expected  to  take  place  in  a  flume  with 
the  water  flowing  at  or  near  the  critical  stage.  The 
necessity  for  consideration  of  the  above  principles  in 
connection  with  flume  design  is  no  doubt  apparent, 
and  it  is  believed  that  for  all  flume  designs  in  which 
Ihe  water  is  flowing  at  a  high  velocity  similar  investi- 
gation should  be  made  before  final  designs  are  pre- 
pared, and  that  in  case  of  flow  at  or  near  the  critical 
stage  additional  freeboard  should  be  provided. 


velocity  head  being  h' 


g — ,  the  corresponding 
T 

in  which — 


2T 


V  =  critical  velocity. 
g  =  acceleration  due  to  gravity. 
A  =  cross  sectional  area  of  flume. 
T  =  width  at  water  surface. 


Cost  of  Preliminary  Treatment  for  Filtered  Water 
of  Washington,  D.  C. — Preliminary  treatment  at  the 
coagulant  plant  of  the  filtered  water  supply  of  the 
District  of  Columbia  for  the  fiscal  year  ending  June 
30,  1916,  cost  69  ct.  per  1,000,000  gal.  filtered,  an  in- 
crease of  9  ct.  over  the  previous  year.  This  increase 
as  will  be  noted  from  the  accompanying  table  was  due 
to  the  higher  prices  for  alum. 


Fiscal  year  1911-12.  1912-13.  1913-14.  1914 
Average  daily  consumption 

(1.000,000  gal.)    61.95 

Number  days  used    110 

Hydrated  lime  used,  tons 

Alum  used,  tons   534.5 

Cost  per  1,000,000  gal.    altered: 

Labor     *0.0F 

Alum    'IS 

Lime    

Supplies    


57.44 


328.2 


56.43 


293.7 


54.54 

51.91 

107 

109 

.(T4.S 

53.5 

430.5 

431.6 

$0.06         $0.07 


$0.09 
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Totals    $0.53         $0.57 


$0.39 
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Effect  of  Creosoted  Wood  Stave  Pipe  Upon 
Water  for  Domestic  and  Irriga- 
tion Uses 

Experiments  to  determine  the  effect  of  creosoting 
on  the  qualit.v  of  water  passing  through  wood  stave 
pipe  have  been  made  recently  by  the  Bureau  of  Indus- 
trial Research  of  the  University  of  Washington.  The 
tests  to  determine  the  effect  upon  the  potability  of 
water  passing  through  the  pipe  were  made  with  a 
48-ft.  section  of  4-in.  creosoted  Douglas  fir  stave  pipe. 
The  treatment  was  16  lb.  of  creosote  per  cubic  foot  of 
wood.  In  the  experiment  the  water  was  circulated 
through  the  pipe  for  6  hours  at  a  velocity  of  5  ft.  per 
second  before  taking  each  sample.  The  taste  of  the 
water  was  accepted  as  evidence  of  its  potability. 
It  was  found  that  after  the  experimental  pipe  line  had 
been  in  service  for  13  days,  no  taste  of  creosote  could 
be  detected  in  a  sample  of  the  water  diluted  with  two 
parts  of  ordinary  city  water.  After  the  experimental 
pipe  line  had  been  in  service  for  29  days,  no  taste  of 
creosote  could  be  detected  in  undiluted  water  flowing 
through  it. 

The  test  was  extended  to  determine  the  effect  of 
minute  quantities  of  creosote  upon  the  availability 
of  the  water  in  irrigation.  The  conclusion  reached 
as  the  result  of  the  test  was: 

The  amount  of  creosote  that  diffuses  into  water  in 
ordinary  creosoted  pipes  does  not  have  an  appreciable 
injurious  effect  upon  plants  either  in  the  time  of 
germination,  the  percentage  of  germination,  the  rapid- 
ity of  growi;h  or  the  general  vigor  of  the  plant. 


Cost  of  Cleaning  Catch  Basins  at  Cam- 
bridge, Mass. 

Cost  data  on  cleaning  catch  basins  by  the  Sewer 
Department  of  Cambridge,  Mass.,  are  given  in  the  last 
annual  report  of  L.  M.  Hastings,  City  Engineer.  The 
•figures  cover  the  period  1905-1916  inclusive  and  are 
as  follows: 

, Qi-antity ,  , Cost , 

No.  of  Loads 

C.  B.  Total  per  Total  Per  Per 

Date.         cleaned,  loads.  C.  B.  cu.  yd.  Total.  C.  B.  cu.  yd. 

1905 2,169  5,213  2.40  3,909  $6,089  2.80  1.56 

190(r 2,340  5,609  2.82  4,206  6,050  2.58  1.44 

1907 1,948  4,704  2.40  3,528  5,070  2.60  1,44 

1908-9' 2,742  5,906  2.15  4.429  S,090  2.95  1.82 

1909-10 1,874  4,157  2.22  3,118  6,732  3.32  2.16 

1910-11 1,672  4,181  2.50  3,135  6,225  3.72  1.98 

1911-12t....     1,466  3,676  2.51  2,77&  6,344  4.33  2.30 

1912-13 1,438  3,463  2.41  2,598  5,656  3.93  2.18 

1913-14 1.479  3,802  2.58  2,851  6.223  4.21  2.18 

1914-15t 1,335  3,862  2.89  2,S9C  7.559  5.66  2,61 

1915-16 1,128  3,247  2,88  2,436  7,309  6.48  3.00 

•Sixteen  months.  tSeptember  1911,  pay  of  cleaners  increased 
to  $2.25  per  day.  tOctober  14,  1914,  pay  of  cleaners  increased  to 
12.50  per  day. 


James  P.  Beck. 


James  P.  Beck,  General  Manager  of  the  Portland 
Cement  Association,  with  headquarters  at  111  W. 
Washington  St.,  Chicago,  died  Sept.  8  at  the  Presby- 
terian Hospital,  Chicago. 

Mr.  Beck  was  born  at  Odell,  111.,  on  Jan.  27,  1886. 
He  was  graduated  from  the  University  of  Illinois  in 
1907  with  the  degree  A.  B.  in  L.  &  A.  He  entered  the 
employ  of  the  Universal  Partland  Cement  Co.  in  June, 
1907.  Two  years  later  he  was  made  publicity  man- 
ager of  that  company  by  Edward  M.  Hagar,  then  pres- 
ident of  the  Universal  Portland  Cement  Co.  A  little 
story  in  connection  with  this  promotion  to  so  re- 
sponsible a  position  gives  an  insight  into  the  busi- 
ness ability  of  the  man  who  was  taken  away  while 
yet  almost  youthful.  Edward  M.  Hagar,  it  will  be 
remembered,  was  the  father  of  the  Cement  Products 


Exhibition  Co.,  and  while  one  of  the  cement  shows 
was  being  planned  became  too  ill  to  attend  to  details 
and  transferred  the  responsibility  to  Mr.  Beck  with 
the  remark,  "Well,  see  what  you  can  do  with  it."  What 
Mr.  Beck  did  on  this  occasion  and  on  the  numerous 
others  which  followed  while  he  was  identified  with 
the  Cement  Products  Exhibition  Co.,  are  too  well 
known  to  need  comment.  His  first  as  well  as  follow- 
ing efforts  to  make  the  Cement  Products  Exhibition 
Co.  a  success  were  noteworthy.  Mr.  Beck  was  also 
a  prime  mover  in  the  two  national  conferences  which 
were  held  in  Chicago  known  as  the  National  Confer- 
ence on  Concrete  Road  Building. 

During  his  term  at  college,  he  was  editor  and  man- 
ager of  Illio,  and  manager  of  the  Illinois  Magazine. 
He  was  captain  and  regimental  adjutant  of  the  cadet 
regiment  at  the  university  and  was  president  of  the 
mini  Club,  Chicago,  for  one  year.  He  was  a  mem- 
ber of  a  number  of  clubs,  associations  and  fraterni- 
ties, among  which  were  the  following:  Alphi  Delta 
Phi,  Phi  Delta  Phi,  Phoenix,  Varsity  Club,  English 
Club,  Philomathean  Club,  Press  Club,  Advertising 
Association  of  Chicago,  Cement  Products  Exhibition 
Co.,  American  Concrete  Institute,  American  Society 
for  Testing  Materials,  University  Club,  Bobolink 
Golf  Club. 

During  the  fall  of  1915,  Mr.  Beck  was  chosen  to 
formulate  plans  for  broadening  the  scope  of  work 
of  the  Association  of  American  Portland  Cement 
Manufacturers,  the  headquarters  of  which  were  then 
in  Philadelphia.  After  several  months'  work,  Mr. 
Beck  submitted  at  the  annual  meeting  of  the  associa- 
tion in  December,  1915,  a  very  comprehensive  plan 
which  was  adopted  essentially  in  its  entirety.  Mr. 
Beck  was  then  made  general  manager  of  the  associa- 
tion to  put  into  effect  and  carry  out  the  plan  which 
he  formulated.  How  successful  this  has  been  is 
known  to  everyone  whose  interests  have  kept  them  in 
touch  with  the  rapid  development  of  the  cement  in- 
dustry and  the  work  of  the  Portland  Cement  Associa- 
tion during  the  past  two  years. 


Personals 
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Thomas  B.  Dornin  has  resigned  as  engineer  in  charge  of  the 
city  water  works  of  Norfoll;,  Va.,  to  accept  a  position  as  marine 
architect  with  the  United  States  Shipping   Board. 

,T.  Denny  O'Neil  of  McKeesport,  Pa.,  at  present  State  Insur- 
ance Commissioner  of  Pennsylvania,  has  been  appointed  State 
Highway  Commissioner  to  succeed  Frank  B.  Black, 

J.  W.  Greer  of  Beeville,  Tex.,  has  been  appointed  city  man- 
ager of  Bryan,  Tex.,  succeeding  AV.  Pipperman,  who  resigned  to 
enter  the  resei-ve  oflicers'  training  camp  at  Leon  Springs,   Tex. 

B.  K.  Coghlan  has  resigned  as  associate  professor  of  highway 
engineering  at  the  Agricultural  and  Mechanical  College  of  Texas. 
He  i.s  captain  in  the  Engineer  Officers'  Reserve  Corps  and  has 
been  ordered  to  Ft.  Leavenworth. 

E.  O.  Francisco,  who  was  assistant  professor  of  civil  engi- 
.leerinp  at  the  Agricultural  and  Mechanical  College  of  Texas 
during  the  last  session,  has  been  commissioned  a  second  lieuten- 
ant in  the  Engineer  Officers'  Reserve  Corps  and  has  been  or- 
dered to  Fort  Leavenworth. 

Howard  G.  Kelley,  heretofore  vice-president  of  the  Grand 
Trunk  Railway,  has  been  apipointed  president.  Mr.  Kelley  com- 
menced his  railway  career  in  ISSl  on  the  Northern  Pacific  Ry., 
where  he  was  engaged  as  assistant  engineer  on  location,  con- 
struction and  bridge  building.  He  was  attracted  from  the  rail- 
way to  the  mining  field  in  1SS4,  engaging  in  mining  operations 
until  1S87,  when  he  accepted  the  position  of  resident  engineer  and 
superintendent  of  bridges  ai.d  buildings  on  the  St.  Louis  South- 
western Railway  System,  including  the  St.  Louis  Southwestern 
Ry.  of  Texas  and  the  "Tyler  Southeastern  Ry.  In  1890  he  was 
appointed  chief  engineer  of  the  St.  Louis  Southwestern  System, 
a,  position  which  he  held  until  March  1S9S,  when  he  became 
consulting  engineer  of  the  same  road,  holding  at  the  same  time 
the  position  of  chief  engineer  of  the  Minneapolis  &  St.  Louis  R. 
R.  System  and  having  charge  of  the  construction  and  maintenance 
and  real  estate  department.  In  1900  his  responsibilities  were  fur- 
ther added  to  by  his  appointment  to  have  jurisdiction  as  chief 
engineer  of  the  Iowa  Central  Ry.  In  1907  Mr.  Kelley  joined  the 
Grand  Trunk  Railway  System  as  chief  engineer,  four  years  later 
Ijein.g  promoted  to  the  position  of  vice-president.  The  American 
Railway  Engineering  and  Maintenance  of  Way  Association  elected 
nim  president  in  190&  and  he  presided  over  deliberations  of  that 
body  until  March.,  1907.  Mr.  Kelley  has  occupied  the  position  of 
vice-president  in  charge  of  operating,  maintenance  and  construc- 
tion departments  of  the  Grand  Trunk  Railway  System  from  Oc- 
tober, 1911,  to  date. 
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Should  a  Dynamite  ChargeBe  Split 
Into  Tw^o  or  More  Parts  ? 

It  has  long  been  the  custom  of  "powder  experts" 
to  insist  that  an  explosive  is  more  effective  if  con- 
centrated at  the  bottom  of  the  drill  hole.  While  it 
may  be  true  that  a  greater  yardage  of  rock  per  pound 
of  explosive  can  be  broken  in  this  manner,  sight 
should  not  be  lost  of  the  fact  that  the  resulting 
chunks  of  rock  are  often  larger  than  those  secured 
where  explosive  is  also  placed  in  the  upper  part  of 
the  hole. 

In  our  last  month's  Dirt  Mover  and  Pit  Owner  issue 
(p.  143)  we  gave  the  results  of  tests  made  in  blast- 
ing limestone  at  Louisville,  Ky.,  showing  that  the 
most  satisfactory  distribution  of  the  dynamite  (a  75 
per  cent  grade)  consisted  in  concentrating  half  the 
powder  at  the  bottom  and  half  near  the  top  of  each 
hole.  Holes  were  spaced  7  ft.  apart,  and  0.4  lb.  of 
dynamite  per  cubic  yard  of  rock  was  used.  The  re- 
sulting chunks  of  rock  could  then  be  readily  handled 
with  a  steam  shovel. 

There  is  food  for  thought  in  this  successful  de- 
parture from  prevailing  precedent. 


Handling  Boulderswithan  Orange- 
Peel  Bucket 

Nests  of  large  boulders  are  commonly  encountered 
in  New  England  and,  in  fact,  wherever  ancient  gla- 
ciers have  deposited  their  burdens.  A  derrick 
equipped  with  an  orange-peel  bucket  is  often  pref- 
erable to  other  means  of  handling  boulders. 

In  constructing  the  Phelps  Brook  Dam  near  Hart- 
ford, Conn.,  a  relatively  small  clam-shell  (%-yd.) 
handled  boulders  weighing  as  much  as  7  tons.  Of 
course  it  is  practicable  to  dispense  wdth  a  clam-shell 
and  use  chains,  but  the  time  lost  in  placing  chains 
around  the  boulders  is  so  great  as.  to  justify  the  pur- 
chase of  a  clam-shell  if  much  of  this  work  is  to  be 
done. 


The  Use  of  Air- Driven  Chisels  In- 
stead of  Hand  Picks 

In  both  trench  and  tunnel  work  the  old  pick  and 
shovel  method  of  excavation  remains  in  use  under 
certain  conditions.  But  it  is  an  open  question 
whether  the  hand  pick  is  longer  justified  for  such 
work,  provided  the  excavation  is  sufficient  in  quantity 


to  justify  the  installation  of  a  small  air  compressor 
and  air  hammers  equipped  with  chisels. 

In  driving  the  Shore  Tunnel  of  the  Linwood  Ave. 
Intake  at  Milwaukee,  the  contractors,  O'Brien  & 
Jackson  Construction  Co.  of  Chicago  developed  the 
use  of  "air  chisels"  for  loosening  hardpan  and  clay, 
and  found  them  much  to  be  preferred  to  hand  pick 
work.  Small  size  pneumatic  chipping  hammers  were 
equipped  with  chisels  having  bits  1  to  4  ins.  wide, 
the  narrow  bits  for  hardpan  and  the  wide  bits  for 
clay.  The  bit  is  bent  forward  about  4  in.  back  of 
its  cutting  edge,  and  the  air-hammer  is  held  almost 
parallel  with  the  face  of  the  tunnel.  In  clay  one  bit 
would  remove  more  than  a  shovelful.  In  this  way  the 
progress  was  increased  fully  one-third  as  compared 
with  hand  picking. 

In  the  aggregate  there  is  a  vast  amount  of  pick- 
work  in  trenches,  which  could  be  eliminated  by  the 
use  of  air  chisels. 


When  It  Is  Cheaper  to  Drift  than 
to  Lift  Dirt 

A  grader  or  "road  machine"  is  commonly  regarded 
as  being  a  device  not  adapted  for  sidehill  excavation, 
particularly  if  the  cut  is  more  than  2  ft.  or  3  ft.  deep. 
But  it  is  possible,  and  often  economic,  to  make  side- 
hill  cuts  that  are  6  or  8  ft.  deep,  using  graders  to 
push  the  earth  sidewise  from  the  cut  to  the  fill. 

A  recent  issue  of  The  Earth  Mover  illustrated  two 
Western  graders  drawn  by  a  75-H.P.  Holt  caterpillar 
tractor,  on  road  work  at  Peoria,  111.  The  winrow  of 
earth  left  by  the  first  grader  is  shoved  aside  by  the 
second  grader,  so  that  one  trip  of  the  outfit  serves 
to  move  the  earth  laterally  about  10  ft. 

A  tractor  and  grader  can  be  so  operated  that  the 
tractor  may  travel  on  the  partly  graded  roadway 
while  the  grader  itself  travels  off  to  one  side  on  the 
sloping  ground  that  is  being  excavated. 


The    Equalization    of    Wages 
Throughout  America 

Not  many  years  ago  the  wages  of  common  laborers 
in  the  far  west  were  nearly  double  those  of  laborers 
in  the  eastern  states;  but  now  there  is  a  difference 
of  only  25  or  30  per  cent,  and  this  difference  bids  fair 
to  disappear  in  the  near  future.  It  was  predicted 
that  the  opening  of  the  Panama  Canal  would  cause 
such  an  influx  of  European  laborers  that  wages  on 
tlie   Pacific   Coast  would   drop  to  the   level   of  those 
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en  the  Atlantic  Coast.  The  war  prevented  such  a 
flow  of  labor  to  the  far  west,  and  incidentally  raised 
wages  throughout  the  country,  but  proportionately 
more  in  the  east  than  in  the  west. 

Wages  in  the  south  have  also  risen,  but  to  a  less 
degree.  The  rise,  however,  seems  likely  to  be  more 
prolonged  in  the  south,  due  in  part  to  the  shifting 
of  a  considerable  part  of  the  Negro  population  to  the 
northern  states.  Contractors  for  southern  work  that 
will  extend  into  next  year  should  not  lose  sight  of 
the  fact  that  wages  in  th5  south  are  likely  to  con- 
tinue to  rise.  The  whole  country  seems  to  be  headed 
toward  a  $3  daily  wage  for  common  labor,  with  no 
likelihood  of  a  reaction  even  after  the  war  ends. 


What  Is  the  Most  Efficient  Bit  for 
Air-Hammer  Drills? 

In  our  last  Dirt  Mover  and  Pit  Owner  Monthly 
issue  (Aug.  15)  we  published  a  three-page  article 
giving  in  detail  the  results  of  drilling  tests  made 
under  the  direction  of  Prof.  Carroll  R.  Forbes  and 
Joseph  C.  Barton.  The  primary  object  was  to  deter- 
mine the  most  efficient  type  of  drill-bit  for  use  with 
air-hammer  drills,  such  as  the  "Jackhamer."  There 
were  four  types  of  bits  used — 4-point  (or  cross),  6- 
point,  Z-bit,  and  Carr  bit.  The  rock  was  granite.  The 
Carr  and  Z-bits  "save  one-third  in  drilling  time  over 
the  4  and  6-point  bits."     It  was  concluded  that: 

Taking  into  consideration  its  cutting  qualities,  loss  in  gage, 
ease  of  making  and  tempering,  the  Carr  bit  seems  to  be  far  su- 
perior to  all  others,  except  possilily  the  Z  when  used  at  low 
pressure.'. 

The  Carr  bit  is  illustrated  and  fully  described  in 
the  recent  edition  of  Gillette's  "Handbook  of  Rock 
Excavation."  The  inventor  of  this  bit  undertook  to 
design  a  bit  that  would  drill  a  perfectly  round  hole 
of  the  same  diameter  from  top  to  bottom.  In  granite, 
however,  it  is  found  expedient  to  decrease  the  gage 
of  the  Carr  bit  1/16  in.  every  foot,  which  is  only  half 
the  decrease  necessary  with  4  and  6-point  bits. 

Considering  the  economic  importance  of  studying 
the  shape  of  drill  bits  it  is  surprising  that  more  tests 
have  not  been  made  and  the  results  published.  We 
commend  to  our  readers  a  careful  study  of  the  article 
I'bove  mentioned. 


Production  of  Explosives  in  1916. — The  total  pro- 
duction, excluding  exports,  of  explosives  in  the  United 
States  during  the  calendar  year  1916,  according  to 
figures  that  the  Bureau  of  Mines  has  received  from 
manufacturers,  was  505,415,052  pounds  (252,708  short 
tons),  as  compared  with  460,900,796  pounds  (230,450 
short  tons)  in  1915.  The  production  for  1916  is  seg- 
regated as  follows:  Black  powder,  215,575,025 
pounds;  "high"  explosives  other  than  permissible  ex- 
plosives, 255,154,787  pounds;  and  permissible  explo- 
sives, 34,685,240  pounds.  These  figures  represent  an 
increase  of  17,852,725  pounds  of  black  powder,  19,326,- 
200  pounds  of  high  explosives,  and  7,335,331  pounds 
of  permissible  explosives,  as  compared  with  figures 
for  1915. 


Over  8,600,000  25-lb.  kegs  of  black  blasting  powder 
were  used  in  1916  in  this  country  for  mining  and 
other  purposes.  Of  the  total  7,079,000  kegs  were  used 
in  coal  mining,  313,000  kegs  in  other  mining,  428,000 
kegs  in  railway  and  other  construction  work  and  801,- 
000  kegs  for  all  other  purposes. 


Simple  Cost  Accounting   System 

Adaptable  to  Many  Classes 

of  Construction 

By  B.  R.  LEED, 
.\ssistant    Engineer   Edwin    H.   \'are.    Contractor,    Philadel- 
phia, Pa. 

The  cost  accounting  system  described  below  was 
devised  by  the  writer,  and  at  the  present  time  is  be- 
ing used  on  about  a  dozen  contracts  aggregating 
nearly  $2,000,000. 

A  cost  system  of  course  must  be  accurate  to  be  of 
nny  value.  This  system  is  checked  against  the  pay- 
rolls as  drawn,  as  to  labor  costs,  and  further,  the 
payrolls  are  made  up  from  the  daily  reports  which 
form  part  of  the  system  so  that  there  is  a  double 
check  on  the  labor  costs.     No  bills  for  material  are 
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paid  except  they   bear  my   approval,   so  that  I  have 
confidence  in  my  figures  on  the  costs  of  items. 
Labor. 

Labor  costs  are  first  recorded  and  distributed  by 
the  timekeeper  on  the  job.  At  the  start  of  a  contract 
the  timekeeper  is  furnished  with  a  list  of  items  cov- 
ering all  the  work  contemplated  in  the  contract. 
These  items  are  numbered  from  one  up  for  conve- 
nience in  reference  and  recording  costs.  Some  items 
are  subdivided  as  seems  necessary  or  desirable  and 
these  subdivisions  also  are  given  a  number. 

A  daily  report  is  made  out  by  the  timekeeper,  on 
a  form  as  shown  in  Fig.  1,  and  sent  to  the  main  office. 
Referring  to  this  report  it  will  be  seen  that  the  right- 
hand  side  gives  the  labor  classification,  hours,  rates 
and  amounts.  The  left-hand  side  of  the  report  shows 
the   distribution   of  labor.     The  totals   on   each   side 
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Fig.   2 — Sheet   A:     Daily    Labor   Costs   for   Month,    Made   up   from    Totals  of  Various   Items  on   Dally   Report. 


must  balance;  that  is,  as  indicated  in  Fig.  1,  $78.27, 
was  spent  on  different  classes  of  labor,  then  the  dis- 
tribution per  items  must  also  equal  $78.27,  as  shown. 
On  the  reverse  side  of  the  daily  report  is  made  up 
the  list  of  employes,  giving  names  or  numbers,  hours, 
rates   and   amounts.     It   is   from  this  that  the   pay- 


From  the  daily  reports.  Sheet  "A,"  shown  as  Fig. 
2  is  made  up,  by  transferring  the  distribution  of  la- 
bor from  the  daily  reports  to  the  same  items  on  this 
sheet.  A  glance  at  Fig.  1  and  2  will  show  how  this 
is  done  by  referring  to  the  date,  Dec.  21. 

From  Sheet  "A"  the  totals  for  the  month  per  items 
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master  makes  up  the  payroll  (referred  to  in  the  begin- 
ning of  this  article).  Adding  the  amounts  should 
give  the  same  total  as  on  the  face  of  report,  and  this 
is  the  timekeeper's  check  against  his  labor  classifi- 
cation  and   distribution. 


Costs,    Made    up    from    Bills    and      Invoices. 

are  transferred  to  Sheet  No.  1  (see  Fig.  4)  and  en- 
tered under  same  items.  These  monthly  totals  per 
items  as  entered  on  Sheet  No.  1,  are  added  to  the 
previous  current  totals  just  above,  giving  the  cur- 
rent totals  for  the  period  ended. 
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After  getting  the  new  current  totals,  they  are 
transferred  to  Sheet  No.  3  (see  Fig.  6)  and  entered 
under  same  items.  This  completes  the  cycle  of  steps 
in  recording  the  labor  costs. 

This  may  seem  like  unnecessary  work  in  making 
these  three  transfers  of  labor  costs,  as  it  could  be 
done  by  one  transfer  from  the  daily  report  to  Sheet 
No.  3,  but  in  so  doing  it  there  would  be  no  record 
for  each  month  and,  besides,  the  additions  would 
be   done,   anyway,   perhaps   on   scraps   of  paper  that 


are  transferred  to  and  entered  under  same  items  on 
Sheet  No.  3  (see  Fig.  6).  This  sheet  gives  the  com- 
plete current  costs  and  each  month  is  complete  in 
itself  as  the  amounts  thereon  are  not  added  to  pre- 
vious totals  as  on  Sheets  No.  1  and  2,  as  this  has  al- 
ready been  done,  though  separately  for  labor  and 
material  on  Sheets  No.  1  and  2. 

The  system,  in  brief,  consists  of  the  three  columnar 
loose  sheets,  Nos.  1,  2  and.  3,  with  Sheet  "B"  and  the 
daily  report  as  the  sources  of  information  and  Sheet 
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Fig.  5 — Sheet  No.  2:    Summary  of  Monthly  Material  Costs. 


would  not  be  kept,  and  if  at  any  time  it  would  be 
necessary  to  refer  back,  there  would  be  no  record  of 
the  steps  by  which  the  figures  were  obtained. 

My  way  may  be  longer,  but  I  am  able  to  go  back  to 
any  month  and  any  day  of  the  month  if  I  want  to 
trace  any  particular  labor  distribution. 
Materials. 

AH  bills  and  invoices  are  sent  to  the  field  offices 
for  checking  and  distribution  by  the  timekeeper. 

When  returned  to  the  main  office,  they  are  entered 


"A"  as  an  intermediate  though  necessary  link  to  pre- 
serve the  record  complete.  I  have  noted  on  the  va- 
rious sheets  the  steps  necessary  in  using  the  system 
and  a  study  of  these  will  show  any  one  able  to  keep 
costs  the  "how"  of  it,  without  reading  all  that  I  have 
already  described  and  tried  to  explain. 

Columnar  sheets,  11x17  in.,  in  loose  form  are  used. 
For  additional  columns  for  items,  sheets  are  joined 
endwise  with  adhesive  tape. 

The  general  charge  shown  on  the  different  sheets 
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Fig.   6 — Slieet   No.   3:     Summary   of   Labor  and    Material   Costs. 


on  Sheet  "B"  (Fig.  3),  and  distributed  to  the  various 
items  as  indicated  by  the  timekeeper.  As  each  bill 
is  entered  it  is  given  a  number,  and  this  number 
serves  to  show  that  the  bill  is  entered  and  reference 
can  be  made  back  any  time. 

The  distribution  per  items  are  added  up  at  the 
end  of  the  month,  the  totals  carried  forward  and  en- 
■tered  on  Sheet  No.  2  (see  Fig.  5)  and  added  to  the 
previous  current  totals,  just  above,  giving  the  cur- 
rent totals  for  the  period  ended.     The  current  totals 


includes  expenses  which  apply  to  the  contract  as  a 
whole  and  are  distributed  as  noted  on  Sheet  No.  3. 
On  some  contracts  an  item  is  carried  for  plant. 
To  this  is  charged  machinery  and  tools.  This  item  is 
distributed  by  the  same  method  as  general  charge  and 
sometimes  combined  with  general  if  it  is  a  small  ac- 
count. The  entire  amount  for  plant  may  not  be 
charged  against  any  one  contract,  but  only  the  amount 
detei^ined  that  the  plant  has  depreciated  and  interest 
charges. 
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Drag    Line    Excavator  Digs  Tail 
Race  and  Fills  Crib  Dam 

That  a  drag  line  cableway  excavator  can  be  made 
to  perform  a  variety  of  operations  effectively  was 
demonstrated  during  the  construction  of  a  tail-race 
and  crib  dam  for  a  hydro-electric  plant  on  the 
Niobrara  River,  near  Valentine,  Neb. 

The  excavator  first  dug  the  tail-race,  a  canal  30  ft. 
wide  and  about  300  ft.  long,  involving  22,000  cu.  yd. 
of  excavation  in  hard  clay.  Then  the  cableway  was 
set  up  to  span  the  main  river  channel  and  was  used 
to  convey  and  dump  the  stone  into  the  cribs  and  the 
backfill  on  the  upstream  side  of  the  cribs. 

The  canal  was  dug  through  Brule  clay,  requiring 
dynamiting.  This  Brule  clay  shoots  hard  as  it  has 
no  strata,  and  even  40  per  cent  dynamite  is  too  fast 
tor  it.  Black  powder  could  not  be  used  as  the  clay 
is  full  of  water. 

The  method  followed  was  to  shoot  along  one  edge 
of  the  canal  and  while  the  bucket  dug  there  the  drill- 
ers would  work  on  the  other  edge.  Thus  the  exca- 
vator first  dug  two  ditches,  30  ft.  apart,  leaving  a 
hard  core  in  the  center  which  was  taken  out  much 
more  easily  than  the  same  amount  of  material  could 
have  been  excavated  if  the  bucket  had  been  worked 
off  a  face.  Besides,  this  way  of  working  forced  the 
bucket  out  along  the  edges,  resulting  in  the  straight 
banks  shown  in  the  accompanying  view  of  the  com- 
pleted canal. 


drum  of  the  hoist  controlling  the  full  cdble.. '  With 
the  bucket  loaded,  the  tension  line  was  taken  in  on 
the  rear  drum,  the  brake  on  the  front  drum  is  re- 
leased and  the  bucket  traveled  down  the  cableway 
by  gravity.  It  was  dumped  automatically  by  strik- 
ing a  clamp  which  tripped  the  dump  chain.  The  lo- 
cation of  the  dump  had  to  be  changed  three  or  four' 
times  a  day,  which  was  done  by  simply  lowering  the 
track  cable  so  that  a  man  standing  on  the  crib  could 
loosen  the  dump  clamp  and  move  it  along  on  the 
cable.  The  backfill  was  placed  at  the  rate  of  20  yd. 
an  hour.  The  stone  for  the  crib  was  hauled  from  a 
distance,  loaded  into  the  bucket  by  hand  and  placed 
in  the  crib  by  the  same  method  as  the  backfill  was 
placed.  The  stone  was  handled  at  the  rate  of  10  yd. 
an  hour. 


Miami  Conservancy  District  of  Dayton,  O., 

Calls  for  Bids  on  15,000,000  Cu.  Yds. 

of  Earth  Work  and  257,000  Cu. 

Yds.  of  Concrete 

Bids  are  now  being  asked  on  the  first  contracts  for 
the  $23,000,000  flood  prevention  project  of  the  Miami 
Conservancy  District,  of  Dayton,  0.  The  work  adver- 
tised calls  for  about  15,000,000  cu.  yd.  of  excavation 
and  embankment  and  257,000  cu.  yd.  of  concrete.  The 
contracts  cover  the  dams  for  the  retarding  reservoirs 
on   the   Miami.    Mad   and   Stillwater  Rivers    and    the 


Tail    Race    Duq    by    Drag    Line. 


The  excavating  required  35  10-hour  days,  including 
time  lost  each  day  dodging  the  drillers.  The  exca- 
vator moved  a  load  every  two  minutes  when  digging 
at  the  end  of  the  canal  nearest  the  cableway  mast 
and  every  four  minutes  when  digging  at  the  far  end 
of  the  canal. 

The  machine  was  a  Sauerman  dragline  cableway 
excavator  with  '3-yd.  Sauerman  bucket  operated  by 
a  2-drum  American  friction  hoist.  The  operating 
trew  consisted  of  engineer  and  fireman,  signal  man 
and  four  drillers.  The  cost  of  digging  the  canal,  ac- 
cording to  Mr.  Fred  B.  Ryons,  who  superintended 
the  work,  was  about  20  ct.  per  cubic  yard.  The  cost 
includes  about  $1,000  for  dynamite. 

The  excavator  was  equally  useful  when  the  cable- 
way  was  reset  spanning  the  stream  and  the  bucket 
was  worked  backwards  to  carry  out  the  stone  and 
backfill  for  the  crib. 

The  material  for  the  backfill  was  taken  from  the 
pile  of  clay  excavated  from  the  canal,  moved  by 
wheelers  and  dumped  near  the  foot  of  the  cableway 
mast.  By  releasing  the  tension  cable  the  engineer 
dropped  the  bucket  onto  the  material  at  the  foot  of 
the  riiast  and  filled  the  bucket  by  starting  the  front 


Filling    Crib    Worl<    by    Means   of    Drag    Line. 

Twin  and  Loraine  Creeks,  and  also  a  considerable 
amount  on  river  channel  rectification  at  Dayton  and 
Hamilton. 

Bids  are  asked  on  12    contracts,    the    approximate 
quantities  on  each  job  being  as  follows: 


Paving 

Iro'i 

Con-                                         Exca- 

Embank- 

Con- 

and 

and 

tract                                           vaticn, 

ment, 

crete. 

riprap, 

steel. 

Nf 

).        Work.                         cu.  yd. 

cu.  yd. 

eu.  yd. 

cu.  yd. 

tons. 

1 

Germantown  Dam...      200,000 

S50.000 

20.000 

1,000 

120 

\> 

Knglewood    Dam 375,000 

3,500,000 

08,000 

2,000 

ISO 

:', 

Loclvington     Dam...       200,000 

1,000,000 

37.000 

1,000 

50 

1 

Tavlorsville    Dam...      750,000 

1,100,000 

57,000 

5,000 

400 

5-. 

Huffman    Dam .'iOO.OOO 

1,400,000 

45,000 

1,500 

400 

RIVER  IMPROVEMENT 

(1) 

(2) 

(3) 

41 

Miami    at    Dayton 

65,000 

i?. 

Miami   at   Dayton...      Sr.O.OOO 

80,000 

25,000 

n 

Miami   at   Dayton...      465,000 

205,000 

3,500 

44 

Miami    at   Dayton...  1,000.000 

035.000 

2,000 

4;.. 

Mad.    at    Dayton 20.000 

35.000 

1,500 

4(; 

Wolfe  at  Dayton 8D.000 

25,000 

1,400 

r.8. 

Miami   at   Hamilton.    1,900,000 

27,000 

275* 

111  Channel  excavation.    (2)  Levee  embankment.    f3)  Concrete 
in    reraining  walls   and    revetment; 
'I;e:nforcing-  steel. 

The  bids  will  be  received  until  2  p.  m.,  Nov.  15,'  by 
Ezra  M.  Kuhns,  secretary  Miami  Conservancy  Dis- 
trict, Dayton,  0.  Arthur  E.  Morgan  is  chief  engineer 
of  the  district.  . 
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Methods    and    Costs    of  Cross    Cut-  ^"^  ^^Y  °*  creating  an  erroneous  impression  re- 

garding  the  use  of  some  particular  drill,  it  was  de- 

tin^  in  Mines  of  Amador  clded  not  to  mention  the  make,  but  simply  to  divide 

r^r»nnf\r    r^«alifrkrnici  ^^^  drills  into  two  classes,  piston  drills  using  solid 

\^OUniy,  \^dlllOrUia  ^^.^gj^  ^^^^j  hammer  drills  using  water  through  hollow 

Important  factors  in  cross  cutting  based  on  actual  steel.    In  practically  all  of  the  operations  1-ton,  steel, 

mining  operations  are  outlined  by  Mr.  Edwin  Higgins  end-dump   cars   were   used,   and   shoveling  was   done 

in  a  bulletin  issued  on  July  1  by  the  California  Metal  either  from  a  steel  sheet  or  from  planks.   Hand-tram- 

Producers'  Association.     The  data  are  the  result  of  ming  was  used  in  all  of  the  operations  except  No.  3,  in 

an  investigation  conducted  at  the  mines  in  Amador  which  mules  were  used.    The  track  gage  in  all  cases 

County,    California.     The   matter   following   is  taken  was  18  in.,  and  16-lb.  rails  were  used  except  in  opera- 

from  the  bulletin.  tions  Nos.  6  and  10,  where  12-lb.  rails  were  used.   No. 

A  summary  of  the  data  relating  to  the  driving  of  10  timber  was  used,  except  in  operations  Nos.  5,  6  and  7, 

cross   cuts   in   various   California   mines   is   given   in  which  required  a  few  sets  each. 

Table  I.    In  this  table  costs  are  figured  only  on  labor  Additional  Notes  on  the  Various  Operations. 

and  explosives,  the  following  charges  being  made  for  ^         ^.         »t      ,      r,^,  ■  ,  j         ■     -.^t   i.r. 

labor:    Drill  men,  $3;   chuck  tenders  and  muckers,         ^P"l\!""f,^?\^  =  .  ^^'^  T,''}'  "^""^  '^""^  '"  ^^^^'  ^^^ 

52  cQ  cost  of  the  94  ft.  being  as  follows: 

^    ■      ■  Percentage 

All  the  cross  cuts  are  in  the  hard  greenstone  of  _  "'os't'' 

Amador  County  except  operation  No.  8  (hanging  wall  Drilling  (labor)    $  295.25         41.2' 

slate),  operation  No.  9  (andesite  and  schist)  and  suroHef  !'".'^..'';^"!™'.".^::: :: ■.■.■.::::::: :::::::   "l.lo       %l 

operation  No.  10   (slate).     Five  degrees  of  hardness  Powder  (at  ii  c't.  per  iij.) isi.45  25.2 

were  selected.  No.  5  being  the  hardest.     Most  of  the  Total   $   717.70 

,  .         J  .J.  ,      ,        J  or  $7.63  per  ft. 

rock  encountered  was  uniformly  hard. 

Operation  No.  2:    Of  the  346  ft.,  239  were  driven  in 

1916  and   107  ft.   in   1917.     The   1916  costs  were   as 

TABLE    I.— DATA    RELATWE    TO    THE    DRIVING    OF    TEN  fnllnws- 

CROSS  CUTS  IN  VARIOUS  CALIFORNIA  MINES.  1UUOW&.  Percentage 

c"  £  X  rtS        g"  of  total 

S  _  tf  .        S  _  .  ^       ^  Cost.  cost. 

"S        -r  "  .  S£        i  =  «•        £   .        £  Drilling  (labor)    $    785.25  31.4 

^     -o  £  c  ~^        -^^         ^  '3        SS  Mucking  and  tramming    5S3.25  23.3 

gj,      o  «^  -2  jjc"       'S§         ,^  ,„        "3        o  Powder    946.45  37.9 

e        c  o^         5  **"  ^         °-  °£c  Traclj.  ties  and  incidentals  186.43  7.4 

."So     -2  .       o».-         '■£  »^        is         Sl  c        t.^d'    Ov  Total     $2,501.38 

Z»°    B^      iS         ^  >^       i&        ^S  5       -^^^    a^  or   $10.46   per  ft.. 

15         94     6     x8-    Fair    Various    1.5      Piston    Cross    85-90    &^-C  The  COSts  during  1917    (107  ft.)    were  as  follows: 

2  5       346     7     x9      Fair    Various    1.5       Water      Carr    85-90    S'/s-e  Percentage 

Hammer  „     ,  of  total 

Water  Cost.  cost. 

3  4       100     5     x6%  Good       1000       ...     Hammer    Carr       90      5  Drilling    (labor) $    |92.00  27.6 

Stoper  Jlucl-ing  and  trammmg   327. OU  iD.i) 

4  4       500     6    X914  Fair         275       0.2       AVater     Carr    90-95    5  ?,"PPj'^^ ,  •;  V.;  ■  ■; ;{:  { JHn  ^?'? 

Hammer  Powder  (at  17  ct.  per  lb.) 354.20  33.5 

"VVater  

5  4       427     5%x7       Poor      1318       5        Hammer  Cross    70-90    5     -6  Total    $1,057.40 

6  5       172     7     x9      Poor         140       0.66     Piston     Cross      75       5     -6  or  $9.88  per  tt. 

I   U  Wo    I   II     IZr     iifo     'o%i   ^It^    8?Sii    l"o     i^-'  Operation  No.  3:    Firing  was  done  electrically  from 

9     4-5  150    J    x'^  Fair  85       ...        Water    Cross      90       5-6  a  110-Volt  line  with  Switch,  USing  delay  exploderS. 

10    3     432    5x7     Poor      210     1.5    "^l^t'Sr  Cross     85      5  Cycle  of  Operations :    Machinemangoes  to  work  at 

t.  i,         i       ^li  7:00  a.  m.,  finding  clean  set-up.    He  drills  and  shoots 

»       H  fee's.  g  f  "•      ""I  at  about  3:00  o'clock.    Two  muckers  go  on  at  7:30  p. 

I       •=  *j.-||   .  .       5  o.        o         I       fcS  m-.  muck  out,  clean  up  and  put  in  platform  for  next 

■=  .     -2  .        gS  ^.^  SS       'S  "        ■"  I  .     °'«a  shift.     All  drill  parts  are  kept  available  in  duplicate. 

.     °§     C§        gSCt-  ?,=       '='2  °        ■c'S       ^S    -I  Operation  No.  4:    Practically  same  cycle  of  opera- 

11°     1°       <^i°'i^       i^         m        i=       3°o-  tions   as   No.   3,   except  that  two   shifts   are   worked. 

30%  Machineman  comes  on  to  a  clean  set-up,  drilling  and 

1  15-16     3        1.5-2  2    DP     Comet     6x     Ammo-     62    $6.12  .hooting  about  3:30  p.  m.     Two  muckers  come  on  at 

2  15-16    1-1^4        2    DP     comet     6x     aL°So-     62     3.82  4 :00  p.  m.  and  muck  back  for  a  clean  set-up.      They 

Gel.  muck  out  their  round,  machineman  coming  on  at  7:00 

3  16       1        4.25    1    DP      Delay  ^5%       50     3.62  ^    ^^      He  drills  and  shoots  at  about  3 :30  a.  m.     Two 

,  ,     „    DP      Delay  Dyn.  muckers  come  on  at  4:00  a.  m.  and  muck  back  SO  that 

4  lb  1  4.5       2  Expl.  35%  50       3.4.;  .  ,     „    nn  mi    i. 

Gel.  a  machineman  coming  on  at  7:00  a.  m.  will  have  a 

5  11-13       1%       2.60     1     DP      Special      6x  40%'  clean   Set-Up. 

Dyn        ^^     ^'^^  Since  this  work  was  done  a  change  has  been  made 

c      15       2        2       3    DP     Pacific     6x     AmnV     50     5.87  which  has  resulted  in  greater  efficiency.     The  1%-in 

Gel.  round,  hollow  steel,  with  cross  bit,  one  set  of  which 

7  12       1        5       2    c       Pacific     6x     Ammo-     62     3.94  Sufficed  to  drill  only  One  hole,  has  been  discarded  in 

8  11       ly.     3.C6    3    DP.   Aneroid    6x       ?o%       30     4.07  favor  of   1-in.   hexagon,  hollow  steel,  with   Carr  bit 

Nit.  Drilling  speed  has  increased  25  per  cent  or  more  and 

^5'%  the  new  steel  drills  from  five  to  eight  holes  without 

9  12       5/?     5       3    DP     Pacific     6x     -^mmo-     3S     3.07  resharpening.     The   drill   has  been   equipped  with   a 

40%  striking  block,  or  anvil  block. 

10      8-10        5/8       4.5      1     C         Pacific       6x       Ammo-      30       3.36  .  '  ,,,..,,.  ,  ,  •.. 

Gel.  Operation  No.  5:    Most  of  this  work  was  done  with 

^onus  paid:  Machinemen  received  $3  per  day:  chuck  tenders  one  drillman  On  the  first  shift  and  one  mucker  on  the 

tn''m'?r?eclive¥''"5'"c'i^wr  day'aliTtionar-  '""■  ^°  "'  *"'  """'  second  shift.    The  426.5  ft.  were  driven  in  the  period 
'      •           •                ■                               (46) 
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Percentage 

Cost 

of  total 

per 

cost. 

toot. 

l.S 

$0.12* 

36.9 

2.54 

17.8 

1.22 

22.8 

1.59 

0.6 

0.04 

20.1 

1.38 

100.0 

$6.89 

from  July,  1916,  to  February,  1917,  at  the  following 
cost: 

Cost. 

Timbering     $      51. SS 

Drilling-    1.0S4.16 

Mucking  and  tramming  521.73 

Explosives     t,"0'.48 

Candles     18.60 

Hoisting     591.10 

Total     $3,937.95 

'Not  timbered  throughout. 

163.5  drill-shifts  were  worked,  which  gives  an  aver- 
age advance  of  2.6  ft.  per  drill  shift. 

Operation  No.  6:  The  cost  for  the  172  ft.  was  $1,255 
($7.30  per  ft.),  which  does  not  include  air,  hoisting, 
drill  sharpening  or  superintendence.  The  work  was 
done  in  July,  1916. 

Operation  No.  7:  Drillers  and  muckers  made  from 
$4  to  $4.50  per  foot  on  contract.  Ventilation  was  by 
compressed  air,  with  water  spray  used  after  shooting. 

Cycle  of  operations:  Driller,  chuck  tender  and  two 
muckers  came  on  at  7:00  a.  m.  Machine  was  set  up 
for  back  and  breast  holes  and  muckers  started  muck- 
ing. By  noon  the  round  was  half  drilled  and  the 
muck  was  all  out.  After  dinner  the  round  was 
finished,  muckers  putting  in  track  and  platform. 
Shot  at  3:20,  blowing  out  with  compressed  air.  Next 
shift  comes  on  at  6:00  p.  m.  and  has  the  same  cycle  of 
operations. 

Following  is  detailed  cost  per  foot: 

Driller.s  (2,1    S        2.7s 

Trammers  and  shovelers   ^-^^ 

Timbermen     '30 

Ponder     'J^ 

Fuse     19 

Caps     06 

Candles     .10 

Timber     

Power     


.58 


$        9.0] 

Cost  per  foot  for  1,015  ft.  of  drifting  under  all  con- 
ditions; all  timbered  and  from  soft  to  very  heavy 
ground: 


DriUeis     

Engineers    

Trammers  and  shovelers 

Tiinbermen     

Powder  

Fuse    

Caps    

Candles    

Timber    

Power    


3.81 

1.20 

1.19 

.13 

.05 

.20 

1.90 

.60 

$  lli.lO 

Operation  No.  9:     Detailed  cost  for  150  ft.  of  cross 
cut: 

E^xplosives     i  1^2-55 

Steel    20.00 

Timber    37.30 

Pipe     22.a0 

Ai?    20.00 

Labor 993.60 


Total    $l,235.i0 

or  $8.24  per  ft. 

Track,  superintendence,  surveying  and  power  bring 
the  total  cost  up  to  $10.34  per  foot. 

Cycle  of  Operations:  Start  setting  up  horizontal 
bar  and  machine  at  7:00  a.  m.  Top  holes  drilled  by 
noon  and  by  the  time  muckers  had  the  previous  round 
mucked  out;  would  then  tear  down  and  set  up  for  the 
lifters.  Round  would  be  ready  to  shoot  by  2:00  p.  m. 
This  operation  continued  for  three  shifts. 

Operation  No.  10:  The  best  progress  was  53  ft. 
over  a  10  day  period,  or  at  the  rate  of  160  ft.  per  30 
days.  The  average  rate  was  about  120  ft.  per  month. 
Actual  drilling  time  for  a  round  was  5  hr.,  setting  up 
and  tearing  down  taking  up  2  hr. 

Expenses  over  a  distance  of  100  ft.: 

$ 


700  lb.  powor.  at  17  ct 

220  caps,  at  $1.30  per  100 

1320  ft.  fuse,  at  $S-.20  per  100  ft 
160  lb.  steel,  at  $0,093  ct.  per  lb. 
100  ft,  2-in.  pipe,  at  16  ct.  per  ft 


119.00 
2.86 
6.86 
14.90 

16.00 


Contract   100   ft.,    at   $4.50   per   ft 450.00 

Air    20.00 


Track,  superintendence,  surveying,  assaying,  ap- 
portionment of  power,  hoisting,  etc.,  bring  the  cost 
up  about  $3.60  per  ft.,  making  the  total  cost  $9.90 
per  ft. 

All  drilling  and  shooting  was  done  on  day  shift. 
Mucking  and  laying  planks  and  track  was  done  on 
night  shift. 

378.5  man-shifts  were  worked,  or  153  shifts  day 
and  night. 

Comments  on  the  Various  Operations. 
Nos.  1  and  2:  These  two  operations  afford  a  fair 
comparison  of  the  solid-steel,  piston  drill,  as  com- 
pared with  that  of  the  water  hammer  drill.  The  94  ft. 
of  operation  No.  1  were  driven  with  a  piston  drill, 
5  shifts  being  required  to  put  in  a  round  of  holes. 
At  this  point  (see  operation  No.  2)  a  change  was 
made  to  the  water-hammer  drill,  after  which  a  round 
of  holes  was  drilled  in  from  1  to  1^2  shifts. 

Attention  is  directed  to  the  greater  percentage  of 
total  cost  chargeable  to  drilling  in  operation  No.  1,  as 
compared  with  No.  2.  The  increased  cost  of  ex- 
plosives and  supplies  in  operation  No.  2  is  due  largely 
to  the  increase  in  the  cost  of  these  materials  in  1916 
and  1917. 

No.  3 :  This  is  one  of  two  operations  out  of  the  ten 
in  which  delay  exploders  were  used.  A  minimum  of 
misfires  occurred  and  results  were  reported  better 
Ihan  blasting  with  cap  and  fuse.  This  cross  cut  was 
run  with  a  hammer  stoper  and  good  progress  was 
made.  The  section  of  the  drift  was  small  compared 
with  the  other  operations.  It  was  reported  that  the 
fact  that  drilling  was  done  on  one  shift  and  mucking 
on  the  next  made  for  economy,  but  not  speed.  Keep- 
ing of  drill  parts  in  duplicate  was  an  important  factor 
in  lessening  delays. 

No.  4:  This  was  an  efficient  operation.  Note  that 
the  muckers  came  on  three  hours  ahead  of  the  drill- 
ers. A  very  important  bit  of  information  was  brought 
out  at  this  mine,  namely:  the  change  from  1%  in. 
hollow,  round  steeel,  with  cross  bit,  to  1-in.  hollow, 
hexagonal  steel,  with  Carr  bit,  which  greatly  in- 
creased the  drilling  speed  and  the  number  of  holes 
that  could  be  drilled  with  one  set  of  steel. 

No.  6:  The  striking  feature  here  is  the  slow 
progress  made  with  the  solid-steel,  piston  drill. 

No.  7:  This  is  a  case  in  which  good  progress  was 
made  with  the  piston  drill.  However,  the  ground  was 
not  of  the  hardest  at  all  times  and  the  fact  that  the 
work  was  done  on  contract  had  some  effect  on  the 
speed.    The  detailed  costs  are  interesting. 

No.  8:  This  operation  is  a  striking  illustration  of 
what  can  be  done  in  cross  cutting  by  day's  pay  plus 
a  bonus.  An  average  of  77  ft.  was  made  every  week. 
A  little  figuring  will  show  plainly  that  the  company 
was  the  gainer  by  paying  the  bonus. 

No.  9:  This  operation  showed  the  lowest  cost  in 
labor  and  explosives. 

No.  10 :  The  total  cost  shown  for  this  operation  was 
abnormally  high,  for  the  reason  that  there  was  no 
other  work  being  done  in  the  mine  and  all  charges 
were  directed  towards  this  one  cross  cut.  The  prog- 
ress was  excellent,  but  on  account  of  the  fact  that  the 
ground  was  not  as  hard  as  any  of  the  other  operations 
it  is  hardly  fair  to  use  this  operation  in  comparison 
with  the  others. 

As  indicated  previously,  it  is  believed  that  Opera- 
tions 1  and  2  afford  the  best  comparison  between  the 
.^olid-steel,  piston  and  the  water-hammer  drills.   How- 
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ever,  one  such  operation  cannot  be  taken  as  con- 
clusive. While  comparisons  from  the  table  are  by  no 
means  accurate,  on  account  of  varying  conditions,  it 
is  of  interest  to  note  the  following:  Omitting  opera- 
tion No.  10,  the  average  number  of  shifts  required  to 
drill  one  round  of  holes  was  1.81  for  solid-steel,  piston 
drills,  and  1.14  for  the  water-hammer  drills.  The 
average  advance  per  drill-shift  was  3.10  ft.  for  the 
piston  drills,  and  4.07  ft.  for  the  water-hammer  drills. 
The  average  cost  per  foot  in  labor  and  explosives  was 
$5  for  the  piston  drills,  and  $3.66  for  the  water-ham- 
mer drills. 

Making  a  further  distinction,  the  average  cost  per 
foot  in  labor  and  explosives  shows  $3.62  for  the  water- 
hammer  drills  using  the  Carr  bit;  $3.72  for  the  water- 
hammer  drills  using  the  cross  bit,  and  $5  for  solid- 
steel  piston  drills,  with  cross  bit. 

Important   Considerations. 
Based  on  the  information  secured  during  this  in- 
vestigation,   the    following    conclusions    and    sugges- 
tions are  offered: 

In  the  hard  greenstone  and  slate  found  in  the 
Amador  County  mines,  the  water-hammer  type  of 
drill  is  superior  to  the  solid-steel  piston  drill. 

Apparently  the  Carr  bit  does  faster  work  in  this 
rock. 

Working  by  day's  pay  with  a  bonus  makes  for  speed 
and  economy. 

The  use  of  1-in.  hollow,  hexagonal  steel,  with  Carr 
bit,  as  against  IVi-in.  hollow,  round  steel,  with  cross 
bit,  makes  for  speed  and  economy. 

It  was  brought  out  that  in  an  operation  the  same 
progress  was  made  by  working  two  shifts  as  had 
previously  been  made  working  three  shifts.  This  was 
due  chiefly  to  the  fact  that  the  ventilation  was  very 
poor.  The  further  fact  was  brought  out  that  in  poorly 
ventilated  headings  the  efficiency  of  the  men  is  often 
impaired,  and  sometimes  they  are  entirely  overcome, 
by  powder  gas.  It  appears  that  this  trouble  is  more 
acute  where  the  rock  is  hard.  Best  results  seem  to 
have  been  attained  by  blowing  out  the  heading  with 
a  combined  air  and  water  spray  after  blasting.  Where 
water  is  available  the  muck  pile  should  be  sprayed 
from  time  to  time,  as  an  aid  in  keeping  down  pow- 
der gas. 

Inasmuch  as  the  prime  factor  in  drilling  efficiency 
is  the  force  and  frequency  of  the  blow  struck  by  the 
drill,  it  is  of  importance  to  keep  compressors  working 
up  to  efficiency  and  to  watch  carefully  for  leaks  in 
the  air  line  so  that  the  proper  pressure  may  be  main- 
tained at  the  drill. 

Drilling  economy  may  be  secured  by  conducting 
experiments  on  the  proper  strength  and  amount  of 
powder  to  be  used,  the  kind  of  bit  to  be  used  and  the 
proper  number,  angle  and  size  of  drill  holes. 

Electrical  blasting  is  recommended  where  current 
is  available. 

The  keeping  of  detailed  costs  on  each  operation 
enables  the  operator  to  estimate  closely  the  cost  of 
proposed  work.  It  also  affords  a  check  on  work  in 
progress,  the  operator  at  any  time  being  able  to  locate 
any  item  that  might  be  causing  an  unnecessary  in- 
crease in  cost. 

Costly  delays  may  be  eliminated  by  keeping  dupli- 
cate drill  parts  close  at  hand. 

Misfires  are  a  most  important  factor  in  causing 
delays.  It  is  recommended  that  records  be  kept  of 
misfires  so  that  remedial  measures  may  be  taken 
should  they  exceed  2  per  cent. 

A  good  drill-steel  blacksmith  is  an  absolute  neces 
sity  for  efficient  work. 


Ordering,  Transporting,  Handling, 

Setting  and  Driving  Sheet 

Piling  for  Cofferdam 

for  1,000  ft.  Pier 

In  the  construction  of  the  1,000  ft.  pier  at  West 
46th  St.,  New  York  City,  a  cofferdam  of  Lackawanna 
steel  sheet  piling  was  employed.  This  cofferdam  was 
a  cellular  structure,  designed  for  a  pressure  head,  of 
soft  mud  and  water,  of  about  65  ft.  The  cellular 
spaces  were  filled  with  earth  and  clay  to  form  the 
water  seal,  and  were  held  against  external  pressure 
by  an  embankment  of  riprap  or  broken  stone.  The 
steel  sheet  piling  forming  the  cellular  spaces  was  in 
single  pieces,  many  of  which  were  more  than  70  ft. 
long.  The  various  features  in  the  design  and  con- 
struction of  this  cofferdam  were  described  by  Mr. 
Charles  W.  Stamford  in  a  paper*  presented  March 
7,  last,  before  the  American  Society  of  Civil  En- 
gineers. In  a  discussion  of  the  paper  in  the  August 
Proceedings  of  the  Society,  Mr.  F.  E.  Cudworth 
describes  the  practical  details  of  the  ordering,  trans- 
porting, hauling,  setting  and  driving  of  the  steel 
sheet  piling. 

Fortunately  for  the  ordering,  the  Department  of 
Docks  and  Ferries  had  complete  data,  as  a  wooden 
pile  with  a  steel  shoe  had  been  driven  at, the  corner 
of  each  cell  or  pocket,  down  to  rock.  From  the  rock 
elevation  thus  obtained,  and  assuming  a  plane  sur- 
face between  the  corners,  a  schedule  of  piles  were 
made  up  in  lengths  varying  by  3  in.  There  were 
finally  more  than  3500  piles  in  the  order.  If  any  one 
has  a  similar  order  to  make  up,  it  would  be  better  to 
use  1  ft.  as  the  variation  in  length,  so  as  to  have  to 
deal  with  a  less  number  of  diflferent  lengths. 

After  giving  the  matter  some  thought,  it  was  de- 
cided to  record  the  pile  data  on  loose  leaves  in  book 
form,  of  a  size  that  could  be  readily  carried  in  the 
pocket.  The  pages  contained  the  necessary  informa- 
tion for  the  rolling  mill,  the  contractor,  and  the  Dock 
Department,  and  copies  of  the  books  were  sent  to  all 
parties  concerned.  As  each  then  had  the  same  in- 
formation, correspondence  and  conversation  could  be 
readily  carried  on. 

The  Lackawanna  pile,  in  cross-section,  is  sym- 
metrical as  to  the  ends,  but  not  the  sides,  therefore, 
the  names  of  "right  hand"  and  "left  hand"  were 
adopted,  on  account  of  the  resemblance  of  the  cross- 
section  to  the  hand,  when  looked  at  from  the  thumb 
side.  All  specials  were  made  by  splitting  the  piles 
&nd  using  the  halves,  so  that  the  end  section  must 
present  a  certain  outline  to  suit  the  closing  of  a  pocket 
with  a  fixed  number  of  piles — if  an  odd  number,  one 
outline,  if  an  even  number,  a  different  outline — so  this 
end  section  had  to  be  shown  also.  The  number  of 
piles  in  the  side  of  a  pocket  was  finally  decided  on  as 
an  even  number.  This  made  the  three  wings  of  a 
Y-pile  show  right-handed  in  plan.  The  book  solved 
this  problem,  as  it  gave  the  same  information  to  all 
persons  connected  with  the  work,  from  the  mill  to  the 
foreman  who  drove  the  piles,  and  the  officials  who  in- 
spected them. 

The  next  problem  came  in  the  handling.  On  the 
first  few  cars  the  piles  were  in  no  particular  order, 
different  cars  even  became  mixed  on  the  railroad 
lighter  and  in  handling  them  from  the  railroad  lighter 
to   the  contractor's   lighter,   or  to  the   scows   on  the 
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work,  so  that  finding  a  pile  of  the  required  length  was 
quite  a  task,  and  the  loss  of  time  increased  the  cost. 
The  manner  of  handling  the  piles  was  discussed  by 
the  contractor's  force  and  the  railroad  company,  and 
finally  it  was  arranged  to  have  the  piles  loaded  in  the 
reverse  order  to  that  in  which  they  were  to  be  driven. 
The  piles  were  stacked  in  groups  of  about  eleven 
pieces  each,  with  a  maximum  weight  of  about  11  tons 
per  group.  These  groups  were  put  on  two  cars,  three 
groups  sideways  and  two  groups  high,  separated  both 


^^^^^^^^^^^n^ 


Fig.    1 — Guide   for   Entering    Pile. 

horizontally  and  vertically  by  blocking,  so  that  the 
groups  were  unloaded  as  units  in  Jersey  City.  The 
groups  were  then  transferred  in  wire  rope  slings  from 
the  railroad  lighter  to  the  contractor's  lighter  or  to  a 
scow,  from  which  they  could  be  lifted  one  at  a  time  by 
the  contractor's  lighter.  As  each  single  pile  was 
placed,  the  next  one  wanted  was  found  on  the  top  of 
the  group,  and  from  one  group  they  went  to  the  next, 
and  so  on.  This  brought  order  and  economy,  whereas, 
ht  one  time  it  was  thought  that  a  large  piece  of  ground 
would  be  required  for  sorting,  with  a  crane  or  a 
lighter  to  do  the  work. 

The  next  operation  was  setting  the  piling.  A  lighter 


Fig.   2 — Spring    Clamp   for   Attaching   Tag    Line   to    Pile. 

was  brought  from  Boston  for  this  purpose,  but,  in 
sketching  it  in  on  the  plan  at  the  time  the  piling  was 
ordered,  it  was  found  that  the  round  corner  of  the 
coffer  would  not  admit  of  placing  the  lighter  so  that 
it  could  do  the  work.  To  accomplish  this,  and  also 
drive  the  clusters  of  land  piles  for  tying  back  the  cut- 
off wall,  two  booms  were  put  on  a  floating  pile-driver; 
this  was  done  in  order  to  avoid  bringing  in  a  land 
driver  for  a  few  clusters;  one  boom  held  th'e  leads  and 
hammer  and  the  other  handled  the  pile.     In  this  way 


the  land  piles  could  then  be  driven  and  the  lighter 
could  be  taken  into  the  round  corner  of  the  dam  "head 
on,"  in  order  to  set  the  steel  piles.  The  driver  had 
Rttle  freeboard,  but  this  was  remedied  by  closing  the 
forward  hatch  to  keep  the  water  from  flooding  the 
hold. 

It  might  be  thought  that  the  setting  of  the  piles 
could  be  done  easily,  but,  with  the  end  of  the  previous- 
ly driven  pile  20  ft.  above  the  water,  and  with  a  pile 
from  50  to  70  ft.  long  swinging  in  the  air  from  a  boom, 
r.nd  the  pile-driver  or  lighter  moving  with  the  wind 
and  boat  swells,  it  will  be  realized  that  it  was  quite 
difficult.  It  is  necessary  to  enter  the  Lackawanna 
pile  from  the  end,  and  as  the  clearance  is  only  Vs. 
cr  1/4  in.,  this  is  not  easily  done,  and  there  is  a  chance 
that  the  man  guiding  the  pile  may  lose  a  finger  or 
two.  Light  ladders,  with  a  strong  hook  in  the  side, 
so  that  they  would  hang  to  the  top  of  the  pile,  were 
provided,  and  were  better  than  a  boatswain's  chair, 
as  the  man  was  on  something  more  nearly  stationary. 
The  next  thing  was  to  steer  the  pile  into  place.  Va- 
rious schemes  were  suggested,  and  finally  a  guide 
(Fig.   1)    was  made  from  a  piece  of  piling  about  5 
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HORIZONTAL  CROSS-SECTION    LOOKING  DOWNWARD 

Fig.    3 — Attachment    to    Hold    Hammer   on    Pile. 

in.  long,  with  a  swivel-eye  for  a  safety  line,  so  that 
it  would  not  be  lost  if  it  fell  overboard.  This  guide 
was  held  in  place  on  top  of  the  pile  with  light  flat- 
jaw  pieces  on  each  side,  and  had  the  "thumb,"  as 
that  part  of  the  lock  on  the  pilings  was  called,  cut 
out.  The  weight  of  the  guide  was  reduced  to  11  lb. 
by  cutting.  An  operator,  skilled  in  handling  a  lighter, 
could  lower  the  pile  within  the  distance  of  the  height 
cf  this  guide;  it  could  then  be  pulled  into  place,  and 
would  be  held  by  the  "finger"  of  the  guide  until 
lowered.  This  was  a  time  saver  and  good  accident 
insurance. 

The  tag  line  at  first  was  tied  to  the  lower  end  of 
the  pile,  and  two  men  on  two  lines  held  the  swing  of 
the  pile,  and  helped  the  guide  man.  It  took  time  to 
]:ut  on  this  rope,  and  more  time  when  the  pile  was 
up  in  the  air,  to  take  it  off.  A  little  spring  clamp 
(Fig.  2)  was  finally  made,  with  a  swivel-eye  for  at- 
taching the  tag-lines.  The  clamp  was  fastened  to 
the  pile  with  a  screw  bolt  having  a  lever  handle,  and 
',his  could  be  put  on  and  taken  off  in  a  few  seconds. 
The  weight  of  the  clamp  was  14  lb. 
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The  best  day's  work  in  setting,  with  one  lighter, 
after  the  crew  had  been  well  broken  in,  was  in  one 
case  98  pieces  70  ft.  long,  and  in  another  case  129 
pieces,  from  20  to  25  ft.  long,  in  8  hours.  In  the  lat- 
ter instance  the  average  was  16  piles  per  hour,  or  a 
pile  in  a  little  less  than  4  minutes.  Thus,  seconds  cut 
off  in  different  ways  were  important. 

After  the  setting  came  the  driving.  The  idea  was 
to  use  the  pile-driver  boom  and  the  lighter  boom,  and 
do  away  with  the  clumsy  hanging  leads.  This  is  diffi- 
tult,  even  when  the  suspension  is  from  a  lapd  ma- 
chine, but,  with  a  floating  machine,  moving  around 
and  bobbing  up  and  down,  it  is  still  more  difficult. 
The  first  trouble  was  to  get  the  hammer  on  the  pile 
when  up  in  the  air,  the  ne.xt  to  keep  it  there,  and 
lastly  (but  still  important),  to  keep  it  correctly  lined 
up  with  the  pile,  so  that  the  blows  would  be  in  the 
right   direction   to   do  the  most  good. 

Finally,  an  attachment  was  designed  to  be  placed 
on  the  corners  of  the  hammer.  This  projected  like  a 
double  clothes-pin.  The  hammer  was  the  body  of 
the  clothes-pin  and  the  attachments  were  the  prongs. 
This  was  built  in  iron  and  later  in  wood.  Fig.  3 
shows  the  design  for  the  arch-web  style  of  pile;  the 
arrangement  for  the  straight-web  pile  section  was 
similar.  A  double  set  of  prongs — making  two  slots — 
was  used,  so  that,  by  placing  the  piles  in  one  slot, 
either  three  or  one  could  be  driven,  and  by  using  the 
other  slot,  two  piles  could  be  covered.  The  idea  was 
to  drive  three  piles  at  a  time  when  they  drove  easily, 
vhen  two  piles,  when  the  driving  was  harder,  and 
finish  by  driving  one  pile  at  a  time,  with  a  follower. 
This  arrangement  worked  well,  and  allowed  the  lift- 
ing tackle  to  be  even  entirely  slacked  off,  if  desirable. 
In  fact,  the  hammer  would  work  on  the  pile  without 
being  otherwise  supported. 


Grade  Separation 

The  following  suggestions  on  handling  grade  sep- 
aration problems  are  given  in  the  recently  issued 
supplement  to  the  manual  of  the  American  Railway 
Engineering  Association: 

Whenever  grade  separation  through  densely  built- 
up  thoroughfares  (short  blocks,  say,  12  to  15  cross- 
ings per  mile),  becomes  imperative,  elaborate  studies 
of  the  kind  and  volume  of  traffic  on  each  thorough- 
fare should  be  made  and  due  record  kept,  with  a 
view  of  eliminating  or  vacating  certain  of  these 
crossings  as  wholly  unjustifiable  from  a  cost  stand- 
point, and  lateral  streets  at  a  less  cost  may  be  opened 
in  their  stead. 

If  but  a  very  few  crossings  are  to  be  eliminated  in 
an  industrial,  district,  with  reasonable  assurance  that 
ro  others  will  be  required,  other  things  being  equal, 
the  method  used  should  not  disturb  the  tracks. 

If  several  crossings  are  to  be  eliminated  in  an  in- 
dustrial district,  other  things  being  equal,  the  most 
efficient  method  is  by  track  elevation. 

In  a  residential  district,  if  grades  and  other  condi- 
tions on  the  railway  will  pei'mit,  complete  depression' 
allowing  the  streets  to  remain  at  their  original  level, 
or  nearly  so,  is  the  preferable  method. 


Slopes  for  High  Rock  Cuts. — The  American  Rail- 
way Engineering  Association  has  adopted  the  rec- 
ommendation of  its  Roadway  Committee  that  rock 
cuts  of  40  ft.  or  more  in  height  should  be  constructed 
at  slopes  of  %  to  1. 


Steam   Shovel   Operation  in  Mining 
Bituminous  Coal* 

Steam  shovels  operate  either  in  a  circular  path  be- 
ginning at  the  outside  of  the  area  and  gradually 
working  inward  spirally  until  an  area  or  island  is 
left  in  the  center  about  which  the  shovel  cannot  be 
economically  moved   (see  Fig.  1). 

This  method  is  used  mainly  by  the  old  type  fixed 
shovels  to  avoid  turning  the  shovel,  but  with  the 
modern  revolving  shovel  this  necessity  is  obviated 
and  such  shovels  make  first  a  through  cut  in  a 
straight  line  across  the  property  (Fig.  2),  dumping 
the  spoil  on  the  surface,  and  after  reaching  the 
boundary  return  on  a  parallel  cut,  dumping  the  spoil 
in  the  excavation  from  which  the  coal  has  been  mean- 


while removed,  either  by  hand  or  by  a  smaller  steam 
shovel. 

The  details  of  the  parallel  cut  method  can  be  modi- 
fied as  shown  by  Figs.  2  to  4,  and  as  necessitated  by 
the  shape  of  the  property,  drainage,  depth  of  over- 
burden, etc. 

Figures  3  and  4  show  two  such  modifications  of 
the  ordinary  parallel  system.  The  first  cut  is  made 
close  to  one  of  the  property  lines  and  extends  across 
the  property.  At  the  far  end  cuts  are  made  at  right 
angles  extending  to  the  other  property  line.  When 
the  shovel  reaches  the  far  property  line  it  reverses 
its  direction  and  returns  parallel  to  the  previous  cut. 
The  cross  ridges  shown  in  Figs.  3  to  4  ai"e  made 
when  the  shovel  turns  into  the  bank  to  begin  the  re- 
turn  cut.     After  the   shovel    has   dug   in  the  proper 


Figs.  4-7. — Modified    IVIethods  of   IVIaking   Cor 

distance  in  beginning  the  cut,  it  digs  back  to  un- 
cover the  triangular  piece  left  in  opening  up  the  cut. 
In  Fig.  3  the  small  loading  shovel  is  shown  following 
the  digging  shovel  and  there  is  a  curve  in  the  load- 
ing track  laid  on  top  of  the  coal.  This  curve  must 
be  continually  moved  forward  as  the  loading  shovel 
advances  and  is,  therefore,  a  constant  source  of  ex- 
pense and  trouble.  In  Fig.  4  the  digging  shovel  fol- 
lows the  loading  shovel;  the  loading  track  is  continu- 
ous along  the  coal  face  and  therefore  does  not  re- 
quire changing. 

Figure  5  shows  a  stripping  field  opened  from  the 
corner  and  having  a  diagonal  haulway.  The  shovel 
starts  from  the  upper  left-hand  corner  and  makes 
the  first  cut  along  one  property  line,  depositing  the 
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spoil  away  from  the  boundary  line.  It  then  returns 
to  the  starting  corner  and  on  its  next  cut  dumps  the 
spoil  from  this  cutting  and  about  one-half  of  the 
waste  bank  from  the  thorough-cut  against  line  so  as 
to  prevent  caving  along  the  line.  Then  returning 
again  to  the  original  starting  corner,  a  second  thor- 
ough-cut is  made  at  right  angles  to  the  first,  a  gap 
being  left  between  the  ends  of  the  spoil  bank  at  the 
starting  corner  to  provide  for  future  haulage.  In 
order  to  avoid  right-angle  turns  with  the  shovel, 
wedge  shaped  cuts  are  taken  off  from  the  starting 
corner  as  indicated  and  soon  a  continuous  face  is 
formed,  giving  easy  turns  for  the  shovel.  With  such 
an  arrangement  two  small  shovels  can  be  used,  both 
loading  coal  or,  if  there  is  an  underlying  fire  clay, 
as  sometimes  occurs,  the  second  shovel  can  load  fire 
clay.  If  the  underlying  material  is  of  value,  a  larger 
output  of  coal  can  be  obtained  by  using  two  stripping 
shovels  and  two  loading  shovels,  but  in  this  case  it 
would  not  be  necessary  to  provide  for  the  small 
wedge-shaped  cuts,  as  neither  of  the  shovels  would 
have  to  then  make  a  right-angle  turn. 

Figure  6  shows  a  somewhat  similar  method  of  open- 
ing up  by  running  the  thorough-cut  through  the  cen- 
ter of  the  property  and  across  its  full  width.  At  the 
far  end  of  this  thorough-cut  the  shovel  cuts  in  oppo- 
site directions,  but  by  first  making  a  number  of  short 
cuts  a  continuous  face  is  produced  as  shown. 

Figure  7  shows  another  method  of  corner  opening. 
From  one  corner  a  through  cut  is  made  along  one 
property  line,  the  overburden  being  thrown  inward 
and  away  from  the  property  line.  When  the  opposite 
boundary  is  reached  the  shovel  makes  alternate  short 
and  long  cuts  in  order  that  it  may  be  kept  working 
along  a  line  45°  to  the  boundary,  dumping  being  to- 
ward the  boundary  line.  Another  thorough-cut  is 
made  along  the  boundary  at  right  angles  to  the  first 
and  a  similar  procedure  followed,  thus  giving  a  fan- 
shaped  area  and  insuring  that  spoil  banks  are  left 
against  each  property  line  to  protect  them  from  cav- 
ing. 

The  thin  layer  of  dirt  left  on  the  coal  by  the  shovel 
is  removed  with  hand  shovels  and  brooms  and  vertical 
holes  are  then  drilled  in  the  coal  by  hand  augers  or 
power  drills  at  intervals  of  about  6  ft.  and  a  few 
feet  back  from  the  face.  The  Jackhamer  drill  with  a 
dull  drill  bit  is  used  in  the  Danville  field.  The  Clip- 
per Blast  Hole  drill  is  also  used  for  this  purpose. 
Wet  holes  are  dried  out  by  firing  one-fourth  of  a  stick 
of  dynamite  in  the  hole.  The  coal  is  shot  by  using 
about  a  quart  of  black  powder  in  each  hole,  and  a 
keg  of  powder  gives  about  110  tons  of  loose  coal  in 
the  Kansas  field. 

At  small  operations  the  coal  is  still  shoveled  into 
pit  cars  by  hand,  but  small  revolving  steam  shovels 
are  rapidly  replacing  hand  labor  for  loading  wher- 
ever conditions  permit  their  use. 


Width   of   Road   Bed   on   High    Embanliment.— The 

recently  issued  supplement  to  the  Manual  of  the 
American  Railway  Engineering  Association  contains 
the  following  adopted  recommendations  for  the  ad- 
visable width  for  newly-constructed  roadbed  on  high 
embankments  of  50  ft.  or  more  by  dumping  from  the 
trestle   (no  allowance  to  be  made  in  height)  : 

Anticipated  shrinkage  7  per  cent,  add  10  per  cent 
of  height  to  each  shoulder. 

Anticipated  shrinkage  10  per  cent,  add  15  per  cent 
of  height  to  each  shoulder. 

Anticipated  shrinkage  15  per  cent,  add  22.5  per 
cent,  of  height  to  each  shoulder. 


Method  of  Drilling  12  ft.  to  17  ft. 
Holes  in  Concrete  Lock  Walls 

In  order  to  strengthen  the  lock  walls  at  Lock  and 
Dam  No.  1  on  the  Brazos  River  at  Navasota,  Tex., 
flat  holes,  12  ft.  to  17  ft.  in  depth,  were  drilled  through 
the  concrete  and  rods  placed  to  tie  the  walls  together. 
The  work, is  described  in  the  August  Mine  and  Quarry 
from  which  the  following  note  is  taken: 

The  lock  and  dam  were  built  as  a  part  of  the  gov- 
ernment enterprise  of  making  this  stream  navigable 
for  vessels  of  light  draft.  After  completion  it  was 
rscertained  that  the  water  pressure  on  the  inside  of 
the  lock  was  so  great  as  to  crack  the  bottom  of  the 
lock,  due  to  the  loose  character  of  the  earth  support- 
ing the  walls  on  each  side.    The  lock  is  55  ft.  wide. 

Sullivan  rotator  hammer  drills,  equipped  with  a 
cradle  or  shell  mounting  complete  with  feed  screw 
and  mounted  on  the  arm  of  a  2'2-in.  single  screw  col- 
umn, were  used  for  the  drilling.  One  end  of  the  col- 
umn was  braced  against  the  wall  on  which  the  drill- 
ing was  being  done,  and  the  other  end  against  the  end 
of  a  telephone  pole,  which  stretched  across  to  the 
opposite  wall  of  the  lock. 

The  work  of  drilling  was  accomplished  very  suc- 


Drill   and   Mounting   at   Brazos   River   Lock. 

cessfully,  the  holes  being  true  and  in  line.  The  ma- 
terial encountered  was  concrete  made  of  limestone 
rock.  Forty-four  holes  were  drilled,  some  to  a  depth 
of  12  ft.  and  some  of  them  17  ft.  Thirty-eight  of  the 
holes  were  begun  with  a  gauge  of  3  in.,  finished  at 
2^2  in.;  six  with  a  starting  gauge  of  .3^2  in.,  finished 
at  2%  in.  The  longest  length  of  steel  employed  was 
20  ft.  These  holes  were  drilled  at  a  slight  angle  above 
the  horizontal,  about  1  ft.  in  12.  Seven-eighths-inch, 
hollow  hexagon  steel  was  employed,  using  a  6-point 
rose  bit.  The  drills  were  placed  about  4  ft.  back 
from  the  wall,  and  were  operated  by  compressed  air 
at  80  to  100  lb.  pressure.  The  holes  were  cleaned  of 
their  cuttings  at  first  by  air  only,  using  a  hose  with 
a  small  pipe  long  enough  to  reach  to  the  bottom  of  the 
hole,  and  connected  with  the  air  line.  Later  a  more 
satisfactory  arrangement  was  employed ;  the  hose  be- 
ing connected  with  a  pump  and  a  jet  of  water  kept  in 
the  hole  all  the  time.  The  drilling  proceeded  faster 
with  this  assistance.  The  12-ft.  holes  were  put  in 
in  about  IV2  hour  with  the  aid  of  the  water  jet  and 
the  17-ft.  holes  in  about  2  hours'  drilling  time.  Two 
men  were  used  with  each  of  the  two  drill  outfits. 

In  addition  to  the  horizontal  holes  above  described, 
additional    holes    were    drilled,    starting   about   3    ft. 
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aDove  the  lower  end  of  the  long  holes  at  as  sharp  an 
angle  as  possible,  and  intersecting  the  long  holes 
about  2  ft.  inside  the  face  of  the  wall.  The  drills  were 
held  by  hand  for  this  work.  When  these  holes  were 
completed  they  were  used  for  grouting  in  the  tie  rods. 
Two-inch  wrought  iron  rods  with  turn  buckles  were 
then  inserted  and  tightened  up  after  the  grouting  had 
set.  The  work  proved  entirely  satisfactory  and  the 
lock  is  again  being  used  for  its  regular  purpose. 


Tractor-Trailer  Outfit  forHauling Crushed 
Stone 

By  means  of  the  tractor-trailer  outfit  illustrated 
below  the  Dunbar  Stone  Co.,  of  Detroit,  Mich.,  is 
stated  to  be  able  to  haul  35  cu.  yd.  of  crushed  rock 
at  a  load.  The  outfit  shown  consists  of  a  Knox  trac- 
tor and  Lee  trailers.  The  first  and  rear  trailers  of 
the  train  each  have  a  rated  capacity  of  10  cu.  yd.  and 
the  middle  one  8  cu.  yds.    With  the  load  crovv'ned  up 


Tractor-Trailer    Outfit    of    Dutibar    Stcne    Co. 

these   capacities   are  increased  to  fully   I2I2   cu.  yd. 
and  10  cu.  yd.,  respectively. 

A  particularly  interesting  feature  of  this  outfit  is 
the  method  taken  by  its  owner  for  obtaining  full  ad- 
\antage  of  the  advertising  possibilities  of  his  hauling 
equipment.  Even  in  Detroit  where  motor  vehicles  of 
unusual  design  are  common,  these  Dunbar  trains  ex- 
cite a  great  deal  of  interest.  Painted  a  bright  yellow 
and  with  the  word  "Dunbar"  in  black  letters  2^2  ft. 
high,  their  advertising  value  to  the  company  is  large. 


Coal  Production  in  1916. — Figures  compiled  by  C. 
E.  Lesher,  of  the  United  States  Geological  Survey, 
Department  of  the  Interior,  show  that  the  total  value 
at  the  mines  of  the  coal  produced  in  1916  was  $867,- 
125,638.  Bituminous  coal  and  lignite  were  valued  at 
$665,116,077.  an  average  of  $1.32  per  net  ton,  com- 
pared with  $1.13  per  ton  in  1915,  an  increase  of  19  cts., 
or  less  than  17  per  cent.  Pennsylvania  anthi-acite  was 
valued  at  $202,009,561,  an  average  of  $2.30  per  net 
ton,  compared  with  $2.07  per  net  ton  in  1915,  an  in- 
crease of  23  cts.,  or  11  per  cent.  The  average  value 
per  net  ton  at  the  mines  (exclusive  of  selling  expense 
and  stock  shrinkage)  of  all  anthracite  shipped  in  1916 
of  chestnut  size  was  $3.51;  of  stove,  $3.40;  and  of  egg, 
$3.32.  The  average  value  of  pea  size  was  $2.10.  The 
average  values  of  the  smaller  sizes  ranged  from  67 
cts.  per  net  ton  for  "boiler"  to  $1.31  for  buckwheat 
No.  1. 


Railway  Practice  in  Steam  Shovel 
Operation 

At  the  last  annual  convention  of  the  American 
Railway  Engineering  Association  in  March,  1917,  the 
Committee  on  Roadway  submitted  a  report  dealing 
with  the  various  classes  of  excavating  equipment  and 
their  uses  on  railway  work.  Certain  recommenda- 
tions of  the  committee  were  adopted  and  have  been 
published  in  the  July  Bulletin  as  a  supplement  of 
the  1915  edition  of  the  Manual  of  the  association. 
The  following  matter  is  abstracted  from  the  above- 
mentioned  bulletin: 

The  general  requirements  for  steam  shovels  are 
either  so  standard  as  to  require  no  particular  expla- 
nation or  so  very  special  as  to  make  generalities  im- 
possible. A  standard  size  and  type  of  shovel  manu- 
factured by  a  well-known  and  reliable  maker  in  a 
general  way  carries  in  itself  ample  guarantee,  both 
in  regard  to  its  proper  design  and  in  respect  to  the 
quality  of  materials  and  workmanship  entering  into 
its  construction.  Certain  special  features,  however, 
are  noted  that  should  be  carefully  borne  in  mind  when 
purchasing  this    equipment. 

Size. — The  size  of  shovel  used  for  any  work  must 
be  decided  by  the  character  and  quantity  of  excava- 
tion and  the  local  conditions.  In  general,  the  com- 
monest sizes  are  60  to  80-ton  shovels  for  the  usual 
railway  work.  The  following  gradient  of  sizes  may, 
however,  be  of  service:  For  light  grading,  up  to 
25,000  cu.  yd.  per  mile,  where  a  shovel  can  be  used 
economically,  a  light  revolving  shovel  is  to  be  desired. 
For  25,000  to  40,000  cu.  yd.  per  mile,  a  shovel  of  50 
tons  is  a  good  size.  For  40,000  to  60,000  cu.  yd.  per 
mile,  a  shovel  of  60  to  80  tons  is  well  suited.  For  any- 
thing over  60,000  cu.  yd.  per  mile,  the  shovel  may 
run  up  to  well  over  100  tons  economically  if  its  trans- 
portation is  not  too  expensive,  and  if  the  ground  is 
fit  to  carry  the  weight  on  sub-grade  during  e.xcava- 
tion. 

Delays  in  Steam  Shovel  Operation. — The  greatest 
cause  of  delay  in  steam-shovel  work  is  in  the  removal 
of  the  excavated  material.  Too  great  care  and  at- 
tention cannot  be  given  to  securing  proper  and  ample 
equipment  in  the  matter  of  cars  and  locomotives,  and 
in  the  proper  systematization  of  service,  track,  trans- 
portation and  disposal.  The  economic  success  of  a 
steam  shovel  depends,  above  everything  else,  on  hav- 
ing an  empty  car  always  ready  to  replace  a  loaded 
one  under  the  dipper.  Too  great  stress  cannot  be 
laid  on  this  point.  Careful  management,  through  or- 
ganization and  unceasing  superintendence  and  fore- 
sight only,  however,  can  accomplish  satisfactory  re- 
sults even  with  a  thoroughly-equipped  plant. 

As  the  plant  charge  against  steam-shovel  work  is 
always  an  important  item,  especially  where  the  haul 
is  long,  requiring  a  large  equipment  in  cars  and  lo- 
comotives, continuous  operation  is  desirable.  For 
this  reason,  either  three  8-hpur  shifts  or  two  10-hour 
shifts  are  recommended.  Where  the  service  is  not 
too  trying  on  the  machinery,  three  8-hour  shifts  are 
more  economical,  if  they  do  not  upset  other  parts  of 
the  organization.  When,  however,  the  work  is  se- 
vere, two  10-hour  shifts  are  preferable,  as 
this  arrangement  gives  two  hours  between  each 
shift  for  repairs  and  overhaul  in  the  plant. 
For  night  work,  where  electricity  is  not  avail- 
able, a  small  turbo-generator  set,  similar  to  that  used 
on  a  locomotive,  can  be  set  up  on  the  shovel  for  light- 
ing the  immediate  works. 
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An  old  locomotive  tender  is  a  very  valuable  adjunct 
to  a  steam  shovel,  especially  where  delays  may  be 
caused  from  irregularity  in  coal  and  water  supply. 

The  greatest  cause  of  stoppage  in  the  shovel  proper 
is  due  to  carelessness  or  incompetence  in  the  opera- 
tor. He  should  see  that  his  engine-room  and  all  mov- 
ing parts  are  kept  thoroughly  cleaned  and  accessible. 
He  should  train  his  pit  gang  to  watch  the  under-gear- 
ing and  track.  He  must  see  that  his  boiler  is  washed 
out  as  often  as  necessary,  depending  on  the  water 
used,  and  that  his  flues,  heads  and  sheets  are  tight  and 
in  repair.  He  must  continually  inspect  all  parts  liable 
to  wear  or  extraordinary  strain  and  make  renewals 
before  the  accident  occurs.  He  must  have  a  light  and 
accurate  hand  on  the  propelling  lever  and  must  judge 
his  load  on  the  hoisting  chain  or  cable,  especially  in 
an  over-powered  shovel.  Heavy  breakage  in  hoisting 
chains  in  such  a  case  is  almost  always  due  to  an  un- 
skilled or  careless  operator.  The  mechanical  delays 
on  a  good  shovel  operated  by  a  good  runner  are  al- 
most negligible. 

A  good  works  superintendent  or  master  mechanic 
can  develop  good  shovel  runners  if  he  has  time  and 
patience.  This,  of  course,  is  often  difficult  on  rail- 
way work,  especially  in  the  Maintenance  of  Way  op- 
erations. With  average  runners,  the  commonest  re- 
pairs are  as  follows: 

Hoisting  cables. 
Hoisting  chains. 
Kwinginy  cable. 
Teeth  and  tooth  bases. 
Friction  bands  and  blocks. 
"U"  bolts  or  double  bolts  and  yoke. 
Pinions  ^especially  shipper  ?hat't). 
Dipper  latch   and  hinges. 
Dipper  stick  (in  hard  digging). 

Sheaves  and  pins  (e.speclally  at  end  of  boom  and  padlock 
block). 

Shipper   shaft. 

Crankshaft  on  boom  engine. 

Eccentric  straps. 

Bearings. 

Aim  jacks. 

Rack   bolts. 

Clevis  strap  between  dipper  and  bail. 

Ordinary  engine  repairs. 

Ordinary   boiler   repairs. 

Ordinary  pipe  fittings. 

In  the  above  list  of  most  common  repairs  much  of 
the  trouble  is  undoubtedly  due  to  lack  of  proper  in- 
spection and  judgment  in  removing  worn  parts  before 
they  actually  break,  also  to  careless  handling^  of  the 
.'■.hovel  when  unusual  strains  arise  in  heavy  digging. 
Where  a  good  runner  is  secured  the  repairs  will  be 
very  small.  Where  the  work  is  near  a  base  of  sup- 
plies, the  stock  parts  carried  may  be  very  small. 
There  are  also  many  repairs  that  may  be  made  by  the 
job  blacksmith  without  special  stock. 

Repair  parts  to  be  stocked  for  emergencies  when 
shovel  is  built  as  recommended,  are  as  follows: 

6  cold  shuts  for  hoisting  chain. 

3  cold  shuts  for  propelling  chain. 

1  swinging   cable. 

1  cable  sheave  and  pin. 

1  chain  sheave  and  pin. 

1  set    teeth. 

1  tooth  base. 

1  clevis   strap   connecting^   bail    and   dipper. 

2  bolts  for  yoke  bloclc,  or  2  "U"   bolts. 
1  set  friction  blocl;s. 

1  pair  each  size,  bronze  bushings. 

babbitt,  if  used  anywhere. 
1  set  piston  rings. 
6  water  glasses. 

Miscellaneous  assortment  of  packing. 

Miscellaneous  assortment  of  bolts. 

Jliscellaneous  assortment  of  pipe  and   fittings. 

The  following  list  of  tools  is  generally  recom- 
mended. The  assortment  is  very  complete  and  may 
be  reduced  at  discretion,  depending  on  the  pro.ximity 
of  other  ready  means  of  supply  and  repairs: 

lOO-lb.  anvil'. 

1  Axe,  chopping,   4l^-in. 

1  Bar,  buggy,  3-ft. 

1  Bar,   claw. 

6  Bars,  lining. 

1  Bar,    slice,   fire,    5-ft. 

1  Set   blacksmith   tools. 

2  Blocks,  snatch,  6-in. 


Set  of  bolt  taps  and  dies,  with  holders. 
1  Brush,   chain,   long  handle. 
i  Buckets,   G.  I.,   2-gal. 
1  Cable,    %-in.,    GO    ft.    long. 

1  Can,   oil   supply,   1-gal.    (kerosene). 
3  Carriers,    timber. 

G  Chisels    (two   flat,   two  round,   two  cape). 

2  Containers,    oil,    5-gal. 

1  Cooler,   water.   8-gal. 

2  Cups,    drinlcing,    enamel. 
1  Cutter,    pipe. 

1  Cutter,    gage    glass. 

Set    of    twist    drills, 
i  Flue   cleaner. 

Forge,   blacksmith,    portable    (with  coal). 
1  Gage,   track. 
1  Pair   frogs,    rerailing. 

Set  of  taps  and  dies,  with  holders. 

1  Hacksaw,    adjustable,    S-in.    to    12-in. 

2  Hammers,    B.    P.,    1%    to   2   lb. 

b  Hammers,    sledge,    double-face,    S-lb. 
1  Hammer,    sledge,    double-face,    16-lb. 

1  Hoe,   fire,   5-ft. 

5C  ft.    hose,    canvas,    Hi-in. 

2  Jack£,    ball-bepring    (size  dependent   on   shovel). 
1  Lantern,   hand. 

i  Oilers,    long    spout. 

3  Padlocks. 

i  Picks,   clay. 

1  Pot.    tallow. 

1  Rake,    fire,    5-ft. 

1  Ratchet,  drill. 

1  Saw,  crosscut  (two-man),  5-ft. 

1  Saw,    hand,    crosscut,    2G-in. 

1  Screwdriver,    12-in. 

G  Shovels,    round    point,    short   handle,    No.    2. 

1  Shovel,    scoop,    No.    3 

1  Vise,   combination,   pipe  and  bench. 

4  Wrenches,    monkev,    6-in..    S-in..    12-in.    and    IS-in. 

4  Wrenches.    Stillson.    fi-in.,    18-in.,    24-in.    and    36-in. 
1  Set    ^\  renches.    single-end,    ^2-in.    to    2V2-in. 

Locomotives. — The  type  and  size  of  locomotives 
used  on  steam-shovel  work  must  depend  on  the  char- 
acter of  the  work,  weight  of  trains,  the  length  of 
haul  and  the  local  conditions.  On  maintenance  work, 
ordinary  road  engines  are  usually  well  suited,  es- 
pecially if  an  ample  tail  track  is  provided  in  the  pit 
that  too  much  shunting  is  not  required.  On  con- 
struction, where  the  track  is  apt  to  be  bad  and  curves 
abrupt,  the  4  or  6-wheeled  saddle-tank  type  is  pref- 
erable, at  least  near  the  shovel.  If  the  haul  is  long 
and  the  track  is  fair,  heavier  locomotives  should  be 
used   in  transportation. 

In  general,  on  construction  where  the  tracks  are 
inclined  to  be  rough  and  curves  sharp,  the  shorter  the 
wheel  base  on  a  locomotive  the  better,  within  limits. 
Where  road  engines,  or  even  heavy  switch  engines, 
are  used,  there  is  always  danger  of  derailments  and 
frame  breakage.  Where  "dinkeys"  are  used,  it  is 
well  to  pay  special  attention  to  springs,  brakes  and 
the  location  of  the  center  of  gravity  with  reference 
to  the  wheel  base.  Some  makes  are  so  balanced  that 
under  heavy  loads  and  on  steep  grades,  two  wheels 
are  sometimes  lifted  clear  off  the  track,  with  the  nat- 
ural resulting  delays,  if  not  damage. 

Track. — The  shovel  track  should  be  made  up  of  6- 
ft.  sections,  with  strap  connections.  Bridles  of  y2-in. 
by  2-in.  iron  should  be  used,  with  wedge  grips.  A 
notched  tie  should  be  used  as  a  check,  behind  the 
front  trucks,  supported  by  steel  saddle  clamps  at- 
tached to  the  rail  with  wedged  grips.  Similar  clamps 
should  be  placed  before  the  front  wheel  without  tie 
check.  Nothing  less  than  60-lb.  rail  should  be  used 
under  a  shovel,  and  heavier  rail  should  be  used  under 
the  larger  models.     No  spikes  are  used. 

On  the  muck  track  in  tunnels  standard-length  rails 
are  used,  spiked  to  the  ties.  Where  no  tail  track  is 
possible  and  the  excavation  is  at  a  breast,  drive  rails 
are  very  useful.  These  consist  of  half-length  rails 
laid  on  their  sides,  with  the  ball  of  the  rail  against 
Ihe  inside  of  the  web  of  the  last  rail  spiked  down. 
As  the  breast  is  cleared  away,  these  short  rails  are 
driven  ahead  and  the  cars  are  run  out  on  the  balls 
of  the  capsized  rails.  When  a  half-length  is  thus 
driven  out,  it  is  turned  right  side  up  and  spiked 
lightly  in  position  and  the  other  half-length  driven 
out   in    a   similar   manner. 
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Some  Details  of  Government  Cantonment  Structures  That  Might  Be 
Adaptable  to  Construction  Camps 
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Drag  Line  Cableway  Excavator  and  Wash- 
ery  Operated  as  Independent   Units. 

To  design  a  plant  which  can  be  easily  expanded  to 
meet  the  demands  of  a  larger  market  is  often  an  im- 
portant consideration  for  the  sand  and  gravel'  pro- 
ducer. 

The  Northern  Indiana  Sand  &  Gravel  Co.,  Wolcott- 
ville,  Ind.,  has  achieved  the  desired  result  by  re-set- 


Pl.Tit   of   Northern    Indiana   Sand   &   Gravel   Co. 

ting  its  dragline  cableway  e.xcavator  some  200  ft.  from 
the  washery  and  erecting  a  "flowing"  storage  bin  and 
belt  conveyors  to  handle  the  material  from  the  exca- 
vator to  the  washing  and  screening  plant.  With  this 
system,  the  washery  and  the  excavator  are  practically 
two  different  units,  either  of  which  can  run  for  some 
time  after  the  other 
has  stopped,  whereas 
in  the  case  of  the  gen- 
eral type  of  dragline 
cableway  plant  with 
the  excavator  discharg- 
ing directly  to  the 
screens,  any  stoppage 
either  of  screens  or  ex- 
cavator ties  up  every- 
thing. 

The  capacity  of  the 
screens  is  several  times 
the  present  output  of 
the  plant  and  when  the 
car  supply  and  market 
condition  warrants,  a 
second  cableway  exca- 
vator can  be  added  or 
a  dragline  or  steam 
shovel  installed  with- 
out much  change  in  the 
general  layout. 

As  it  is,  the  plant  is 
producing  as  high  as 
22  cars  per  day  with  a 
Sauerman  lV2-yd.  drag- 
line cableway  excava- 
tor, operated  by  a  10x12 
Lidgerwood  two  -  drum 
hoist,  doing  the  dig- 
g  i  n  g .  The  excavator 
which  formerly  con- 
to  the  screens,  now 
flowing"  capacity  of 


Gate    and    Spout    Arrangement. 


veyed     the     gravel     directly 
dumps  into  a  bin  which  has  a 

about  140  cu.  yd.  A  "home-made"  gate  and  spout 
arrangement  feeds  an  almost  uniform  stream  of  ma- 
terial from  this  bin  onto  a  24-in.  conveyer  belt,  65  ft. 


long,  which  carries  the  material  to  a  42-in.  x  10-ft. 
Austin  revolving  stone  screen.  This  screen  rejects 
all  gravel  which  will  not  pass  through  a  iVg-in.  per- 
foration. The  rejected  material  drops  into  a  No.  4 
Austin  gyratory  crusher  to  be  reduced  and  is  returned 
on  a  No.  3  Austin  elevator  to  the  stone  screen.  This 
is  a  closed  circuit  and  no  material  can  pass  on  until 
reduced  to  a  l^a-in.  size.  All  material  passing  through 
the  stone  screen  falls  on  a  second  24-in.  conveyor  belt 
120  ft.  long  and  is  carried  to  the  top  of  the  plant. 

On  the  plant  there  are  two  batteries  of  three  Dull 
inclined  conical  screens.  The  gravel  is  graded  in 
these  screens  and  the  sand  from  the  screens  is  passed 
over  a  flat  screen,  making  two  sizes  of  sand.  The 
sand  then  goes  to  two  Dull  sand  separators  where  the 
water  and  dirt  is  taken  off  through  overflow  to  the 
wasteway.  Water  for  screens  and  separators  is  fur- 
nished by  a  6-in.  American  centrifugal  pump,  belt 
driven,  capacity  1,000  gals,  per  minute.  A  100-H.P. 
slide  valve  engine  operates  screens  and  pump.  Sand 
and  gravel  are  retained  in  bins  and  spouted  into  cars. 
The  cars  are  "spotted"  by  the  railroad  company  and 
then  dropped  down  as  needed  by  the  gravel  plant 
crew,  the  loading  tracks  past  the  washery  having  a 
grade  sufficient  to  move  the  cars  entirely  by  gravity. 

The  general  layout  was  designed  by  the  Raymond 
W.  Dull  Co.,  and  arranged  by  Mr.  H.  M.  Cooper,  sec- 
retary and  treasurer  of  the  Northern  Indiana  Sand  & 
Gravel  Co.,  to  suit  local  conditions.  Employes  of  the 
company,  under  Mr.  Cooper's  supervision,  erected  the 
plant. 


Method  of  Setting  Supporting  Insulators 
for  Steel  Radio  Towers 

A  novel  method  was  adopted  for  setting  porcelain 
insulators  under  the  two  400  ft.  steel  radio  towers 
erected  recently  at  the  naval  torpedo  station,  Keypost, 
Wash.  The  method  is  discussed  by  Mr.  G.  A.  Duncan, 
civil  engineer,  U.  S.  navy,  in  Bulletin  No.  27  of  the 
U.  S.  Bureau  of  Yards  and  Docks. 

The  first  set  of  insulators  placed  were  wedged  up 
with  hardwood  (oak)  wedges,  but  it  was  found  that 
in  order  to  remove  them  after  grout  was  poured,  a 
considerable  area  of  bearing  grout  had  to  be  dis- 
turbed. The  remainder  of  the  insulators  were  set  as 
follows: 

Three  %-in.  bolts  were  used  as  miniature  jacks 
under  each  insulator.  Before  placing  the  bolts  the 
nuts  were  adjusted  so  as  to  leave  about  Vi-in  clear- 
ance between  threaded  end  of  bolt  and  bearing  plate. 

Grout  was  then  poured,  using  a  rather  wet  mixture 
so  that  when  puddled  it  would  furnish  a  good  bed 
for  the  insulators.  After  the  grout  had  set  four  or 
five  hours,  pockets  were  dug  around  the  bolts  large 
enough  to  get  a  wrench  on  the  nuts. 

Twelve  hours  after  the  grout  was  poured  the  bolts 
were  taken  out  and  pockets  filled  with  grout.  The 
large  oak  wedges  carrying  the  weight  of  tower  were 
then  backed  out  about  V2  in.,  which  permitted  the 
bearing  plate  to  settle  into  the  grout  about  1/16  in. 

The  large  carrying  wedges  were  not  taken  out  until 
the  tower  was  completed,  riveted,  and  all  insulators 
set. 


A  large  Louisiana  fishing  company  has  cut  down 
its  fuel  bill  more  than  $300  a  month  by  installing  in 
an  oyster  boat  a  gas-producer  plant  which  transforms 
coal  into  power  gas.  This  gas  is  being  burned  in  an 
explosive  engine  instead  ef  gasoline. 
(55) 
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Government  Cantonments  Practically 
Completed  on  Sept.  1 

The  status  of  construction  at  the  various  canton- 
ments on  Sept.  5  is  outlined  in  a  recent  statement  of 
Col.  I.  W.  Littell,  who  is  in  charge  of  the  work  for  the 
government. 

Of  the  16  military  cities  for  housing  the  687,000 
citizen  soldiers  selected  for  service  by  the  draft,  seven 
were  ready  on  Sept.  5  to  receive  their  entire  quota  of 
officers  and  enlisted  men.  These  seven  included  Camp 
Taylor  at  Louisville,  Ky. ;  Camp  Travis  at  Fort  Sam 
Houston,  Tex.;  Camp  Lee  at  Petersburg,  Va. ;  Camp 
Lewis  at  American  Lake,  Wash. ;  Camp  Sherman  at 
Chillicothe,  0.;  Camp  Devens  at  Ayer,  Mass.;  and 
Camp  Grant  at  Rockford,  111.  Seven  other  canton- 
ments were  ready  to  receive  all  the  officers  and  two- 
thirds  or  more  of  their  entire  quota  of  enlisted  men. 
These  comprise  Camp  Dodge  at  Des  Moines,  la.;  Camp 
Funston  at  Fort  Riley,  Kan.;  Camp  Custer  at  Battle 
Creek,  Mich.;  Camp  Pike  at  Little  Rock,  Ark.;  Camp 
Dix  at  Wrightstown,  N.  J.;  Camp  Jackson  at  Colum- 
bia, S.  C. ;  Camp  Gordon  at  Atlanta,  Ga.  The  two 
remaining  National  Army  cantonments — Camp  Upton 
at  Yaphank,  L.  I.,  and  Camp  Meade  at  Admiral,  Md. — 
had  already  received  and  were  taking  care  of  more 
than  their  full  quota  of  officers  and  were  ready  to 
receive  the  number  of  enlisted  men  originally  ordered 
there  on  Sept.  5. 

Approximately  150,000  men  were  employed  up  to 
Sept.  1  in  the  construction  of  the  cantonments;  since 
that  date  the  force  has  geen  gradually  reduced. 

A  typical  layout  such  as  is  required  for  accommo- 
dating the  officers  and  men  at  a  cantonment  comprises, 
in  round  numbers,  1,500  separate  buildings,  requiring* 
approximately  30,000,000  ft.  B.  M.  of  lumber.  Each 
cantonment  requires  a  complete  system  of  water  sup- 
ply and  sewage  disposal,  the  piping  alone  for  which 
amounts  to  more  than  50  miles.  The  general  ware- 
houses, with  necessary  trackage,  have  also  been  pro- 
vided. Where  the  facilities  are  not  available  in  nearby 
cities,  complete  refrigerating  and  laundry  plants  have 
been  built. 

At  each  cantonment  up  to  Sept.  1  it  has  been  neces- 
sary to  complete  on  an  average  of  one  building  per 
hour,  or  for  all  the  cantonments  an  average  of  one 
building  every  four  minutes. 

The  cantonments  in  the  east  have  been  handicapped 
by  the  fact  that  it  has  been  impossible  to  secure  sites 
without  going  away  from  the  railroad  lines  and  labor 
markets. 

Every  National  Army  cantonment  has  required  the 
building  and  installation  of  a  transmission  line  for 
electrical  current.  At  camp  Upton  it  has  been  neces- 
sary to  take  electrical  power  from  Northport,  on  the 
north  shore  of  Long  Island,  a  distance  of  nearly  30 
miles.  In  addition  to  this,  the  transmission  line  has 
been  strengthened  all  the  way  back  to  Brooklyn  in 
order  that  proper  service  can  be  given.  In  order  to 
furnish  the  necessary  railroad  facilities,  the  Long 
Island  R.  R.  has  been  required  to  take  up  rails  from 
sidings  to  build  the  spur-tracks  required  at  the  can- 
tonment. 

To  bring  the  construction  materials  to  Camp  Meade, 
which  is  some  distance  from  an  electric  and  not  on 
any  steam  railroad,  it  was  necessary  to  rebuild  the 
electric  railroad  to  make  it  of  sufficient  strength  for 
steam  transportation.  In  addition,  the  Pennsylvania 
R.  R.  built  a  spur  several  miles  in  length  into  the  can- 
tonment site.  The  government  had  to  condemn  a 
right-of-way. 


Rail  Loading  Device 

The  arrangement  shown  in  the  accompanying  illus- 
tration enables  the  Santa  Fe  System  to  load  90  85-lb. 
rails  in  30  minutes  with  a  labor  force  of  three  laborers 
and. an  air  man  on  the  car  and  three  men  on  the 
ground.  The  most  interesting  feature  of  the  outfit 
is  the  device  for  raising  the  rail  loader  on  the  flat 
car.  By  means  of  this  the  loader  can  be  turned  com- 
pletely around  and  thus  can  load  at  either  end  of  the 


Rail    Loading    Device    of    Santa    Fe    System. 

flat  car.  The  raising  device  consists  of  a  piston  actu- 
ated by  compressed  air  supplied  from  a  storage  tank 
beneath  the  flat  car.  This  arrangement  was  devised 
by  Mr.  Wm.  Barnes,  Supervisor  of  Work  Equipment 
Eastern  Grand  Division  of  the  Santa  Fe  System,  and 
has  just  been  placed  in  service  on  that  road. 


Portable  Belt  Unloader 

A  labor-saving  machine  designed  primarily  for  un- 
loading open  cars  and  box  cars  and  for  short  dis- 
tance conveying  has  been  placed  on  the  market  recent- 
ly by  the  Barber-Greene  Co.,  Gale  St.,  Aurora,  111.  The 
device  consists  essentially   of  a  rigidly  braced  steel 


"B-G"    Portable    Belt   Conveyor. 

truss  carrying  two  end  pulleys  over  which  an  18-in. 
wide  endless  belt  operates.  An  electric  motor  within 
the  frame  drives  the  belt.  The  conveyor  is  made  in 
two  sizes:  A  15-ft.  model  weighing  800  lb.,  and  a  20-ft. 
model  weighing  950  lb.  It  is  being  used  to  handle 
coal,  coke,  sand,  gravel,  crushed  stone,  cinders,  loose 
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brick  and  bags  of  cement.  When  uniformly  loaded  to 
capacity  from  a  spout,  it  is  claimed,  that  the  conveyor 
can  handle  35  tons  of  coal  per  hour  or  75  tons  of  sand 
or  gravel. 


Limits  for  Lifting  Track  and  Trest- 

ling  in  Making  Embankment 

with  Trains 

In  the  recently  issued  supplement  to  the  Manual 
of  the  American  Railway  Engineering  Association 
the  following  suggestions  are  given  regarding  the 
construction  of  embankment: 

It  is  impossible  to  establish  set  rules  regarding  the 
point  where  lifting  track  should  stop  and  trestling 
begin  when  making  embankments  with  trains.  The 
character  of  the  material  is  of  great  importance  in 
the  matter  of  cost.  Some  engineers  consider  that  it 
is  practically  always  preferable  to  trestle  or  block 
up  the  tracks  without  regard  to  the  depth  of  fill,  while 
others  say  it  is  advisable  to  raise  the  track  as  the 
fill  progresses,  up  to  25  ft.  or  more.  On  the  average, 
from  6  to  10  ft.  are  the  commonest  limits.  With,  how- 
ever, the  great  fluctuation  in  the  costs  of  both  labor 
and  materials,  it  is  recommended  that  each  case  be 
treated  as  an  individual  problem.  The  cost  of  raising 
should  be  carefully  figured,  including  the  delays  and 
interference  caused  to  and  by  traffic  where  such  ex- 
ists, and  this  set  against  the  cost  of  trestling,  in- 
cluding labor  and  materials.  It  should  be  remem- 
bered that  in  some  cases  a  "run-around"  can  be 
formed  very  cheaply,  while  in  other  places  this  re- 
quires either  an  auxiliary  fill  or  trestle. 

In  estimating  trestle  for  fills  over  which  regular 
traffic  is  not  to  pass,  the  length  of  haul  is  important. 
Where  the  haul  is  less  than  two  miles,  light  side- 
dumping  cars  may  be  used,  and  a  very  light  trestle 
is  required. 

Of  course,  the  geographical  location  of  such  work 
also  has  an  important  influence  on  this  question,  as 
climate,  character  and  availability  to  fill  materials, 
labor,  lumber  and  other  supplies  vary  enormously 
with  different  sections  of  the  country. 

Each  engineer,  familiar  with  his  own  section  and 
the  local  conditions  surrounding  the  work,  is  the  man 
to  estimate  the  relative  cost  and  decide  where  raising 
track  should  stop  and  trestling  should  commence, 
either  on  new  locations  or  under  existing  track  and 
traffic. 


Allowance  for  Shrinkage  in    Fill 

The  recently  issued  supplement  to  the  Manual  of 
the  American  Railway  Engineering  Association  con- 
tains the  following  conclusions  adopted  at  the  1917 
convention,   regarding  the   allowance   for   shrinkage: 

In  determining  the  allowance  for  shrinkage  to  be 
made  in  a  fill,  it  should  be  remembered  primarily  that 
it  is  easier  to  add  to  the  height  of  a  fill  that  settles 
than  to  lower  the  track  if  the  settlement  does  not 
amount  to  as  much  as  that  anticipated  in  the  original 
allowance.  Therefore,  unless  the  shrinkage  of  a  ma- 
terial is  well  known  in  the  conditions  under  which 
the  fill  is  made,  it  is  best  to  be  well  on  the  safe  side; 
1.  e.,  little  or  no  allowance  should  be  made  in  height; 
the  extra  material,  when  possible,  being  deposited 
where  it  will  be  conveniently  available  for  raising 
tl.e  track,  as  required.  The  allowance  in  width  should 
be  about  5  per  cent  to  20  per  cent  of  the  height  of 
the  fill,  depending  on  the  material  and  conditions. 


The  material  used  for  fill  varies  in  shrinkage  from 
sound,  non-disintegrating  rock,  or  gravel,  which  is 
least,  to  certain  swelling  clays,  which  give  the  great- 
est shrinkage  both  in  compactibilitj'  and  erosion  at 
the  slopes.  While  vegetable  loam  has  a  large  per- 
centage of  actual  shrinkage,  it  so  quickly  produces 
a  protection  cover  of  vegetation  that  the  shrinkage 
due  to  erosion  is  usually  small.  Where  frozen  ma- 
terial must  be  used  in  making  a  fill,  heavy  settlement 
must  be  expected,  and  this  is  to  be  avoided  where 
possible. 

The  material  and  contour  of  the  gound  supporting 
the  fill  is  also  a  matter  of  considerable  importance. 
This  is  especially  so  where  unstable  material  is  en- 
countered. 

The  method  of  making  the  fill  should  also  be  care- 
fully considered.  When  the  tracks  are  being  raised 
under  traffic,  the  vertical  shrinkage  will  be  largely 
taken  care  of  in  the  course  of  the  work.  When  the 
fill  is  made  by  teams  or  such  means  as  to  reasonably 
tamp  and  compact  the  fill  in  thin  layers  as  it  is  made, 
the  same  is  true.  Where,  however,  the  fill  is  made 
by  trestle  and  without  puddling  or  other  method  of 
compacting,  the  settlement  is  apt  to  be  considerable. 


Concreting  Plant  Mounted  on  Skids  for 
Building  River  Wall 

A  compact  mixing  and  placing  plant  is  being  used 
in  the  construction  of  a  concrete  retaining  wall  on  the 
Menominee  River  front  at  Milwaukee,  Wis.  The  con- 
creting outfit  is  mounted  on  skids  supported  on  pipe 
rollers  so  that  it  can  be  moved  along  the  bank  as 
the  work  progresses.  The  wall  is  735  ft.  long,  and 
has  a  top  width  of  2  ft.  3  in.,  a  base  width  of  4  ft.,  9 
in.,  and  a  height  of  6  ft.,  3  in.  It  is  located  about  30 
ft.  from  the  shore  line  and  contains  25  cu.  ft.  of  con- 
crete per  lineal  foot.  The  plant  consists  of  a  10-ft. 
Chain  Belt  mixer,  an  elevating  and  spouting  system 


Movable  Concrete   Plant  Spouting  Concrete   Into  River  Wall. 

and  a  10-HP.  Byers  engine.  The  latter  operates  the 
elevator,  and  also  is  used  to  move  the  outfit.  In  mak- 
ing a  move  the  cable  is  disconnected  from  the  skip 
bucket  and  attached  to  a  dead  man  or  post.  The  en- 
gineer then  pulls  the  outfit  ahead.  Approximately  40 
ft.  of  sea  wall  is  constructed  before  the  outfit  is  moved 
ahead.  The  concrete  materials  are  distributed  on  the 
shore  along  the  line  of  the  work.  Ten  men  are  em- 
ployed at  the  mixer,  and  2  men  at  the  forms.  The 
work  is  being  carried  out  by  the  Michie  Construction 
Co.,  of  which  W.  L.  Stimple  is  superintendent. 
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News  Letter 

St.  Louis  Items. 


J.  T.  Collins,  Mt.  Vernon,  111,,  wants  to  let  contract  for  driv- 
ing  SOO    ft.    of  piling-. 

William  Wallace  writes  us  from  Lockridge,  la.,  that  he  has 
four  teams  idle  at  that  place. 

P.  J.  Murphy.  Moberly.  Mo.,  reports  that  he  has  covered  all 
of  his  bridge  filling  jobs  on  the  Wabash   R.   R. 

Dudley  Smith  and  Harrington  Bros,  have  their  team  outfits 
at  work  at  Benton,   111.     Both  jobs  getting  along  fine. 

A.  A.  Luck,  524  Rialto  Bldg..  Kansas  City,  Mo.,  reports  that 

he  has  a  machine  outfit  idle.     The  balance  of  his  outfit  is  idle. 

Blythe   Bros,    have    their    team    outfit   at    work    near    Consol, 

la.,    on    a    piece    of   work    that    they   subbed    from    Thomas   L. 

Kosser,    Jr. 

M.  C.  Connors  &  Co.,  610  W.  Madison  St.,  Chicago,  111.,  has 
30,000  yd.  of  nice  machine  work  on  the  C.  B.  &  Q.  R.  R.  at 
Peoria.  111.,  to  sublet. 

D.  A.  Daley,  the  hustling  representative  of  the  Walsh  Con- 
struction Co..  is  getting  things  lined  up  rapidly  on  their  I.  C. 
railroad  work  in  Kentucky. 

Allhand-Hedges  Construction  Co.,  527  Kentucky  Ave..  Joplin, 
Mo.,  have  about  9,000  yds.  of  bridge  filling  on  the  Frisco  R.  R. 
near   Continental,   Mo.,    to   sublet. 

Smith  &  Hannan  have  finished  their  work  on  the  Wabash 
E.  R.  at  Decatur,  111.,  and  moved  this  shovel  outfit  on  to  their 
Illinois   Central   work  in   Kentucky. 

Thomas  L.  Rosser  Jr.  is  moving  a  four  yard  steam  shovel 
outfit  from  Earlham.  La.,  on  to  a  piece  of  Smith  &  Hannan's 
work  on  the  I.  C.  R.  R.  in  Kentucky. 

Peter  McVeigh  of  McVeigh  &  Poupore  Co.  stopped  oft  here 
on  his  way  south  to  take  a  bunch  of  rock  men  with  him  to 
their  new   Kentucky   work   on   the   I.   C.    R.   R. 

P.  J.  Hannan  &  Co.  have  about  11.000  yds.  of  team  work  to 
let  near  Forrest,  111.  Free  transportation  for  outfits  and  labor 
over  Wabash  R.  R.  Write  them — Boatman's  Bank  Bldg.,  St. 
Louis. 

The  North  Fork  Drainage  District  No.  2  of  Jasper  County, 
111.,  has  a  ditching  job  that  will  amount  to  about  $6,000  to  let. 
Contractors  interested  in  this  write  C.  A.  Prather,  secretary, 
Newton,   111. 

James  T.  McMahon  of  the  McMahon  Contracting  Co.  took  a 
run  down  to  Kentucky  to  look  over  a  part  of  Smith  &  Han- 
nan's team  work  on  the  Illinois  Central  R.  R.  When  we  saw 
McMahon  last  he  was  figuring  pretty  hard  on  taking  quite  a 
slice    of   this. 

Koenig's  labor  agency,  St.  Louis,  shipped  six  car  loads  of 
laborers  to  both  coasts  last  week,  two  car  loads  going  to  Bos- 
ton, Mass..  and  four  car  loads  to  southern  California.  The 
labor  market  has  been  easier  here  the  past  month  than  it  has 
been  at  any  time  this  summer. 

Montgomery  &  McCabe  are  going  to  do  the  tracklaying. 
bridging,  ballasting  and  surfacing  on  Meany's  work  on  the 
Santa  Fe  R.  R.  in  Kansas  and  Oklahoma.  Frank  McCabe 
passed  through  St.  Louis  the  other  day  on  his  way  to  Caney, 
Kan.,  to  open  an  office  there  and  begin  work. 

The  Board  of  Public  Service,  St.  Louis,  awarded  to  Herklotz 
and  Henschert  for  $64,495.68  a  contract  for  construction  of  a 
viaduct  through  Bellerive  Park,  along  Kingshighway,  opening 
the  highway  from  Riverview  Park  on  the  south  to  O'Fallon 
Park  on  the  north.  The  viaduct,  the  last  to  be  built  in  com- 
pleting the  boulevard,   will  be  readi'  within  a  year. 

For  the  first  time  in  history,  a  civilian  is  in  official  charge 
of  the  St.  Louis  River  and  Harbor  Improvement  District.  The 
civilian  is  W.  S.  Mitchell,  a  civil  engineer,  whose  appointment 
as  assistant  engineer  in  charge  of  the  district  was  made  by 
the  War  Department  this  week.  He  has  assumed  his  new 
duties.  LTntil  1911  the  employment  of  civilians  for  any  such 
work  "was  prohibited  by  law.  At  that  time,  however,  an 
amendment  to  the  River  and  Harbor  bill  provided  that  others 
than  military  officers  might  serve.  Mitchell's  appointment  is 
the  first  time  the  privilege  has  been  exercised  here.  Mitchell 
took  the  post  after  the  withdrawal  of  Lieut.  Col.  Clark  S. 
Smith,  who  went  recently  to  Rockford,  111.,  to  assist  in  train- 
ing the  new  National  Army.  Lieut.  Col.  Smith  had  been  in 
charge  since  the  departure  of  Col.  McD.  Townsend  with  the 
Twelfth  Regiment  Engineers,  for  France,  several  weeks  ago. 
Mitchell  is  a  graduate  of  the  University  of  Virginia.  For 
thirty  years  he  has  been  widely  known  as  one  of  the  best  of 
the  company's  engineers.  The  St.  Louis  River  and  Harbor 
Improvement  District  extends  from  St.  Louis  to  Memphis,  and 
from  St.  Louis  to  Davenport,  la.  It  was  formed  many  years 
ago. 

Officials  of  the  Rock  Island  R.  R.  notified  President  Kinsey 
of  the  Board  of  Public  Service  that  their  company  will  pay 
one-third  the  cost  of  eliminating  grade  crossings  between  a 
point  east  of  Union  avenue  in  Forest  Park  and  the  city  limits 
of  its  own  line  and  the  Wabash  as  far  northwest  as  the  city 
limits.  'The  Board  of  Public  Service  has  estimated  that  it 
will  require  $1,600,000  to  depress  the  Wabash  tracks  and  re- 
move the  Rock  Island  tracks  west  of  DeBaliviere  Ave.  Part 
of  the  expense  of  the  elimination  will  be  the  purchase  of  the 
Rock  Island's  right  of  way  from  DeBaliviere  Ave.  to  the  city 
limits.  The  strip  will  be  sold  to  the  citv.  Rock  Island  officials 
announce,  for  $79,260.  The  Rock  Island  used  the  Wabash 
tracks  from  DeBaliviere  Ave.  to  Twenty-third  St.  After  aban- 
doning its  own  rails  west  of  DeBaliviere  Ave.  the  Rock  Island 
will  connect  with  the  Wabash  in  the  county,  near  the  Page 
Ave.  station.  The  'Wabash  agreed  tentatively  some  time  ago 
to  the  plan  for  depressing  its  tracks  and  elevating  the  streets, 
provided  the  Rock  Island  would  share  the  expense.  President 
Kinsey  says  he  will  inform  Wabash  officials  of  the  Rock 
Island's  concurrence  in  the  division  of  the  expense  and  of  its 
willingness  to  remove  its  tracks.  The  city  will  pay  about 
$50a.«00  as  its  share  of  the  improvement,  and  will  have  the 
Rock  Island  right  of  way  for  development  as  a  boulevard  into 
the    county.      The    plan    contemplates    the    elimination    of    all 


present  grade  crossings  on  the  W^abash  between  Union  Ave. 
and  the  city  limits,  including  that  at  Delmar  Blvd.  Provision 
will  be  made  for  the  extension  of  streets  westward  in  the  fture 
in  addition  to  those  already  established.  President  Kinsey 
says  he  hopes  to  obtain  the  final  approval  of  the  Wabash  in 
time  to  permit  the  introduction  of  an  ordinance  in  the  Board 
of  Aldermen  on  September  21,  when  it  reconvenes  after  the 
summer  vacation. 


KOENIG. 


Personals 


'\\'.  F.  Tanquay  has  been  appointed  secretarj'  of  the  County 
Highway  Commission  of  Sacramento  County,  California. 

C.  J.  Erickson  of  the  Erickson  Construction  Co..  Seattle, 
Wash.,  has  organized  the  Erickson  Engineering  Co..  with  a 
capital   stock  of  $2,000,000   and   will   engage  in   shipbuilding. 

H.  Walter  Leavitt.  formerly  student  assistant  testing  engi- 
neer for  the  U.  S.  Oflice  of  Public  Roads,  has  been  appointed 
testing  engineer  for  the  State  Highway  Commission  of  Maine. 
Joseph  W.  Richardson  has  opened  an  office  at  11  Broadway, 
New  York  City,  where  he  will  engage  in  a  general  marine 
engineering  practice,  specializing  in  marine  survey  work,  the 
repair  of  vessels,  the  design  and  construction  of  shipbuilding 
plants  and  the  design  and  construction  of  mechanical  equip- 
ment for  both  vessels  and  plants. 

James  A.  Short  of  Chicago  has  been  re-elected  president  of 
the  Illinois  Building  Trades  Council.  C.  A.  Townsend  of 
Aurora  was  elected  first  vice  president;  S.  H.  Briggs,  Chicago, 
second  vice  president;  Charles  Bush,  Dixon,  third  vice  presi- 
dent; Edward  Smythe,  Peoria,  fourth  vice  president;  J.  A. 
Harding,  Champaign,  fifth  vice  president,  and  D.  H.  Richmond. 
Aurora,    secretary-treasurer. 

J.  E.  Gibson,  at  present  principal  assistant  engineer  with  the 
American  Pipe  &  Construction  Co.  of  Philadelphia,  has  been  elect- 
ed manager  of  the  water  works  at  Charleston,  S.  C.  and  will 
take  over  his  duties  when  t'ne  property  of  the  Charleston  Light 
&  Water  Co.  is  transferred  to  the  city.  Mr.  Gibson  is  a  graduate 
of  the  University  of  Arkansas  in  the  mechanical  engineering  class 
of  '94.  From  1895  to  1896  he  was  assistant  engineer  with  Jay  M. 
Whitham,  consulting  steam  and  hydraulic  engineer  of  Phila- 
delphia. From  1896  to  1897  he  was  with  the  Moro  Phillips  Chem- 
ical Co.  (now  the  General  Chemical  Co.)  of  Camden,  N.  J.,  as 
mechanical  engineer  of  power  plant  and  construction.  From  1897 
to  1S9S  h'2  was  superintendent  and  engineer  of  the  Waukesha 
Water  Worl-:s  Co..  owned  and  operated  by  the  American  Pipe 
&  Construction  Co..  and  afterward  purchased  by  the  city  of 
Waukesha.  Wis.  For  the  past  nineteen  years  he  has  been  with 
the  American  Pipe  &  Construction  Co. 

John  W.  Alvord.  C.  E..  of  the  firm  of  Alvord  &  Burdick, 
consulting  engineers.  Chicago,  has  been  appointed  by  Governor 
Lowden  of  Illinois  as  a  member  of  the  Illinois  State  Board 
of  Natural  Resources  and  Conservation.  Other  members  of  the 
board  are:  Geology.  Prof.  Thomas  C.  Chamberlain;  biology. 
Prof.  John  M.  Coulter  (both  of  the  University  of  Chicago); 
chemistry.  Prof.  William  A.  Noyes;  forestry.  Prof.  William 
Trelease  (both  of  the  University  of  Illinois).  Mr.  Alvord  is  to 
advise  on  water  resources.  President  Edmund  J.  James  of 
the  University  of  Illinois  is  ex-offlcio  member  and  chairman 
of  the  board.  The  board  is  appointed  under  the  new  Civil 
Administrative  Act,  and  is  expected  to  study  the  resources 
of  the  state,  the  work  of  its  departments  under  the  lines  indi- 
cated, and  advise  the  governor  and  the  legislature  from  time 
to  time  on  matters  in  which  the  welfare  of  the  state  may  be 
promoted.  The  members  of  the  board  serve  without  compen- 
sation. 

H.  E.  Hilts,  formerly  district  engineer  at  San  Francisco  for 
the  Portland  Cement  Association,  has  been  elected  by  the 
board  of  directors  of  that  body  to  succeed  the  late  Mr.  J.  P. 
Beck  as  general  manager.  Mr.  Hilts  was  born  in  New  York 
and  obtained  his  technical  and  engineering  education  at  the 
University  of  Pennsylvania.  His  first  work  was  as  rodman 
with  the' Mexican  International  Railroad.  Later  he  was  in 
the  employ  of  the  Philadelphia  and  Western  Railroad.  For 
two  years  he  was  instructor  in  the  engineering  department  of 
the  University  of  Pennsylvania,  after  which  he  entered  the 
service  of  the"  New  York  Central  Railroad,  leaving  that  com- 
pany to  become  associated  with  the  Portland  Cement  Associa- 
tion as  road  engineer  in  1913.  for  territory  comprising  the  New 
England  and  Northeastern  States,  having  been  stationed  at 
Albany  and  Easton,  Pa.  In  1915  he  was  appointed  district 
engineer  at  San  Francisco.  Mr.  Hilts  is  an  associate  member 
of  the  .American  Society  of  Civil  Engineers,  member  of  Ameri- 
can Society  for  Testing  Materials,  associate  member  of  the 
American  Railway  Engineering  Association  and  member  of 
the  American  Concrete  Institute. 


Industrial  Notes 

The  Bates  Valve  Bag  Co.  is  now  located  at  its  new  offices  at 
".■',10-20   South  Chicago  avenue,  Chicago,   111. 

The  Warren  Webster  &  Co..  Camden.  N.  J.,  has  moved  its 
Detroit  branch  office  to  new  and  enlarged  offices  at  2123  Dime 
Bank  Bldg..  Detroit.  Mich.  A.  B.  Knight  is  manager  for  the 
Detroit    district. 

Samuel  Swett,  149  Broadway.  New  York  City,  has  been  ap- 
pointed exclusive  agent  in  the  United  States  for  George  Cra.d- 
dock  &  Co..  Ltd.,  Wakefield,  England,  manufacturers  of  wire 
rope,  cable,  etc. 

Chester  H.  Lehman,  for  the  past  six  years  secretary  and  di- 
rector of  the  Blaw-Knox  Co..  Pittsburgh,  has  entered  the  service 
of  the  United  States  Government  for  the  duration  of  the  war 
as  first  lieutenant  in  the  Ordnance  Department.  Mr.  Lehman 
is  a  Harvard  graduate,  class  of  1909. 

The  Duplex  Truck  Co.,  Lansing.  Mich.,  is  constructing  new 
factory  buildings  that  will  give  about  100,000  ft.  of  additional 
space."  One  of  the  buildings  will  be  402  by  72  ft.  and  the 
other  306  bv  72  ft.  Both  are  two-story  structures.  With  the 
completion  of  the  buildings  the  company's  production  of  heavy 
haulage  trucks  will  be  increased  to  about  300  monthly  during 
1918.  It  is  stated  that  the  value  of  Duplex  trucks  to  be  manu- 
factured during  1918  will  total  $12,960,000,  or  about  ten  times 
the   value   of   the   1917    production. 
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The  Successful  Swinging  of  the 
Quebec  Bridge 

Civil  engineers  and  contractors  will  rejoice  at  the 
news  of  the  successful  raising  of  the  great  center 
span  of  the  Quebec  Bridge.  A  work  unprecedented  in 
magnitude  and  unique  in  difficulty  has  been  finally 
completed,  after  two  disasters,  the  first  in  1907,  when 
the  bridge  collapsed  during  erection,  and  the  second 
a  year  ago,  when  the  center  span  fell  while  being 
raised  from  scows  fsee  Engineering  and  Contracting, 
Sept.  27,  1916). 

Elsewhere  we  publish  a  newspaper  description  of 
the  process  of  raising  the  new  span,  which  was  begun 
Sept.  17  and  finished  Sept.  20.  Many  of  our  readers 
will  find  this  non-technical  "story"  of  interest,  not 
only  because  of  its  vividness,  but  because  of  the  evi- 
dently great  impression  that  thii-".  engineering  achieve- 
ment produced  in  the  mind  of  the  "lay"  writer  who 
describes   it. 


Growing  Popularity  of  Fee  Con- 
tracts for  Building  Construction 

If  the  engineer  or  architect  receives  a  percentage 
fee  for  the  design  of  a  building,  why  should  not  the 
building  contractor  also  be  compensated  with  a  fee? 
Probably  the  main  reason  why  fee  contracts  are  not 
more  extensively  used  is  to  be  found  in  the  fear  of 
the  owner  that  the  building  will  cost  more  than  the 
estimated  sum,  for  a  fee  contract  ordinarily  guaran- 
tees no  definite  total  cost.  Nevertheless  the  fee  con- 
tract grows  steadily  in  popularity. 

In  our  issue  of  Aug.  22  the  officials  of  three  large 
construction  companies  were  quoted  as  to  methods 
employed  by  them  in  selling  the  services  of  their 
companies.  Each  of  them  secures  a  great  deal  of 
work  under  some  form  of  "cost  plus  a  fee  contract." 
Among  the  reasons  advanced  in  favor  of  such  a  con- 
tract are  these:  (1)  The  contractor  can  win  con- 
tinued success  only  by  satisfying  his  clients,  for  it 
is  upon  their  recommendations  that  he  mainly  de- 
pends in  securing  new  work.  (2)  The  interests  of  the 
owner  and  the  contractor  are  not  opposed  one  to  the 
other,  but  are  mutual.  Changes  can  be  made  in  plans 
without  incurring  bills  for  "extras,"  litigation  is 
avoided,  and  "scamping"  the  work  is  unheard  of. 
(3)  The  contractor  is  not  under  the  expense  of  esti- 
mating the  probable  co-st  in  detail,  and  the  owner  need 
not  incur  the  expense  of  continuous  inspection  of  the 
work.  (4)  The  contractor  can  assist  the  owner's  en- 
gineer or  architect  in  improving  the  economic  design 


of  the  building.  (5)  The  contractor  wishes  to  earn 
his  fee  as  quickly  as  possible,  particularly  if  the  fee  is 
a  fixed  sum,  so  that  the  work  is  expedited. 

Against  these  advantages  the  owner  often  sets  the 
uncertainty  as  to  what  the  building  will  cost;  but 
if  he  can  be  induced  to  believe  that  the  contractor  is 
an  efficient  manager,  experienced  in  the  given  class 
of  work,  and,  above  all,  honorable,  doubt  as  to  the 
exact  ultimate  cost  does  not  remain  an  insuperable 
objection. 

In  these  times  of  uncertainty  as  to  delivery  of  ma- 
terials and  as  to  the  labor  market,  cost  plus  a  fee  con- 
tractors are  becoming  increasingly  papular. 


How  Condensation  of  Atmospher- 
ic Moisture  Causes  Rot  and  Rust 

In  designing  and  building  walls  and  roofs  there  has 
frequently  been  a  failure  to  consider  the  effect  of  at- 
mospheric humidity.  Air  always  contains  water 
which  will  condense  upon  any  solid  whose  tempera- 
ture is  below  the  "dew  point"  of  the  air.  Hence,  if 
the  warm  air  inside  of  a  building  escapes  through 
pores  or  cracks,  it  will  give  up  some  of  its  moisture 
to  the  cooler  surfaces  with  which  it  comes  in  con- 
tact. 

In  our  last  Buildings  and  Structures  Monthly  issue 
(Aug.  22)  there  was  an  article  entitled  "Relative  Ef- 
fectiveness of  Various  Types  of  Roofs  in  Prevent- 
ing Condensation,"  in  which  the  authors  pointed  out 
that  it  is  impracticable  to  prevent  the  condensation 
of  atmospheric  moisture  on  the  top  side  of  roof  planks. 
Consequently  such  plank  should  be  treated  with  cre- 
osote or  other  preservative  to  prevent  decay.  More- 
over, the  roof  should  be  made  thick  enough  to  flatten 
the  temperature  gradient  to  such  an  extent  that 
moisture  will  not  condense  on  the  under  surface  tif 
the  roof  planks.  The  authors  give  data  for  the  proper 
thickness  under  stated  conditions. 

In  the  same  issue  another  article  describes  the  rust- 
ing of  certain  steel  columns  in  a  fireproof  hotel  7 
years  old.  It  is  stated  that  the  brickwork  and  ashlar 
facing  did  not  suffice  to  prevent  the  penetration  of 
rain  water  and  that  the  steel  in  the  outer  faces  of  wall 
columns  had  begun  to  rust.  While  it  may  be  true  that 
rain  had  penetrated  the  masonry,  it  is  not  improbable 
that  the  humidity  of  the  air  may  also  have  caused  the 
rusting  of  the  steel. 

Structural  engineers  will  do  well  to  give  considera- 
tion to  the  phenomenon  of  moisture  condensation  re- 
sulting from  the  drop  ot  temperature  of  air  that  cir- 
culates even  slowly  in  roofs  or  walls. 
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$500,000,000    for    Cantonments 
and  Other  Government  Build- 
ings for  War  Purposes 

Major  W.  A.  Starrett,  expert  advi.ser  in  the  build- 
ing of  the  16  cantonments  for  the  draft  armies,  states 
that  the  government  has  expended  $150,000,000  on  this 
work  in  three  months.  More  than  4,000  miles  of  fin- 
ished road  surface,  2.000  miles  of  water  pipe,  2,000 
miles  of  sewers  and  4,000,000,000  ft.  B.  M.  of  lum- 
ber were  involved  in  this  work.  At  each  of  the  16 
camps  there  were  employed  8,000  to  10,000  men.  On 
one  job  the  contractor  held  a  foreman's  meeting  every 
morning,  at  which  as  many  as  500  foremen  were  pres- 
ent. The  government  had  150  representatives  In  each 
cam.p. 

Mr.  Starrett  states  that  in  addition  to  the  gigantic 
cantonment  construction  the  government  has  $350,- 
000,000  worth  of  buildings  in  progress  or  contempla- 
tion. 


Graphical  Solution  of  Continuous 
Beams 

By  W.  S.  WOLFE, 


The  Counties  of  Iowa  to  Co-oper- 
ate in  Buying  Bridge  and 
Road  Materials 

As  a  result  of  delays  in  securing  the  delivery  of 
materials,  the  supervisors  of  the  99  counties  in  Iowa 
have  taken  the  first  step  toward  co-operative  buying 
under  standard  specifications.  Delivery  on  contracts, 
especially  on  steel  and  lumber,  has  been  so  slow  that 
construction  work  has  been  seriously  delayed  and 
often  entirely  suspended  in  many  counties.  Acting 
individually,  the  counties  were  almost  helpless.  This 
situation  led  Mr.  T.  H.  MacDonald,  Chief  Engineer 
of  the  Iowa  Highway  Commission,  to  deliver  a  paper 
before  the  State  Association  of  County  Supervisors, 
outlining  a  co-operative  buying  system.  The  Asso- 
ciation endorsed  Mr.  MacDonald's  plan,  and  pro- 
vided for  the  appointment  of  an  executive  committee 
to  put  it  into  effect. 

In  our  next  issue,  Oct.  3,  we  will  print  Mr.  Mac 
Donald's  paper  in  full,  for  we  believe  that  he  has  ad- 
vanced a  plan  that  will  be  adopted,  not  only  in  Iowa, 
but  in  many  other  states. 


Bituminous  Carpets  on  Plank 
Floors  of  Bridges 

Probably  the  first  use  of  a  bituminous  carpet  on  a 
plank  floor  of  a  bridge  occurred  in  California.  At  any 
rate,  for  many  years  it  has  been  the  practice  of  cer- 
tain county  engineers  in  that  state  to  cover  the  wooden 
floors  of  trestles  and  bridges  with  a  thin  layer  of 
heavy  asphaltic  oil  and  sand,  forming  a  mat  that  not 
only  protects  the  plank  from  abrasion,  but  from  rot. 

The  Minnesota  Highway  Commission  has  been  ex- 
perimenting with  a  bituminous  surfacing  for  plank 
floors,  and  the  statement  has  been  issued  that  the  re- 
sults justify  the  extended  use  of  this  type  of  floor  sur- 
facing. 

The  Illinois  State  Highway  Department  for  the  past 
4  years  has  been  using  a  bituminous  mastic  for  cover- 
ing bridge  floors.  A  general  description  of  this  work 
and  the  unit  cost  will  be  found  in  our  issue  of  Aug.  1. 
Elsewhere  in  this  present  issue  we  give  specifications 
for  the  work. 
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The  analysis  of  a  continuous  beam  of  two  unequal 
spans  with  an  irregular  loading  is  a  rather  difficult 
problem  when  analytical  methods  are  applied.  Such 
a  problem  can  be  handled  by  graphical  construction 
in  a  very  interesting  way. 

The  upper  part  of  Fig.  1  illustrates  a  continuous 
beam  of  two  unequal  spans  which  is  assumed  to  carry 
a  number  of  concentrated  loads  at  irregular  intervals. 
All  three  supports  will  be  considered  to  have  the 
same  elevation.  The  concentrated  loads  are  laid  off 
in  the  force  polygon,  Fig.  2,  and  the  pole  p  is  chosen, 
making  H  equal  to  30,000  lb.  for  convenience.     Start* 

ing  at  m  the  funicular  polygon  m  1,  2,  3,  4 n 

is  drawn  in  Fig.  1.  Now  if  we  only  knew  where  to 
locate  point  z,  we  would  have  the  reactions  and  the 
moment  diagram  by  drawing  the  closing  strings  zm 
and  zn  and  parallel  to  these  the  corresponding  rays 
in  Fig.  2.  The  elastic  curve  is  used  in  locating  this 
point  z. 

Choose  some  point  x  on  the  action  line  of  R=,  which 
appears  to  be  a  reasonable  guess  for  z,  and  draw  xm 
and  xn.  For  the  present  consider  that  these  two 
strings  are  the  closing  strings  of  the  moment  diagram 
and  draw  the  elastic  curve  using  the  ordinary  graph- 
ical construction.  This  moment  diagram  in  Fig.  1 
is  divided  into  slices  and  the  areas  of  these  slices  are 
laid  off  to  some  scale  along  the  load  line  in  Fig.  4. 
The  pole  distance  H'  is  made  equal  to  E  I  ^  (Hna), 
in  this  case  equal  to  E  I  ^  (H.5.60),  so  that  the  ver- 
tical intercepts  in  Fig.  3  between  the  funicular  poly- 
gon and  the  closing  string  st  will  give  five  times  the 
actual  deflection.  For  positive  areas  the  pole  p'  is 
taken  on  one  side  of  the  load  line  and  for  negative 
areas  on  the  other  side.  From  Fig.  4,  using  the  va- 
rious poles  and  rays  in  order,  the  funicular  polygon 
Fig.  3  is  drawn,  each  string  being  parallel  to  its  cor- 
responding ray  in  Fig.  4.    When  the  moment  diagram 

is  xm  1,  2,  3 nx,  the  funicular  polygon  in 

Fig.  3  is  the  elastic  curve  and  deflections  are  given 
five  time  actual  size  by  the  vertical  distances  between 
this  funicular  polygon  and  the  straight  line  st.  In 
Fig.  3  it  is  found  that  the  elastic  curve  is  above  the 
line  st  a  distance  D  at  Ri-,  or  we  might  say  that  there 
is  a  deflection  up  at  R..  This  means  that  R.-  is  1 '5  of 
D  higher  than  R^  and  Rs  when  the  moment  diagram  is 

xm  1,  2 nx.     It  is  therefore  evident  that  x 

was  taken  too  high,  and  too  much  moment  was  as- 
sumed to  exist  at  R:. 

Knowing  this,  point  y  is  chosen,  giving  a  smaller 
moment  at  Ri.  The  closing  strings  ym  and  yn  are 
di-awn,  giving  a  moment  diagram  the  areas  of  which 
are  laid  off  in  Fig.  6,  and  from  Fig.  6,  Fig.  5  is  drawn. 
Fig.  5  shows  that  point  y  gives  too  little  moment  at 
R-;  it  really  gives  the  moment  which  would  exist  if 
R.  were  1/5  D,  lower  than  Ri  and  Ri.  The  correct, 
position  of  z,  the  one  giving  the  moment  at  R.  when 
the  three  supports  are  at  the  same  elevation  must  be 
somewhere  between  x  and  y.  Make  xu  equal  to  D  and 
yv  equal  to  D,  and  draw  uv,  thus  locating  z  approx- 
imately. 

For  a  check  the  closing  strings  zm  and  zn  are  drawn 
and  the  areas  of  this  third  moment  diagram  are  laid 
off  in  Fig.  8  from  which  the  elastic  curve  Fig.  7  is 
drawn.     This  elastic  curve  should  intersect  or  come 
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tangent  to  the  straight  line  S:  t.  at  R..  The  error  is 
found  to  be,  e,  a  very  small  amount,  especially  when 
it  is  considered  that  the  vertical  dimension  in  this 
figure  has  been  magnified  five  times. 

The  problem  has  thus  been  solved  and  checked. 
The  moment  diagram  for  the  case  when  the  three  sup- 
ports are  at  the  same  elevation  is  zm  1,  2 nz 

and  by  drawing  rays  in  Fig.  2,  parallel  to  the  closing 
strings  zm  and  zn  the  reactions  R,,  R.  and  Rj  are 
found.  The  magnitude  Df  the  moment  at  any  section 
is  found  by  multiplying  the  proper  intercept  in  Fig.  1 
by  the  pole  distance  in  Fig.  2. 

A  very  interesting  feature  of  this  construction  is 
the  fact  that,  given  any  moment  at  the  center  support, 
the  relative  elevation  of  the  three  supports  can  be 
found  by  constructing  the  elastic  curve.  Or  after  a 
careful  extension  of  the  curve  uzv  the  moment  which 
will  exist  at  Ri,  when  R.-  has  settled  a  distance  d«  be- 


Construction  Costs  of  Various 
Types  of  Freight  Han- 
dling Wharves 

A  considerable  amount  of  data  concerning  the  lat- 
est and  best  practice  in  the  construction  of  freight- 
handling  wharves  has  been  collected  by  a  commit- 
tee of  the  American  Railway  Engineering  Association. 
The  information  was  obtained  from  members  of  the 
association  and  is  summarized  in  the  July  Bulletin  of 
the  association  by  Mr.  W.  H.  Hoyt  as  a  portion  of  an 
interesting  article  on  the  design  of  docks  and  wharves. 
The  notes  that  follow  are  taken  from  the  above  men- 
tioned publication. 

Docks  at  San  Francisco,  Ferry  Point  and  Oakland, 
Santa  Fe  System. — The  Atchison,  Topeka  &  Santa  Fe 
Ry.   Coast  Lines   has   about  4,000  ft.   of  frontage  of 


low  the  other  two  supports,  can  easily  be  found. 
Measure  ofi"  5ds  as  shown  in  Fig.  1.  and  locate  the  in- 
tersection k,  from  this  point  project  back  to  the  action 
line  of  R=,  locating  point  j.  Then  jw  times  H  gives  the 
desired  moment. 


Some  New  Requirements  of  Illinois  Bridge  Specifi- 
cations.— The  new  general  specifications  for  bridge 
work  (edition  of  August,  1917),  of  the  Division  of 
Highways  of  the  State  of  Illinois  Department  of  Pub- 
lic Works  and  Buildings,  requires  that  all  steel 
bridges  having  spans  of  more  than  80  ft.  shall  have 
cast  hinged  bolsters  on  one  end  and  cast  hinged  rock- 
ers on  the  other  end  of  a  design  similar  to  that  pro- 
vided by  the  standard  designs  of  the  Division  of 
Highways.  Other  new  requirements  regarding  steel 
bridges  include  the  following: 

The  end  gussett  plates  of  pony  trusses  shall  be  connected  to 
the  base  plate  with  angles  having  2  rows  of  rivets  in  the  vertical 
leg.  \\\  bearing  surfaces  of  the  base  plates  and  vertical  webs 
shall  be  planed.  No  base  plate  or  web  connection  angle  shall 
have  a  thickness  of  less  than   y^  in. 

The  end  gussett  plates  of  pony  trusses  shall  be  connected 
transversely  with  a  diaphragm. 
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wharf  at  San  Francisco,  practically  all  of  which  is 
over  a  rock  seawall  and  is  supported  on  creosoted  piles, 
spaced  10  ft.  each  way.  The  intermediates  are  4  in. 
by  12  and  tracks  are  carried  with  two  pieces  of  12- 
in.  by  12-in.  under  each  rail  over  the  10-ft.  spans.  At 
Ferry  Point  the  railway  has  a  wharf  70  ft.  wide  by 
700  ft.  long.  In  1913  this  wharf  was  extended  and  :% 
new  freight  apron  built  on  the  end.  The  extension 
was  designed  primarily  for  the  accommodation  of 
barges  handling  cars.  The  wharf  on  either  side  of 
this  dock  was  constructed  as  a  support  for  the  spring 
line  of  the  slip.  This  also  is  true  of  a  new  slip  at 
Oakland.  The  latter  wharf  was  driven  with  a  10-ft. 
spacing  of  piles.  In  all  of  the  wharf  work  piles 
treated  with  16  lb.  of  creosote  are  used  for  salt  water 
driving.  All  the  above  mentioned  jobs  were  con- 
structed by  contract  covering  the  labor  only,  the  rail- 
way company  furnishing  all  the  material.  Each  con- 
tract was  made  up  on  the  basis  of  unit  prices  cover- 
ing each  kind  of  lumber  and  the  different  kinds  of 
piles. 
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At  Ferry  Point  tlic  unit  prices  were  as  follows: 

Pulling    piles    $15.00  each 

Taking  out  old  lumber 6.00  per  M 

Cutting  piles  off  on  present  wharf  to  new  grade 1.25  each 

Drive  and  fasten  standard  piles  9.35  each 

Drive  and  fasten  brace  piles   15.50  each 

Drive  and  fasten  fender  and  mooring  piles 7.15  each 

Drive  and  fasten  spring  piles   11.00  each 

Drive  and  fasten  cluster  piles   16.00  each 

Drive  and   fasten   dolphin   piles    - 18.50  each 

Placing    caps    21.00  per  M 

Stringers  and   con.pounds    16.00  per  M 

Planking     11.35  per  M 

Guard  rail    9.60  per  M 

Chocks    32.00  per  M 

Ribbing    31.70  per  M 

Spring  line  chocks   45.00  per  M 

Sheathing     18.60  per  M 

Intermediate    stringers    12.75  per  M 

Total  labor  (approximately)    $15,000 

At  Oakland  the  unit  prices  were  as  follows:' 

Drive  and  fasten  standard  piles   $  9.00  each 

Drive  and  fasten  brace    piles     15.00  each 

Drive  and  fasten  dolphin   piles    18.00  each 

Drive  and  fasten  cluster   piles    12.00  each 

Dri^'e  and  fasten  spring  piles    12.00  each 

Placing  caps  and  sub-caps.    21.00  per  M 

Placing  stringers    and    compounds 16.00  per  M 

Placing  intermediate   stringers    12.75  per  M 

Placing  planking    11.00  per  M 

Placing  guard  rail   9.00  per  M 

Placing  ribbing ■ 34.00  per  M 

Placing  chocks     40.00  per  M 

Placing  sheathing    18.00  per  M 

Taking  up   eld   timber 6.00  per  M 

Total   labor    (approximately) $19,000 

At  San  Francisco  the  unit  prices  were  as  follows: 

Drive  and  fasten  fender    piles    $  S.OO  each 

Drive  and  fasten  standard   piles    800  each 

Drive  and  fasten  mooring   piles    8.00  each 

Placmg  caps   20.00  per  M 

Compound  stringers    16.00  per  M 

Tr.ack    stringers 16.00  per  M 

Intermediate  stringers 15.00  per  M 

Fillers    10.00  per  M 

Guard  rail    10.00  per  M 

Planking    10.00  per  M 

Removing   old    lumber (T.OO  per  M 

Placing-  chocks 32.00  per  M 

Breaking  ofl   old  piles 3.00  each 

Pulling  piles   12.00  each 

■Placing  sub-cans   25.00  per  M 

»  ■ 

Total  labor  (approximately I S17.500 

Pier  No.  5,  Weehawken,  N.  J.,  New  York  Central  & 
Hudson  River  R.  R. — Designed  for  handling  outward 
business  (boats  to  cars)  only.  Built  on  pile  founda- 
tions. Has  adequate  floor  space  and  numerous  gang- 
ways to  make  short  trucking  possible.  It  is  securely 
sway  braced  with  4-in.  x  8-in.  plank  bolted  to  each 
pile,  also  girt  timbers  running  across  piling  under- 
neath wharf.  Has  double  layer  deck,  consisting  of 
a  lower  4-in.  plank  deck  covered  with  2-in.  x  4-in, 
beech  flooring.  The  total  contract  cost  of  the  sub- 
structure and  superstructure,  including  heating,  dry 
fire  protection  line,  electric  wiring  and  fire  alarm  sys- 
tem, was  about  $3  per  square  foot. 

Pier  and  Bulkhead  Platforms,  James  Slip  and  Olive 
St.,  New  York  City. — Has  a  9-in.  reinforced  concrete 
deck  on  timber  stringers  and  pile  foundation.  On  top 
of  the  9-in.  concrete  is  a  2'2-in.  asphalt  wearing  sur- 
face. The  front  of  the  wharf  is  fendered  with  oak 
piling  and  timber  securely  bolted  to  the  main  frame 
work.  The  unit  costs  are  stated  to  be  as  follows: 
Timber  decks,  including  rangers,  about  52  ct.  per 
square  foot;  reinforced  concrete  deck,  46  ct.  per  square 
foot,  and  with  2'-)  asphalt  wearing  surface  55  ct.  per 
square  foot.  The  figures  for  concrete  do  not  include 
the  cost  of  timber  construction  at  deck  level  on  the 
sides  of  the  dock. 

Dock  at  Sandusky,  O.,  for  Pennsylvania  R.  R. — This 
is  a  new  dock  for  coal  machine.  It  is  a  good  example 
of  filled  timber  crib  on  rock  foundation  with  mono- 
lithic concrete  superstructure.  The  average  height 
of  crib  is  18  ft.  The  unit  cost  per  lineal  foot  of  dock 
was  as  follows: 

Per  lin.  ft. 
of  dock. 
Hemlock  lumber  $  35.00 


Concrete  top  19.50 

Cast   iron    mooring    pust.s 1.5-U 

Total    $109.00 

Dock  at  Port  Bolivar,  Tex.,  Gulf,  Colorado  &  Santa 

Fe  Ry. — This  dock  is  a  timber  platform  supported  on 
pile  foundations.  Back  of  the  dock  proper  sheet  pil- 
ing has  been  driven  and  tied  back  by  V^-in.  iron  rods 
to  anchor  piles,  and  the  dock  filled.  The  geological 
formation  at  the  site  consists  of  alternate  layers  of 
water,  sand  and  sea  inlet  to  an  indefinite  depth.  It 
is  estimated  that  the  cost  of  a  pile  foundation  for 
concrete  walls  with  the  cost  of  the  necessary  caisson 
work  would  more  than  equal  the  entire  cost  of  the 
present  bulkheads  and  aprons.  The  unit  costs  were 
as  follows: 

Total  cost  of  bulkhead  per  lin.   ft $33.27 

Total  cost  of  apron  30  ft.  wide  per  sq.  ft 0.7343 

Cost  per  linear  foot  marine   treated  piles 0.385 

Cost  per  linear  foot  untreated    piles    0.085 

Cost  per  M.  feet  B.  M.  marine    treated    timbers 47.80 

Cost  per  M.  feet  B.  M.  full-eel!    treated    timbers 31.00 

Cost  per  M.  feet  B.  M.  untreated    timbers    21,80 

Cost  per  linear  foot  driving  marine   treated  piles 0.17 

Cost  per  linear  foot  driving  untreated  piles   0.15 

Cost  per  M.  feet  B.  M.  placing  marine  treated  limbers....   16.00 

Cost  per  M.  feet  B.  M.  placing  other  timbers 15.00 

Average  cost  of  freight  on  piles  about  $0.05  per  iin.  ft.,  and  on 
timbers   about   $5   per  M.   B.    Jl. 

Pier  No.  9,  Hoboken  Terminal,  Delaware,  Lacka- 
wanna &  Western  R.  R. — This  pier  has  been  in  use  for 
about  8  years.  It  is  a  2-story  steel  and  reinforced 
concrete  structure  supported  on  pile  foundations  stif- 
fened with  riprap  and  rubble  filling.  The  cost  was 
$4.25  per  square  foot, 

Lumber-Handling  Dock,  Lake  Superior,  Duluth,  Win- 
nipeg &  Pacific  Ry. — This  dock  was  designed  exclu- 
sively for  handling  lumber  from  railroad  cars  to  boats. 

Its  cost  was  as  follows: 

Engineering    charges    $  1,409 

Freight   charges   on    piling,    ties   and   plar:klng 5,089 

Piling,   103,185   lin.   ft 17,539 

Timber,  818,230  ft.  B.  M • 22,702 

Machine  bolts,   drift  bolts,  etc 1,480 

Iron  cleats,  25,  at  $8.75 219 

Contract   price  driving  piles,  92,791  lin.  ft.   left  in  work  at 


ct 


&,33 


Contract  price  framing  deck  and  bracing,  781,699  ft,  B.  M. 

left  In  work,  at  $6.90  per  M 5.394 

Excavation  for  mud   sills  on  bank 119 

Crib  at  end  of  dock: 

Iron   rods  for   tieing  crib 19 

Labor   applying   rods    f 4 

Stone  for  filling  crib,   64  cords  at  $7 44S 

Dredging.  177.427  cu.  yd.  at  11  ct 19,517 

Track,  60-lb.  rail,  and  fastenings,  second-hand 1,689 

Track,   labor   320 

Saunders  car  stoppers,  2  at  ?45 90 

Freight  on  car  stoppers i 

Total    $81,422 

Dock,  Toledo,  O.,  Hocking  Valley  Ry. — This  struc- 
ture is  typical  of  the  ore  and  coal-handling  docks  on 
the  Great  Lakes.  It  is  an  excellent  sample  of  crib- 
filled  structures  and  of  concrete  pier  supported  di- 
rectly on  piling.  On  account  of  the  heavy  distributed 
loads  to  be  carried  and  the  heavy  machinery  founda- 
tions it  requires  a  very  solid  substructure.  It  is  also 
thoroughly  tied  back  with  anchor  rods.  The  unit  tests 
were: 


12-in.   X   12-in.   timber  grillage  placed.  .$43.00 

2-in.    plank,   hardwood 38.00 

2-ln.    plank,    hemlock ^5.00 

Timber  piling  driven    28 

Steel  piling  driven    -02 

Concrete     placed     6.80 

Steel    "I"    Learns   placed 02 

Steel  reinforced  rods  placed 
Wrought  iron  rods  placed.. 

Dredging  and  waste 

Dredging    and    backfill 


per    M.    B,    M. 
per    M.    B.    M, 
per    M.    B.    M, 
per  lin.  ft, 
per  lb. 
per  cu.  yd. 
per  lb. 
02  Yz  per  lb. 
.05       per  lb. 

per  cu.   yd. 
per  cu.    yd. 


Framing,  placing  and   sinking. 
Iron   (lie  bolts,   drift  bolts,   etc.). 

Stone   (for  sinking  cribs) 

Leveling  foundations    


25.00 
14.00 
12.00 
2.00 


The  "above  prices  do  not  include  company  freight  or  super- 
vision. 

Dock  on  Chicago  River,  Chicago,  Milwaukee  &  St. 
Paul  Ry. — This  is  a  very  simple  structure  composed  of 
a  front  row  of  piling  with  sheet  piling  anchored  back 
to  anchor  timbers  and  piles  with  li4-in.  rods.  The 
dock  is  then  filled.  These  docks  in  Chicago  and  Mil- 
waukee cost  from  $18  to  $25  per  lineal  foot,  depend- 
ing upon  local  conditions. 
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Bituminous     Wearing  Surfaces  for  ,  ^pon  the  layer  of  asphalt  thus  poured  there  shall 

__.     ,                  D    •  J  spread  a  second  layer  of  gravel  which  shall  not 

Hlgnway  DridgeS  exceed  the  thickness  of  a  single  layer  of  pebbles,  but 

For  the  past  four  years  the  Illinois  State  Highway  ^'^'<^^  ™"'*.,^^  ,^P'"^''^  ^"  sufficient  quantity  to  cover 

Department  has  been  using  a  bituminous  mastic  for  completely  the  layer  of  asphalt. 

covering  old  bridge  floors.     This  wearing  surface  has  Upon  the  layer  of  gravel  thus  spread  there  shall 

been  recommended  only  in  cases  where  the  existing  ^^  poured   hot  asphalt   until   all   the   interstices   are 

structure  was  too  good  to  destroy  and  where  it  would  filled,  the  asphalt  having  a  temperature  of  not  less 

not  carry  the  additional  dead  weight  of  a  new  con-  than  400     F. 

Crete  floor.     The  first  mat  surfaces  were  placed  by  Finish. — The  surface  shall  then  be  covered  with  a 

successive  applications  of  a  hot  bituminous  material,  layer  of  pebbles  just  sufficient  to  cover  the  asphalt, 

similar  to  that  ordinarily  used  for  bituminous  mac-  the  pebbles  to  well  rolled  or  tampered  into  the  asphalt 

adam  construction,  and  torpedo  gravel  or  stone  chips.  and  the  surface  finally  covered  with  coarse  sand  suffi- 

During  the  latter  part  of  1916  the  Maintenance  Di-  cient  to  take  up  any  free  asphalt.    After  the  surface 

vision  of  the  Department  began  using  emulsified  as-  has  stood  for  one  day,  it  may  be  opened  to  traffic, 

phalt  for  the  bituminous  compound,  thus  permitting  _.^       .            „^       .        „     .           „,,,.. 

the  application  of  a  cold  bituminous  mixture  on  iso-  Bituminous  Wearing  Surface— Cold   Mixing   Method, 

lated  bridges  where  it  is  not  convenient,  or  econom-  Using  an  Asphalt  Emulsion. 

ical  to  employ  heating  apparatus     The  emulsified  as-  Asphalt  Emulsion.-The  emulsion  shall  consist  of 

phalt  and  aggregate  can  be  mixed  in  an  ordinary  con-  ^^phM,  water  and  fattv  or  resin    soap    thoroughly 

Crete  mi.xer,  thereby  getting  a  good  bituminous  con-  emulsified.    It  shall  conform  to  the  following  require- 

creie.  ments: 

The  new  edition  (issued  in  August)  of  the  General 

Specifications   for   Bridge   Work   of   the    Division    of  lp°^2!fi^c' s^TvTty  of' dehydVatWd  materiW^^^^^^^ 

Highways    of   the    State    of   Illinois    contains    Specifica-  Penetration  of  dehydrated  material.  25"' C,  100  ems..  5  sec 

tions  for  both  tvpes  of  these  bituminous  wearing  sur-  t^  1  i  tiV mi     ^  i   i  i  ■ ,    V,  i 

faces.     The  principal   requirements  of  the  specifica-  T°***'  ?         ?«T   ^      1   bitumen  shall  be  consid- 

tions  follow  ^^       ^^  being  100  minus  the  sum  of  the  percentages 

„.,       .       '     „T       .        or           T,  .L    II       X     X-  of  water,  of  fatty  or  resin  acids,  of  organic  matter  in- 

Bitummous    Wearing    Surface-Hot    Penetration  soluble  in  carbon  disulphide  other  than  fatty  or  resin 

•                                           Method.  acids  from  the  soap,  or  mineral  matter  (ash),  and  of 

Asphalt. — The  asphalt  used  for  bituminous  wearing  ammonia, 
surface  shall  conform  to  the  following  requirements:  For  percentages  of  water,  fatty  or  resin  acids,  or- 
Asphalt  shall  have  a  specific  gravity  at  25°  C.  of  not  ganic  matter  insoluble  in  carbon  disulphide,  mineral 
less  than  0.97  nor  more  than  unity.    It  shall  be  soluble  matter    (ash),   and   ammonia.   United   States   Depart- 
in  cold  carbon  disulphide  to  the  extent  of  at  least  9S  rnent  of  Agriculture  Bulletin  314,  p.  41. 
per  cent.     Of  the  total  bitumen    not  less  than  22  per  gp^^j^^  g^-^^^j^y     Standardized  pvcnometers.  United 
cent  nor  m,ore  than  30  per  cent  shall  be  ^soluble  in  g^^^es  Department  of  Agriculture  Bulletin  314,  p.  4. 
86    B.  naphtha.    W-hen  20  grams  (in  a  tin  dish  2V2  m.  _       ^     ,.           .    c^    r^    -.^    r.^.      ,    r„    ,  ^^  ^    „ 
in  diameter  and  %  m.  deep  with  vertical  sides)   are  Penetration.-A.  S.  T.  M.  Stand.   Test  D  5-16. 
maintained  at  a  tem.perature  of  163'  C.  for  5  hours  in  Aggregate.— The  aggregate  shall  consist  of  crushed 
a  N.  Y.  testing  laboratory  oven,  the  evaporation  loss  -^tone  chips  uniformly  graded  from  s.i  in.  down  to  dust 
shall  not  exceed  2  per  cent  and  the  penetration  shall  v.-ith  all  dust  removed,  to  which  shall  be  added  suffi- 
not  have  been  decreased  more  than  25  per  cent.    The  cient  sand  to  fill  all  remaining  voids,  but  not  to  ex- 
fixed  carbon  shall  not  exceed  16  per  cent  by  weight,  ceed  20  per  cent  of  the  volume  of  the  aggregate. 
The  penetration  as  determined  with  the  Dow  machine  Cleaning  Sub-Planking. — Before  placing  the  wear- 
using  a  No.  2  needle,  100  gm.  weight,  5  seconds  time,  ing   surface,  the   sub-planking   shall    be    thoroughly 
and  a  temperature  of  25°  C.  shall  be  not  less  than  30  cleaned  from  all  foreign  material  and  all  cracks  shall 
nor  more  than  50.     The  asphalt  shall  contain  not  to  be  filled  with  wood  strips  or  oakum, 
exceed  6  per  cent  by  weight  of  paraffine  scale.  Mixing  Materials.— The  aggregate  and  the  asphalt 

Aggregate.    The  aggregate  shall  consist  of  screened  emulsion  shall  be  mixed  cold  in  the  proportions  of  1 

gravel,  which  shall  have  been  approved  by  the  engi-  gal.  of  emulsion  tp  1  cu.  ft.  of  aggregate.     To  facili- 

neer,  dry,  free  from  dust,  dirt  and  clay,  and  graded  tate  mixing,  water  to  the  extent  of  20  per  cent  may 

in  size  from  %  in.  to  %  in.  be  added  to  the  emulsion.  The  proportions  given  above 

Cleaning  Sub-Planking.— Before  placing  the  wear-  for  mixing  the  aggregate  and  the  emulsion  are  based 

ing  surface,   the   sub-planking   shall    be    thoroughly  on  the  undiluted  emulsion.    The  mixing  shall  be  done 

cleaned  from  all  foreign  material  and  the  cracks  shall  on  a  tight  mixing  board  or  in  a  batch  concrete  mixer, 

be  filled  and  the  plank  covered  to  a  depth  of  approx-  and  shall  continue  until  all  particles  of  the  aggre- 

imately  %  in.  with  asphalt  of  the  character  herein  gate  are  thoroughly  coated. 

specified,  which  shall  be  applied  at  a  temperature  of  Placing  Wearing  Surface. — After  mixing,  the  ma- 

not  less  than  400°  F.    The  sub-planking  shall  be  dry  terial  shall  be  spread  upon  the  roadway  in  sufficient 

when  the  asphalt  is  applied.  quantity  to  provide  a  thickness  of  %  in.,  after  rolling 

Placing  Wearing    Surface.— The    gravel    shall    be  or  tampering, 

spread  on  the  asphalt  covering  while  the  same  is  hot  Finish. — After  the   material    has    been    rolled   or 

and  in  a  quantity  which  will  just  cover  the  asphalt,  tamped  smooth  and  to  a  uniform  thickness  of  %  in.. 

The  thickness  must  not  exceed  that   which   will   be  the  surface  shall  be  given  a  paint  coat  of  the  emul- 

formed  by  a  single  layer  of  the  gravel  pebbles.  sion  applied  at  the  rate  of  14  gal.  per  square  yard, 

Upon   the   material    thus    spread,    there    shall   be  and  then  shall  be  covered  with  coarse  sand  sufficient 

poured  hot  asphalt  until  the  interstices  are  all  filled,  to  take  up  any  free  asphalt  and  to  fill  all  voids  in  the 

the  asphalt  being  at  a  temperature  of  not  less  than  surface.     After  the  surface  has  stood  for  one  day,  it 

400°  F.  mav  be  opened  to  traffic. 
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Design  and  Construction  Features 

of  New  Buildings  of  South 

Park  Commissioners 

of  Chicago 

The  remarkably  pleasing  appearance  at  low  cost 
which  the  South  Park  Commissioners  of  Chicago  have 
attained  during  the  last  few  years  in  buildings  erect- 
ed in  the  large  number  of  parks  under  their  jurisdic- 


gymnasiums,    located   at   the   ends   of   the    structure, 
100  ft. 

The  feature  of  greate.«t  interest  in  these  buildings 
is  a  monolithic  concrete  construction  in  which  a  rough 
uniform  surface  wall  texture  is  obtained  without 
tooling  or  any  kind  of  acid  treatment.  In  the  cen- 
tral and  two  end  facades  of  the  front  of  the  new  group 
of  buildings  the  rough  surface  texture  has  been  car- 
ried into  more  ornamental  design  by  the  extensive  use 
of  plaster  cast  forms   than  has   been  heretofore  at- 


First    Floor    Plan    of    Group    of    Park    Buildings,    McKinley    Park,    Chicago,   III. 

tion  is  brought  to  highest  development  in  a  new  group  tempted  in  this  style  of  surface.     A  great  improve- 

of  structures  under  construction  in  McKinley  Park,  ment  in  the  design   of  these  buildings  as  compared 

This  park  is  located  in  the  southwestern  part  of  the  with  others  built  by  the  South  Park  Commissioners  is 

city  and  has  an  area  of  54  acres.    The  new  buildings  that  they  are  so  grouped  that  every  department  con- 


Exaniples    cf    Rough    Sui-face    Finish    of    New    Park    Buildings    of  South    Park    Commission 


form  the  recreation  center  and  consist  of  a  large  T- 
shaped  structure  and  a  power  plant.  The  general  di- 
mensions of  the  large  building  are:  Length,  320  ft.; 
central  axis,  152  ft.;  axis  of  the  women's  and  men's 


nects  directly  with  the  director's  office,  situated  in  a 
large  lobby  in  the  center  of  the  structure. 

The  women's  end  of  the  building  contains  a  gym- 
nasium with  lobby,  instructor's  room  and  store  room; 
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locker  room  with  attendant's  room  and  toilet;  sep- 
arate shower  rooms  for  women  and  girls,  the  women's 
showers  being  enclosed  in  separate  booths ;  club  room 
and  rest  room.  The  gymnasium,  locker  room  and  club 
room  are  entered  from  a  wide  portico.  The  men's 
end  of  the  building  is  similar  in  design  to  the  women's 
end  e.xcept  that  it  contains  a  library  room  in  place  of 
the  club  and  re.st  rooms.  The  center  of  the  building 
is  occupied  by  the  lobby,  check  rooms  and  a  large 
assembly  hall  equipped  with  stage  and  dressing 
rooms. 

The  usual  style  of  wood  forms  were  used  for  the 
walls,  the  forms  being  set  up  both  horizontally  and 
vertically  as  conditions  required.  For  many  of  the 
panels  and  pilasters  the  forms  were  set  vertically. 
The  wall  is  made  up  of  a  central  core  of  4-in.  hollow 
tile  faced  on  either  side  with  concrete,  the  tile  be- 
ing anchored  into  the  concrete.  The  tile  were  laid 
in  12-in.  courses  followed  by  12-in.  courses  of  the  con- 
crete on  either  side.  This  permitted  the  concrete  to 
be  so  laid  that  the  line  of  break  between  two  courses 
would  be  opposite  the  center  of  a  corpse  of  tile. 

The  specifications  for  the  aggregates  in  all  exposed 
walls  called  for  2  parts  of  cement  to  3  parts  of  tor- 
pedo sand  and  9  parts  of  crushed  limestone,  the  lime- 
stone to  be  screened  to  sizes  that  all  would  flow  over  a 
Vs-in.  mesh  and  pass  a  "'s-in.  mesh.  A  thorough  ma- 
chine mi.x  using  a  very  small  quantity  of  water  is  one 
of  the  most  important  features  in  producing  this  uni- 
form rough  surface  texture  concrete.  The  rule  was 
to  use  only  sufficient  water  so  that  the  mixed  concrete 
would  adhere  when  firmly  pressed  in  the  hand.  When 
placing  the  concrete  it  was  tamped  very  hard  in  the 
center  of  the  wall  adjoining  the  tile  core  and  very  lit- 
tle near  the  surface. 

The  contract  for  all  concrete  work  was  let  to  Schil- 
linger  Construction  Co.,  2322  N.  Seeley  Ave.,  Chicago, 


Construction    View    of     New    South     Park     Buildinas. 

who  used  for  mixing  the  larger  part  of  the  concrete 
a  Vs-yd.  "Standard"  low  charging  mixer.  The  porta- 
bility of  this  mixer  enabled  it  to  be  moved  along  as 
the  work  progressed  and  by  distributing  the  aggre- 
gates around  the  building  the  concrete  could  be  mixed 
and  placed  with  least  hand  wheeling. 

All  plans  for  these  buildings  were  made  by  the  en- 
gineering department  of  the  South  Park  Commission- 
ers under  the  direction  of  Mr.  Linn  White,  Chief  En- 
gineer. Representatives  of  the  South  Park  Commis- 
sioners say  that  the  design  and  arrangement  of  these 
buildings  are  superior  to  any  they  have  hitherto  pro- 
duced for  park  recreation  purposes. 


An  Eccentric  Loading  Experiment 

By  J.  A.  VANDEN  BROCK, 
Instructor  in  Engineering  Mechanics,  University 
of  Michigan. 
The  theory  of  eccentric  loading,  leading  to  the  form- 
P  +  P  X  eX  c 

ula    f=: is    one    of    the    theories    in 

A  I 

strength  of  materials  most  open  to  criticism  as  dis- 
playing disagreement  between  theoretical  conclusions 
and  supposed  common-sense  conclusions. 

For  example,  when  the  above  formula  proves  that  a 
column  having  a  cross  section  of  12  in.  x  16  in.  and 
loaded  6  in.  from  three  sides  and  10  in.  from  the  fourth 
side  (as  shown  in 
sketch)  may  be 
strengthened  by  r  e- 
moving  a  slice  4  in. 
thick  as  if  cut  along 
the  dotted  line  and  re- 
ducing it  to  a  column 
12  in.  square  loaded  in 
the  center,  the  sound- 
ness of  the  theory  and 
the  accuracy  of  the 
formula  is  likely  to  be 
questioned. 

The  accompanying 
photograph  and  table 
are  taken  from  an  ex- 
periment in  a  student's 
course  in  testing  ma- 
terials at  the  Univer- 
sity of  Michigan,  de- 
signed by  the  author 
to  test  the  theory  and  verify  the  formula. 

A  9-in.,  21-lb.,  I-beam  24  in.  long  was  loaded  as  a 
column.  The  ends  of  the  column  were  faced  and  heavy 
bearing  blocks  were  made  to  fit.  Grooves  were  cut  into 
the  bearing  blocks  into  which  steel  rods  would  fit  to 
give  eccentricities  of  0,  1,  2,  3  and  4  in.,  respectively. 
One  rod  was  placed  on  the  table  of  a  200,000-lb.  ca- 
pacity testing  machine.  One  bearing  block  was  then 
placed  upon  it  with  the  rod  fitting  the  groove  that 
would  give  the  desired  eccentricity. 

The  column  with  the  second  bearing  block  and  rod 
were  subsequently  placed.  After  plumbing  the  whole 
arrangement,  the  crosshead  of  the  machine  was 
brought  down. 

Two  8-in.  Berry  strain  gages  were  fastened  with 
elastic  ribbons  on  opposite  flanges  of  the  column  as 
shown  in  the  photograph. 

The  Berry  strain  gage  consists  of  a  steel  frame  to 
which  two  points  are  fastened  8  in.  apart.  One  of  the 
points  is  fixed;  the  other  point  turns  around  a  pivot 
and  is  part  of  a  lever  extending  inside  of  the  steel 
frame  to  underneath  the  Ames  dial.  As  the  specimen 
is  compressed  the  points  on  the  gage  move  closer  to- 
gether; the  invisible  part  of  the  lever  moves  out  from 
the  column  and  bears  against  the  Ames  dial.  The 
Ames  dial  records  this  motion,  called  yi  and  y=  in  the 
table.  This  reading  must  be  divided  by  5  to  give  the 
movement  of  one  of  the  gage  points  relative  to  the 
other  and  again  divided  by  8  to  give  the  strain  or  the 
shortening  of  the  column  under  the  gage  in  question 
in  terms  of  inches  per  inch.  This  strain  multiplied 
by  the  modulus  of  elasticity  (E)  gives  the  stress  ft 
and  f:. 

During  the  progress  of  the  experiment  the  load  was 
applied  by  suitable  increments  and  simultaneous  read- 
ings of  load  and  strain  gages  were  taken. 
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Table  I  gives  the  results  of  one  experiment.  The 
actual  stress  in  Columns  4  and  5  is  figured  on  the  as- 
sumption E  =  29,000,000  lb.  per  square  inch.  A  com- 
parison between  Columns  3  and  8  and  between  4  and 
9  shows  that  the  actual  and  theoretical  stresses  in  the 
steel  check  very  closely  and  well  within  the  possible 
experimental  error.  It  appears  therefore  that  the 
formula  is  exact  and  the  theory  unquestionably  right, 
and  variation  from  the  formula  can  only  be  expected 
where  the  assumptions  on  which  its  development  are 
based  are  violated. 

The  most  fundamental  assumption  underlying  the 
theory  is  the  assumption  that  the  material  in  ques- 
tion is  elastic.  Steel  was  selected  for  the  experiment 
as  the  most  elastic  material  obtainable,  but  even  hot 


Eccentric    Loading    Test. 

rolled  steel  is  not  perfectly  elastic  under  very  low 
stresses,  the  modulus  of  elasticity,  E.,  for  stresses 
under  about  5,000  lb.  per  square  inch  ordinarily  be- 
ing higher  than  for  a  range  of  stress  from  5,000  lb. 
per  square  inch  to  30,000  lb.  per  square  inch.  This 
discrepancy,  together  with  some  possible  error  in  the 
assumption  of  the  value  of  E  easily  accounts  for  the 
slight  differences  between  theoretical  and  actual 
stresses. 

The  table  shows  that  with  an  eccentricity  of  3  in. 
the  e.xtreme  fiber  stresses  on  one  side  of  ^he  column 
are  zero  and  on  the  other  side  of  the  column  are 
double  the  average  stress;  while  with  an  eccentricity 
of  4  in.  tensile  stresses  were  developed  in  the  e.xtreme 
fibers  on  one  side  of  the  column. 

The  theory  of  eccentric  loading  is  applied  to  retain- 
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ing  walls,  dams,  column  footings  and  arch  rings  possi- 
bly more  frequently  than  to  steel  columns.  In  all  the 
above  named  instances  the  cross  section  on  which  the 
stresses  are  computed  is  rectangular  and  the  theory 
of  loading  proves  the  resultant  load  must  cut  the  sec- 
tion within  its  middle  third  in  order  to  avoid  tensile 
stresses  in  the  structure. 

In  our'  experiment,  an  eccentricity  of  3  in.  corre- 
sponds to  a  resultant  cutting  a  rectangular  section  at 
the  one-third  point,  while  an  eccentricity  of  4  in.  cor- 
responds to  a  resultant  cutting  a  rectangular  section 
outside  of  the  middle  third  of  the  section. 


Rail   Inclination,  Wheel  Coning  and  Tie  Plates. — 

Our  attention  has  been  called  to  an  error  in  the  cap- 
tions of  the  illustrations  of  the  above  mentioned  ar- 
ticle which  appeared  in  our  July  25  issue.  The  title 
of  Fig.  1  should  have  been  "Results  of  Rail  Wear 
After  One  Year's  Service";  Fig.  3  should  have  been 
"Wear  on  Rail  Laid  Normal  to  Ties." 


The  U.  S.  Navy  Department  will  hold  an  examina- 
tion shortly  to  obtain  eligibles  to  fill  at  least  10  ex- 
isting vacancies  in  the  grade  of  Assistant  Civil  En- 
gineers, Corps  of  Civil  Engineers,  U.  S.  Navy.  Can- 
didates must  not  be  over  26  years  of  age,  must  be 
citizens  of  the  United  States.  They  must  be  a  grad- 
uate from  a  college  or  university  and  must  have  had 
at  least  14  months'  practical  professional  experience 
since  graduation.  The  salary  and  allowances  ap- 
proximate $2,500  per  year.  Further  particulars  may 
be  obtained  from  the  Chief  of  Bureau  of  Yards  and 
Docks,  Navy  Department,  Washington,  D.  C. 


The  American  Association  of  Engineers  now  has 
a  total  enrollment  of  over  2,200.  Since  the  associa- 
tion was  incorporated  about  2  years  ago  7  chapters 
have  been  organized,  the  last  three  being  in  St.  Paul, 
Milwaukee  and  Indianapolis. 
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Economics  of  Bridge  Design* 

It  has  been  found  by  experience  that,  for  trusses 
with  polygonal  top  chords,  the  economic  depths,  as  far 
as  weight  of  metal  is  concerned,  are  generally  much 
greater  than  certain  important  conditions  will  permit 
to  be  used.  For  instance,  especially  in  single-track, 
pin-connected  bridges,  after  a  certain  truss  depth  is 
exceeded,  the  overturning  effect  of  the  wind-pressure 
is  so  great  as  to  reduce  the  dead-load  tension  on  the 
windward  bottom  chord  to  such  an  ex-tent  that  the  com- 
pression from  the  wind  load  carried  by  the  lower  lat- 
eral system  causes  reversion  of  stress,  and  such  re- 
version eye-bars  are  not  adapted  to  withstand.  A  very 
deep  truss  requires  an  expensive  traveler,  and  de- 
creasing the  theoretically  economic  depth  increases 
the  weight  but  slightly;  hence  it  is  really  economical 
to  reduce  the  depth  of  both  truss  and  traveler.  Again, 
the  total  cost  of  a  structure  does  not  vary  directly  as 
the  total  weight  of  metal,  for  the  reason  that  an  in- 
crease in  the  section  area  of  a  piece  adds  nothing  to 
the  cost  of  its  manufacture,  and  but  little  to  the  cost 
of  erection;  consequently  it  is  only  for  raw  material 
and  freight  that  the  expense  is  really  augmented. 
Hence  it  is  generally  best  to  use  truss  depths  consid- 
erably less  than  those  which  would  require  the  mini- 
mum amount  of  metal.  For  parallel  chords,  the  the- 
oretically economic  truss  depths  vary  from  one-fifth 
of  the  span  for  spans  of  100  ft.  to  about  one-sixth  of 
the  span  for  spans  of  200  ft. ;  but  for  modern  single- 
track  railway  through-bridges  the  least  allowable 
truss  depth  is  about  30  ft.,  unless  suspended  floor- 
beams  be  used,  a  detail  which  very  properly  has  gone 
out  of  fashion. 

In  designing  plate-girders,  if  one  will  adopt  such 
a  depth  as  will  make  the  total  weight  of  the  web 
with  its  splice-plates  and  stiffening  angles  about 
equal  to  the  weight  of  the  flanges,  he  will  obtain  an 
economically  designed  girder,  and  a  deep  and  stiff 
one.  For  long  spans,  however,  this  arrangement 
would  make  the  girders  so  deep  as  to  become  clumsy 
and  expensive  to  handle;  consequently,  when  a  span 
exceeds  about  40  ft.,  the  amount  of  metal  in  the 
flanges  should  be  a  little  greater  than  that  in  the 
web;  and  the  more  the  span  exceeds  40  ft.  the  greater 
should  be  the  relative  amount  of  metal  in  the  flanges. 

A  rather  lengthy  mathematical  investigation  for 
plate-girders,  based  upon  fairly  accurate  assumptions, 
proves  that  the  theoretical  maximum  of  economy  ex- 
ists when  the  gross  areas  of  flanges  and  of  web  at 
mid-span  are  equal — a  condition  readily  remembered. 
Although  this  is  the  theoretically  correct  criterion 
for  economy,  if  it  be  applied  to  any  particular  case, 
it  will  generally  be  found  that  the  resulting  web 
depth  is  so  excessive  as  to  cause  one  or  more  of  the 
following  modifications  in  construction,  as  compared 
with  the  depth  which  would  make  the  total  weight 
of  the  flanges  equal  to  the  total  weight  of  the  web 
with  all  its  details: 

A.  An  additional  splice  or  two  in  the  web,  or  else 
a  slightly  increased  pound  price  for  the  large  plates. 
E.  Larger  outstanding  legs  for  all  stiffening  angles. 
C.  Reduction  in  the  number  of  cover  plates.  D.  Nar- 
rowing of  flange  angles  and  necessitating  thereby 
either  an  additional  bracing  frame  or  an  increase  in 
sectional  area  of  the  compression  flange,  in  order  to 
compensate  for  the  greater  ratio  of  unsupported 
length  to  width,  E.  Possibly  thickening  of  web  be- 
cause of  its  greater  depth.  F,  Possible  encroachment 
on  under-clearance  in  deck  spans,  or  raising  of  grade 


-From  a  lecture  by  Dr.  ,T.  A,   I>.  Waddell  before  the  School  of 
Engineering  of  the  Univer-sity  of  Kansas. 
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to  avoid  the  same,  G,  Possible  difficulty  in  fabrica- 
tion or  shipment  in  case  of  long  or  heavy  girders  be- 
cause of  excessive  depth. 

Any  of  these  changes  would  be  likely  so  to  upset 
the  economics  of  the  case  as  to  cause  a  material  de- 
crease in  the  theoretically  best  depth,  hence  it  is  gen- 
erally advisable  to  adhere  to  the  rule  previously 
given;  but  there  are  occasionally  cases  where  a  sav- 
ing of  metal  may  be  effected  by  making  the  web  depth 
somewhat  smaller,  when  by  so  doing  a  web-splice 
may  be  avoided  or  lighter  stiffening  angles  may  be 
adopted.  It  should  be  borne  in  mind  that  there  is 
quite  a  range  in  web-depths  over  which  the  theoretic 
minimum  weight  is  about  constant,  unless  the  thick- 
ness of  the  shallower  web  must  be  increased  on  ac- 
count of  shear;  hence  one  may  often  vary  the  dimen- 
sions of  a  plate-girder  materially  without  affecting 
greatly  the  matter  of  economics. 

Concerning  economic  panel  lengths,  it  is  safe  to 
make  the  following  statement:  Within  the  limit  set 
by  good  judgment  and  one's  inherent  sense  of  fitness, 
the  longer  the  panel  the  greater  the  economy  of  ma- 
terial in  the  superstructure.  Of  course,  when  one 
goes  such  an  ex-tent  as  to  use  a  30-ft,  panel  in  an 
ordinary  single-track  railway  bridge  he  exceeds  the 
limits  referred  to,  because  the  lateral  diagonals  be- 
come too  long,  and  their  inclination  to  the  chords  be- 
comes too  flat  for  rigidity.  Again,  an  extremely  long 
panel  might  sometimes  cause  the  truss  diagonals  to 
have  an  unsightly  appearance  because  of  their  small 
inclination  to  the  horizontal. 

There  is  another  mathematical  investigation  which 
is  of  practical  value.  It  relates  to  the  economic 
lengths  of  spans.  The  principle  is  that  "for  any 
crossing  the  greatest  economy  will  be  attained  when 
the  cost  per  lineal  foot  of  the  substructure  is  equal 
to  the  cost  per  lineal  foot  of  the  trusses  and  lateral 
systems."  The  old  practice  was  to  make  for  economy 
the  cost  of  a  pier  equal  to  the  cost  of  the  span  that 
it  supports,  or,  more  properly,  equal  to  one-half  of 
the  cost  of  the  two  spans  that  it  helps  to  support.  Is 
not  the  difference  between  these  two  methods  per- 
fectly plain?  In  one  the  cost  of  the  pier  is  made 
equal  to  the  cost  of  the  trusses  and  laterals,  and  in 
the  other  it  is  made  equal  to  the  cost  of  the  trusses, 
laterals  and  floor  system.  When  one  considers  that 
the  cost  of  the  floor  system  is  sometimes  almost  as 
great  as  one-half  of  the  total  cost  of  the  superstruc- 
ture, he  will  recognize  how  faulty  the  old  method 
was. 

The  demonstration  proves  that  in  any  layout  of 
spans,  with  the  conditions  assumed,  the  greatest 
economy  will  be  attained  when  the  cost  of  the  sub- 
structure per  lineal  foot  of  bridge  is  equal  to  the 
cost  per  lineal  foot  of  the  trusses  and  lateral  systems. 
Of  course,  no  such  condition  as  a  bridge  of  indefinite 
extent  ever  exists,  nor  is  the  bed-rock  often  level 
ever  the  whole  crossing;  nevertheless  the  principle 
can  be  applied  to  each  pier  and  the  two  spans  that 
it  helps  to  support  by  making  the  cost  of  the  pier 
equal  to  one-half  of  the  total  cost  of  the  trusses  and 
laterals  of  the  said  two  spans. 

The  pi-inciple  will  apply  also  to  trestles  and  ele- 
vated roads;  for  in  the  latter,  when  there  is  no  longi- 
tudinal bracing,  if  we  make  the  cost  of  the  stringers 
or  longitudinal  girders  of  one  span  equal  to  the  cost 
of  the  bent  at  one  end  of  same,  including  its  pedes- 
tals, we  shall  obtain  the  most  economic  layout.  In  an 
ordinary  railroad  trestle  consisting  of  alternating 
spans  and  towers,  it  will  be  necessary  for  greatest 
economy  to  have  the  cost  of  all  the  girders  in  two 
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spans  (one  span  being  over  the  tower)  plus  the  cost 
of  the  longitudinal  bracing  of  one  tower  equa;i  to  the 
cost  of  the  two  bents  of  said  tower,  including  their 
pedestals. 

The  economics  of  reinforced  concrete  bridges  have 
not  received  much  attention  from  technical  writers. 
In  general,  it  may  be  said  that  the  unit  costs  are 
lower  for  those  structures  which  have  the  simplest 
form- work;  and  a  reduction  will  also  be  effected  by 
decreasing  the  area  of  form-surface  per  cubic  yard 
of  concrete.  For  instance,  in  the  case  of  a 
wall  or  slab  the  form-cost  per  cubic  yard 
will  vary  practically  inversely  as  the  thickness  of 
the  said  wall  or  slab.  Evidently,  therefore,  it  is  de- 
sirable to  concentrate  the  concrete  into  a  few  large 
members,  rather  than  to  employ  a  great  number  of 
small  ones. 

It  should  be  noted  that  reinforcing  bars  less  than 
^4  in.  in  diameter  command  higher  pound  prices  than 
do   the    larger  bars. 

Taking  up,  first,  girder  bridges  carried  on  columns, 
the  following  points  must  be  considered:  First.  The 
panel  length,  when  cross-girders  are  employed ;  sec- 
ond, the  number  and  spacing  of  the  longitudinal 
girders;  third,  the  number  of  columns  per  bent; 
fourth,  the  span  length;  fifth,  the  use  of  reinforced 
concrete  piles  to  carry  the  footings. 

The  panel  length  adopted  is  usually  not  of  great 
importance  from  the  standpoint  of  economy.  Lengths 
of  from  8  to  10  ft.  are  generally  employed;  but  a  con- 
siderable variation  from  these  values  will  cause  little 
change  in  the  combined  cost  of  the  slabs  and  cross- 
girders.  A  reduction  in  concrete  quantities  can  fre- 
quently be  effected  by  using  long  panels,  and  by  car- 
rying the  slabs  on  short  stringers  supported  by  the 
floor-beams;  but  the  extra  form-work  required  will 
generally  overbalance  this  saving  in  volume. 

The  number  and  spacing  of  the  longitudinal  girders 
will  depend  upon  the  width  and  the  height  of  the 
structure,  the  span-length,  and  the  load  to  be  car- 
ried. For  a  high  structure  in  which  the  economic 
span-length  is  fairly  long,  it  will  nearly  always  be 
found  best  to  employ  two  lines  of  girders,  the  spacing 
thereof  being  equal  to  about  five-eighths  of  the  total 
width  of  the  structure;  but  for  bridges  much  over 
60  ft.  wide,  the  use  of  three  or  even  four  lines  may 
be  preferable.  The  slab  in  such  structures  is  car- 
ried on  cross-girders  and  cantilever-beams.  For  a 
low  bridge  in  which  the  economic  span-length  is 
short,  it  will  generally  be  the  cheapest  to  omit  the 
cross-girders,  except  at  the  bents,  and  to  employ  sev- 
eral lines  of  longitudinal  girders.  The  wider  the 
structure,  the  more  likely  will  this  arrangement  prove 
to  be  economical ;  and  very  heavy  loads  also  favor  its 
adoption.  For  a  structure  in  which  the  span-length 
is  from  one-half  to  two-thirds  of  the  width,  it  will 
usually  make  little  difference  w-hich  of  the  two  types 
is  adopted,  unless  the  height  is  rather  large;  and 
even  in  extreme  cases  the  variation  between  the  two 
is  not  likely  to  exceed  10  per  cent.  Ordinarily,  it 
will  be  found  more  desirable  to  use  two  lines  of  gird- 
ers, with  cross-girders  and  cantilevers  about  8  or  10 
ft.  centers. 

The  proper  number  of  columns  per  bent  depends 
on  the  number  of  longitudinal  girders.  When  there 
are  only  two  lines,  two  columns  will,  of  course,  be 
employed.  When  there  are  several  lines  of  gii-ders, 
there  should  generally  be  one  column  per  girder  in 
low  structures,  and  two  columns  per  bent  in  higher 
ones.  In  this  latter  case  a  heavy  cross-girder  will 
be  required  at  each  bent  to  carry  the  longitudinal 
girders. 


The  economic  span-length  is  affected  by  the  height 
and  the  load,   being  larger  for  greater  heights   and 
smaller   for   heavier    loads.      An    approximate    value 
thereof  is  given  by  the  formula 
2000 

l  =  h  (0.3  + ) 

w  +  1000 
in  which  1  =  economic  span  length,  center  to  center 
of  supports, 
w=  load  per  lineal  foot  of  girders   (exclud- 
ing its  own  weight),  and 
h  =  fixed  height  of  structure. 
The  quantity   h   represents   in   any  given   case  the 
height  which  is  fixed,  such  as  the  height  from  grade 
to   top   of  footing,   height   from   grade  to   bottom   of 
footing,   height   from   underside   of  girder  to  top   of 
footing,  as  the  case  may  be.     There  is  always  a  con- 
siderable range  of  lengths  for  which  the  quantities 
remain  nearly  constant.    The  formula  gives  values  a 
trifle    greater   than    those    for   which    the    quantities 
are  a  minimum,  since  the  use  of  heavier  sections  will 
reduce  slightly  the  unit  costs  of  the  concrete. 

Reinforced-concrete  piles  should  be  used  under 
footings  when  a  suitable  foundation  is  to  be  found 
only  at  a  considerable  depth,  or  when  a  very  large 
footing  area  would  be  required  in  order  to  reduce  the 
pressure  to  a  proper  amount.  A  comparison  must 
be  made  for  each  ease  as  it  arises,  allowing  properly 
for  the  cost  of  the  column  shaft,  the  footing,  the  piles, 
and  the  excavation.  This  latter  item  must  not  be 
overlooked. 

In  arches  the  problem  is  much  more  complicated 
than  in  girder  spans.  The  factors  that  affect  the 
economic  lengths  are  the  cost  of  the  arch  ribs  and 
that  of  the  piers  and  abutments,  the  dividing  lines  be- 
tween them,  being  the  verticals  through  the  spring- 
ing points.  For  any  fixed  span-length  the  greater  the 
rise,  up  to  a  limit  of  nearly  one-half  of  the  opening, 
the  smaller  will  be  the  costs  of  both  the  arch  and 
the  piers  or  abutments  which  sustain  it;  but  in  most 
cases  the  distance  from  grade  to  ground  is  too  small 
to  permit  the  adoption  of  such  a  large  rise;  hence 
the  problem  generally  resolves  itself  into  a  determi- 
nation of  the  question,  "How  long  can  the  span  be 
made  economically  for  a  certain  limit  of  rise?"  This 
will  be  influenced  by  several  important  considera- 
tions, among  which  may  be  mentioned  the  following: 
A.  The  live  load  used.  B.  The  amount  of  earth  fill, 
if  any,  over  the  arches.  C.  The  depth  of  the  founda- 
tions for  the  piers  and  abutments  below  the  spring- 
ing points.  D.  The  cost  per  cubic  yard  for  putting 
the  bases  of  piers  and  abutments  down  to  a  satisfac- 
tory foundation.  E.  The  necessity  for  a  heavy  or  sub- 
stantial appearance  of  the  piers  and  abutments.  F. 
The  height  to  which  the  large  pier  shafts  must  be 
carried.  G.  The  condition  of  the  arch  barrel — wheth- 
er solid  or  ribbed.  H.  The  necessity,  or  otherwise,  of 
adopting  certain  span-lengths  to  meet  existing  con- 
ditions. 

Here  are  too  many  variables  for  a  theoretically  cor- 
rect economic  investigation,  hence  the  surest  and 
most  satisfactory  way  to  proceed  is  to  make  by  judg- 
ment the  best  possible  layout  consistent  with  the  con- 
ditions, then  two  others,  one  involving  a  span-length 
a  certain  number  of  feet  greater  and  the  other  a  span- 
length  the  same  number  of  feet  less,  and  figure  the 
costs  of  arches  and  piers  (or  abutments)  for  all  three 
cases.  Instead,  though,  of  increasing  and  decreasing 
the  span  by  a  certain  number  of  feet,  it  may  be  neces- 
sary to  reduce  and  augment  the  number  of  spans  by 
unity.     After  the   costs   of  the   arches   and   piers   or 
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abutments  are  found  and  properly  combined,  the  cost 
of  these  two  portions  of  the  construction  per  lineal 
foot  of  span  for  each  of  the  three  layouts  can  be  com- 
puted and  compared.  The  one  which  gives  a  mini- 
mum will  indicate  approximately  the  best  span- 
length  to  adopt. 

In  some  cases  it  will  prove  to  be  economic  to  make 
the  middle  span  of  the  bridge  a  certain  length  and 
reduce  gradually  the  lengths  of  the  spans  at  each 
side.  If  the  configuration  of  the  crossing  will  per- 
mit of  a  symmetrical  layout  on  this  basis,  the  effect 
will  prove  to  be  pleasing  to  the  eye  and  generally 
economic  of  first  cost,  especially  if  a  constant  ratio 
of  rise  to  span  be  maintained;  because,  as  far  as  cost 
of  substructure  is  concerned,  the  overturning  mo- 
ments from  live  load  on  a  single  span  only  and  from 
inequality  of  dead  load  thrusts  are  kept  low,  owing 
to  the  fact  that  the  lighter  thrusts  in  the  smaller  span 
act  with  a  greater  lever  arm  than  do  the  heavier 
thrusts  of  the  longer  span,  on  account  of  higher  lo- 
cation of  the  points  of  springing.  In  adopting  this 
expedient,  though,  care  has  to  be  exercised  to  pre- 
vent the  principles  of  esthetics  from  being  violated. 

Comparing  rolled  I-beam  and  plate-girder  deck 
spans  for  modern  heavy  live  loads,  the  weights  of 
metal  are  about  equal  for  spans  of  15  ft. ;  but  the 
former  are  cheaper  per  pound  than  the  latter  by  about 
0.4  ct.,  consequently  the  costs  per  lineal  foot  erected 
are  equal  to  a  span  of  about  20  ft. 

Comparing  deck  plate-girders  and  through,  riveted 
truss-spans,  for  which  there  is  usually  a  difference  of 
about  1/2  ct.  per  pound  erected  in  favor  of  the  former, 
the  weights  of  metal  per  lineal  foot  are  the  same  for 
spans  of  115  ft.,  which  is  about  the  extreme  limit  of 
length  for  plate-girder  spans  shipped  in  one  piece; 
hence  it  may  be  concluded  that  for  all  practicable 
lengths,  deck  plate-girder  spans  are  more  economic 
than  through,  riveted  truss-spans.  Besides,  the  use 
of  such  deck  spans  effects  a  great  economy  in  the 
substructure  by  reducing  the  length  of  each  pier 
from  6  to  10  ft.,  the  longer  the  span,  of  course,  the 
less  the  reduction.  It  generally  reduces  also  the 
heights  of  the  piers. 

Comparing  half-through,  plate-girder  spans  and 
through,  riveted  truss-spans,  for  which  there  is  a 
difference  of  about  0.2  ct.  per  pound  erected  in  favor 
of  the  former,  the  weights  of  metal  per  lineal  foot  are 
the  same  for  spans  of  70  ft.,  but  the  costs  per  foot 
are  about  equal  for  spans  of  75  ft.  However,  as  plate- 
girder  spans  are  in  many  respects  more  satisfactory 
than  short,  through,  riveted  spans,  the  dividing  point 
is  generally  placed  at  about  100  ft. 

Comparing  Pratt  and  Petit  truss-spans,  for  which 
there  is  no  difference  worth  mentioning  in  the  pound 
prices  of  the  metal,  the  weights  per  foot  (and  there- 
fore the  costs)  are  alike  for  single-track  spans  of 
300  ft.,  and  for  double-track  spans  of  350  ft.;  but 
both  constructive  and  esthetic  reasons  necessitate 
limiting  the  lengths  of  Pratt  trusses  to  about  325  ft. 

The  economics  of  column  spacing  for  bents  when 
cantilever  brackets  are  employed  is  an  interesting 
little  problem,  but  the  final  determination  must  be  in 
accordance  with  good  judgment  as  well  as  economy; 
for  if  the  spacing  be  too  small,  rigidity  is  likely  to 
be  sacrificed.  Upon  certain  assumptions  of  appi-ox- 
imate  correctness,  the  mathematical  solution  of  this 
problem  is  a  possibility;  but  the  equations  involved 
would  be  so  complicated  that  it  is  much  better  for 
any  particular  case  to  assume  two  or  three  spacings, 
compute  the  total  weight  of  metal  in  the  bent  for 
each,  and  find  the  one  which  will  give  approximately 


the  least  weight  of  metal.  If  the  c&lumns  are  placed 
at  the  quarter  points  of  the  beam,  the  dead  load  bend- 
ing moment  at  the  middle  will  be  approximately  zero; 
and  if  the  effect  of  stress  reversion  is  ignored,  the 
direct  and  reverse  bending  moments  for  the  central 
portion  of  the  beam  will  be  equal,  and  this  arrange- 
ment would  be  about  the  most  economical  possible. 
But  if  the  reversion  is  considered,  the  sectional  area 
of  the  middle  portion  of  the  beam  must  be  greater 
than  that  of  the  outside  portions,  hence  for  economy 
its  length  should  be  somewhat  less  than  one-half  of 
the  total,  and  the  columns  would  then  be  spaced 
somewhat  closer  than  when  they  are  located  at  the 
quarter  points.  The  fact  that  the  brackets  are  usu- 
ally lighter  near  the  outer  ends  than  at  the  inner  ones 
would,  for  economy,  tend  to  draw  the  columns  to- 
gether; but  on  the  other  hand  this  would  increase 
the  weight  of  the  splices  and  connecting  details.  The 
proper  column  spacing  to  adopt  will  depend  upon  the 
length  of  the  columns;  for  it  is  easily  conceivable 
that  the  structure  could  be  so  high  and  so  narrow 
that  the  quarter-point  spacing  would  be  too  close  for 
proper  resistance  to  wind  pressure.  Again,  in  such 
a  case  the  wind  load  might  be  so  great  as  to  necessi- 
tate an  increase  in  column  section  above  that  re- 
quired to  care  for  the  live  and  dead  load  stresses 
only;  and  thus  the  effect  of  wind  pressure  would  en- 
ter the  economic  study.  It  will  be  found  in  most 
cases  that  it  is  inadvisable  to  space  the  columns  much 
less  than  one-half  of  the  total  length  of  the  beam. 

The  economic  functions  of  swing  spans  are  some- 
what difficult  to  formulate.  The  minimum  perpen- 
dicular distance  between  central  planes  of  trusses 
for  first-class  construction  should  be  the  same  as  for 
simple-truss  spans — viz.,  one-twentieth  of  the  span 
length.  It  is  evident,  of  course,  that  the  narrower 
the  bridge  the  less  it  will  weigh  and  cost.  The  truss 
depth  at  ends  of  through  swing  bridges  are  generally 
determined  by  the  clearance  requirements;  but  in 
long  spans  it  is  sometimes  advisable,  for  the  sake  of 
vertical  stiffness  and  to  avoid  the  raising  of  span- 
end  from  a  load  on  the  other  arm,  to  make  the  said 
depths  still  greater.  As  a  rule,  this  increase  is  not 
of  an  uneconomic  nature.  For  long  spans,  or  those 
exceeding,  say,  400  ft.,  the  truss  depth  at  outer  hips 
should  be  about  1 '14th  or  l,'15th  of  the  total  span 
length.  The  truss  depth  at  the  inner  hips  should 
generally  be  from  l/9th  to  1/lOth  of  the  total  span 
length;  and  when  towers  are  used,  their  height  should 
generally  be  from  l/6th  to  1  '7th  of  the  span.  Of 
course  the  esthetic  features  of  the  design  should  gov- 
ern greatly  the  determination  of  all  these  depths ; 
and,  fortunately,  any  moderate  change  in  them  does 
not  affect  materially  their  economics. 

In  swing  spans  it  is  evident  that,  as  far  as  is  con- 
sistent with  safety,  the  diameter  of  the  drum  for 
economy  should  be  made  as  small  as  possible,  not 
only  because  this  effects  a  saving  of  rnetal,  but  also 
because  it  reduces  the  diameter,  and  therefore  the 
cost,  of  the  pivot  pier.  For  spans  of  moderate  length 
and  width  there  is  generally  a  small  economy  in  cen- 
ter-bearing swing-spans  over  rim-bearing  ones,  es- 
pecially as  the  former  sometimes  permit  of  smaller 
pivot  piers,  but  the  difference  is  often  inconsiderable. 
There  is  a  limit  to  the  size  of  center-bearing  swing- 
spans  due  to  the  objectionable  feature  of  concentrat- 
ing great  loads  upon  small  areas  and  to  the  necessity 
in  the  case  of  very  wide  spans  for  excessively  heavy 
cross-girders.  The  question  of  economics  between 
the  two  styles  of  swings  is  one  that  has  to  be  deter- 
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mined  for  each  special  case  as  it  aris^j  by  preparing 
actual  estimates  and  not  by  a  priori  reasoning. 

In  respect  to  the  economics  of  cantilever  bridges 
the  following  may  be  stated: 

The  economic  length  of  the  suspended  span  is 
about  three-eighths  of  the  length  of  the  main  opening, 
but  a  considerable  increase  or  decrease  of  this  pro- 
portion does  not  greatly  change  the  total  weight  of 
the  metal. 

The  most  economic  length  of  anchor  arms,  where 
the  total  length  between  centers  of  anchorages  is 
given,  and  when  the  main  piers  can  be  placed  wher- 
ever desired,  is  one-fifth  of  the  said  total  length.  By 
keeping  the  anchor  arms  short,  the  top  chords  may 
be  built  of  eye-bars,  provided  that,  with  the  usual  al- 
lowance for  impact,  there  is  no  reversion  of  chord 
stress;  and  this  effects  quite  an  economy  of  metal. 
But  it  is  conceivable  that  cases  might  arise  where, 
from  danger  of  washout  of  falsework,  eye-bar  top 
chords  would  be  objectionable;  hence  this  method 
of  economizing  must  be  used  with  caution. 

In  respect  to  the  economic  length  of  anchor-span 
in  a  succession  of  cantilever  spans,  it  may  be  stated 
that  within  reasonable  limits  the  shorter  such 
anchor-spans  are  the  greater  will  be  the  economy  in- 
volved; but,  generally,  navigation  interests  will  pre- 
vent their  being  built  as  short  as  might  be  desired. 
If  permissible,  they  may  be  made  so  short  that,  as  in 
the  case  of  anchor-arms,  eye-bars  may  be  used  for  the 
top  chords,  thus  effecting  a  decided  economy  of  metal, 
although  shortening  the  anchor-span  increases  pro- 
portionately the  stresses  on  the  web  members  and 
the  weights  thereof. 

The  question  of  what  is  the  economic  limit  of  length 
of  simple-truss  spans  as  compared  with  cantilevers 
is  still  a  mooted  one.  Professors  Merrinian  and  Ja- 
coby  place  it  in  the  neighborhood  of  600  ft.,  but  the 
speaker  has  had  occasion  to  compare  simple-truss 
spans  of  700  and  800  ft.  with  the  corresponding  can- 
tilever structures,  and  has  found  the  former  more 
economic.  The  continuity  of  cantilever  spans  in  re- 
sisting wind  loads  lowers  the  requirements  for  min- 
imum width  from  one-twentieth  to  about  one  twenty- 
fifth  of  the  greatest  span-length,  and  hence,  because 
of  substructure  considerations,  gives  an  advantage 
to  the  cantilever  type  that  in  certain  extreme  cases 
will  more  than  offset  its  disadvantages  of  greater 
weight  of  truss  metal. 

There  are  certain  legitimate  economies  that  may 
'be  employed  in  the  designing  of  cantilever  bpdges, 
among  which  may  be  mentioned  the  following: 

The  wind  pressure  a,ssumed  in  computing  the  erec- 
tion stresses  may  be  taken  lower  than  that  given  in 
the  specifications  for  the  finished  structure,  provided 
that  the  full  wind  pressure  would  not  overstress  any 
of  the  metal  seriously  or  involve  any  risk  of  disaster 
during  erection.  A  stress  of  three-quarters  of  the 
elastic  limit  of  the  metal  applied  a  few  times  dur- 
ing erection  would  do  no  harm,  and  the  chance  of 
there  being  in  that  limited  time  any  wind  pressure 
at  all  approaching  in  magnitude  that  specified  is  very 
small.  This  lowering  of  the  intensity  of  wind  pres- 
sure may  be  the  means  of  avoiding,  in  a  perfectly 
legitimate  manner,  the  increasing  of  the  sections  of 
a  number  of  truss  members  because  of  erection 
streses;  but  such  economizing  should  be  done  with 
caution  after  a  thorough  consideration  of  its  great- 
est possible  effects. 

A  certain  amount  of  metal  can  sometimes  be  saved 
by  splaying  the  trusses  between  the  main  piers  and 
the  ends  of  the  cantilever  and  anchor  arms;  but  un- 


less the  amount  thereof  be  fairly  large,  the  extra 
pound  price  of  the  metal  work  in  the  cantilever  and 
anchor-arms  due  to  the  said  splaying  may  more  than 
offset  the  value  of  the  reduction. 

A  small  economy  may  sometimes  be  accomplished 
by  omitting  during  erection  from  the  cantilever  por- 
tion of  the  structure  all  parts  that  are  not  essential 
to  its  strength  before  the  coupling  of  the  cantilever 
ends  is  effected,  thus  reducing  the  erection  stresses 
a  little. 

Solitary  piers  or  lai-ge  pedestals  under  the  main 
vertical  posts  are  sometimes  just  as  satisfactory  in 
every  way  as  long,  continuous  piers,  especially  if  a 
connecting  wall  of  reinforced  concrete  between  them 
be  employed.  Generally  they  will  be  found  to  involve 
a  large  saving  in  the  cost  of  the  substructure. 

In  very  wide  cantilever  bridges  it  might  sometimes 
be  advisable  to  adopt  intermediate  trusses  so  as  to 
economize  materially  in  the  weight  of  the  floor-beams 
and  a  trifle  in  that  of  the  trusses,  also  because  of 
the  consequent  reduction  in  dead  load,  but  mainly  so 
as  to  keep  within  reasonable  limits  the  sizes  and 
weights  of  the  pieces  to  be  handled  and  thus  econ- 
omize on  the  size  of  the  traveler  and  the  cost  of  the 
erecting  machinery.  On  the  other  hand,  though,  in- 
creasing the  number  of  trusses  is  likely  to  increase 
a  little  the  percentage  of  weight  of  truss  details;  but 
where  the  sections  of  members  are  large,  this  increase 
would  be  small.  In  case  the  wind  stresses  are  an 
important  factor  in  the  proportioning  of  the  truss 
members,  the  employment  of  an  interior  truss  or  inte- 
rior trusses  might,  by  the  reduction  in  areas  of  chord 
sections,  cause  such  relatively  large  wind  stresses  on 
the  chords  of  the  exterior  trusses  that  the  additional 
metal  required  to  take  care  of  them  would  offset  all 
the  saving  obtained  in  the  ways  just  mentioned. 

In  long-span  cantilever  bridges  the  stresses  on  the 
truss  members  that  rest  upon  the  piers  should  be  di- 
vided among  as  many  such  members  as  possible  by 
using  an  inclined  strut  on  each  side  as  well  as  a  ver- 
tical post  instead  of  carrying  all  the  loads  to  the  top 
of  the  latter  by  tension  members,  as  was  done  in  the 
design  of  the  ill-fated  Quebec  bridge.  Again,  if  a 
lowering  of  the  inner  ends  of  the  cantilever  arms  be 
permissible,  the  inclining  of  the  end  sections  of  the 
bottom  chords  to  the  horizontal  will  take  up  a  por- 
tion of  the  load  that  is  carried  to  the  pier  and  thus 
will  reduce  the  stresses  on  the  vertical  and  inclined 
posts  assembling  there.  This  last  feature  reduces 
also  the  total  cost  of  the  masonry  by  diminishing  the 
height  of  the  main  piers,  and  saves  placing  the  tops 
of  the  trusses  at  an  abnormal  height  above  the  water. 

If  there  be  any  choice  between  the  riveted  and  the 
pin-connected  types  of  construction  for  any  canti- 
lever bridge,  it  is  generally  better  to  adopt  the  lat- 
ter, because,  as  cantilever  bridges  are  usually  em- 
ployed for  long  spans  only,  pin-connected  work  is  the 
more  suitable.  Again,  it  is  a  little  lighter  than  riv- 
eted work,  and  therefore  the  dead  load  on  the  struc- 
ture would  be  somewhat  less.  On  the  other  hand,  the 
riveted  construction  is  so  much  more  rigid  than  the 
pin-connected  that  it  is  preferable  to  adopt  it  when- 
ever the  conditions  permit;  besides,  in  the  riveted 
work  it  is  not  necessary  to  stiffen  any  truss  members 
for  erection,  although  it  might  be  obligatory  to  in- 
crease a  few  of  their  sectional  areas. 

Very  large  compression  members  should  be  made 
of  box  section  so  as  to  do  away  with  latticing.  This 
not  only  effects  an  improvement  in  the  design,  but 
also  saves  some  metal,  although  the  details  required 
at  the  panel  points  to  distribute  the  stresses  from  the 
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cut  cover  plates  tend  to  offset  the  saving  in  weight 
of  lattice  bars  and  stay  plates. 

Questions  of  erection  often  not  only  affect  the 
economic  la.vouts  of  crossings,  but  also  determine  the 
character  of  the  spans  to  be  adopted.  For  instance, 
if  the  danger  from  washout  of  falsework  be  great, 
either  a  cantilever  or  a  semi-cantilever  structure  may 
be  better  than  one  of  simple  spans,  or  a  pin-con- 
nected structure  may  be  preferable  to  a  riveted  one, 
even  if  the  computations  of  cost  made  upon  the  basis 
of  good  luck  in  erection  indicate  that  the  contrary 
is  the  case.  Again,  the  chance  of  not  getting  the  sub- 
structure finished  before  high  water  or  bad  weather 
causes  a  cessation  or  partial  cessation  of  work  might 
so  affect  the  layout  of  spans  for  a  bridge  as  to  in- 
crease materially  the  cost  thereof;  therefore,  the  ex- 
pense involved  by  taking  precautions  to  avoid  possi- 
ble delay  would  be  in  the  nature  of  true  economy. 

In  the  proportioning  of  main  members  of  bridges, 
and  even  occasionally  in  the  detailing,  small  econo- 
mies may  be  effected  by  choosing  the  regular  and 
least  expensive  sections.  Plates  and  angles  are  at 
times  cheaper  than  channels  or  I-beams,  and  at  other 
tim.es  more  expensive.  Z-bars  are  sometimes  higher 
and  are  always  difficult  to  obtain.  Deck  beams  are 
invariably  high  priced,  and  tees  are  generally  so. 
Many  designers  are  not  aware  that  I-beams  over  15 
in.  deep  cost  0.1  ct.  per  lb.  more  than  those  15  in. 
and  under  in  depth,  and  that  angles  having  one  or 
both  legs  longer  than  6  in.  are  subject  to  the  same 
increase.  There  is  a  long  list  of  special  prices,  too, 
on  very  small  angles.  Not  infrequently  it  will  be 
cheaper  to  use  the  larger  of  two  small  angles,  even 
though  more  weight  be  involved;  and  special  angles 
such  as  those  of  7  by  Sla  in.  section  are  always  more 
expensive  than  the  standards,  besides  being  more 
difficult  to  obtain.  Since  the  organization  of  the 
United  States  Steel  Corporation,  the  variations  in 
pound  prices  of  the  numerous  shapes  of  bridge  metal 
in  this  country  are  less  than  they  used  to  be;  but 
they  are  still  sufficient  to  make  a  material  difference 
in  the  cost  of  structure;  whereas,  for  Canadian  and 
other  foreign  work,  very  large  differences  may  be 
created  by  the  selection  of  the  material,  owing  to 
the  variation  in  the  customs  duties.  It  behooves  the 
expert  bridge  designer  to  keep  posted  concerning  va- 
riations in  metal  prices  and  import  duties  for  the  dif- 
ferent sections.  The  Bethlehem  Steel  Co.  manufac- 
tures, by  means  of  a  combination  of  vertical  and 
horizontal  rolls  acting  simultaneously,  some  special 
sections  for  I-beams  that  are  exceedingly  light  for 
their  strength;  and,  although  the  company  asks  a 
small  extra  price  for  such  sections,  it  generally 
proves  economical  to  employ  them. 

The  duplication  of  a  whole  structure,  or  any  parts 
thereof,  effects  a  large  proportionate  saving  in  the 
shop.  Of  course,  if  two  spans  or  other  units  can  be 
made  alike,  entire  groups  of  drawings  are  saved; 
and  it  is  a  large  part  of  the  function  of  the  detail 
shop  draftsman  to  duplicate  individual  parts  and  to 
group  partially-unlike  members.  By  duplication,  in 
addition  to  a  saving  in  drawings,  there  is  a  saving 
of  templets,  a  saving  of  shop  supervision,  a  saving 
of  the  writing  of  shop  bills,  a  saving  of  making  extra 
material  lists,  a  large  saving  in  errors,  and  a  con- 
siderable saving  in  the  field  due  to  the  avoidance  of 
loss  of  time  in  the  selection  of  the  proper  parts;  for 
if  there  is  much  duplication,  there  is  much  more  pos- 
sibility of  the  right  parts  being  at  hand.  Duplication 
extends  into  very  small  details;  in  beam  work  the 
end  connections  are  made  alike,  and  instead  of  be- 
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ing  shown  on  the  drawings,  their  numbers  only  are 
given.  Likewise  the  templets  for  such  end  connec- 
tions are  made  permanent;  and  they,  too,  are  referred 
to  only  by  number  and  are  used  over  and  over  again. 
On  large  structures,  batten  plates,  lattice  bars,  and 
other  similar  and  oft-repeated  elements  can  be  du- 
plicated with  great  advantage.  For  instance,  iden- 
tical lattice-bars  save  the  resetting  of  the  gauge  on 
the  lattice-bar  punch,  and  also  the  labor  of  selecting 
in  assembling  the  material,  besides  considerable  ex- 
pense in  handling.  It  may  at  times  require  more  ma- 
terial to  duplicate  the  parts  of  a  structure,  and  yet 
it  may  result  in  a  net  saving  in  the  cost  of  construc- 
tion; for,  although  the  metal  be  ordered  by  the 
pound,  if  the  evidence  of  duplication  of  shop  work  is 
made  clear  in  the  drawings  submitted  to  bidders,  a 
lower  pound  price  will  be  named. 

Blacksmith  work  of  any  kind  is  always  the  most 
expensive  work  in  a  bridge  shop,  and  it  should  be 
avoided  to  the  utmost,  not  only  because  it  is  not  com- 
monly well  done  but  also  because  it  costs  heavily  in 
the  drawing  room,  in  the  templet  room,  in  the  forge 
shop,  and  in  punching,  fitting,  and  assembling.  If 
forging  is  essential,  it  should  be  done  in  duplicate 
as  much  as  possible,  so  that  dies  may  be  made. 

There  is  a  sm.all  economy  or  the  reverse  involved 
in  the  crimping  of  stiffening  angles  for  plate-girders; 
and  the  officers  of  the  different  bridge  shops  have 
widely  varying  ideas  as  to  whether  it  is  better  or  not 
to  crimp  them.  The  economy  will  depend  upon  their 
strength  and  the  amount  of  offset,  for  the  question 
involved  is  whether  the  cost  of  crimping  the  ends 
does  or  does  not  exceed  that  of  furnishing  and  putting 
in  the  filling  plates.  The  cost  of  the  freight  on  the 
filling  plates  is  often  the  determining  factor  in  set- 
tling whether  it  is  finally  more  economic  or  otherwise 
to  crimp  stiffening  angles,  and  this  feature  of  the 
question  should  be  borne  in  mind  by  the  designer. 
This  matter  of  cost  of  freight  and  other  transporta- 
tion of  metal  to  bridge  site  applies  to  the  design  of  a 
bridge  as  a  whole  as  well  as  to  the  question  of  crimp- 
ing. 

There  is  often  a  material  difference  between  the 
lightest  possible  bridge  and  the  most  economic  one, 
not  only  on  account  of  the  reduction  of  cost  of  fabri- 
cation but  also  because  of  that  erection;  and  the  de- 
signer, in  order  to  obtain  the  best  possible  results  for 
all  cases,  must  be  well  posted  on  all  the  important 
details  of  both  shopwork  and  field  work.  He  should 
know  almost  instinctively  what  is  easy  and  what  is 
difficult  to  manufacture  and  to  erect;  and  especiallj' 
should  he  recognize  when  rivets  can  and  when  they 
cannot  be  driven  by  the  various  kinds  of  apparatus 
used  in  shop  and  field. 

In  the  design  of  new  bridges  to  replace  old  ones, 
the  erection  should  be  given  full  and  thorough  con- 
sideration, since  a  large  amount  of  the  labor  of  re- 
placing the  old  structure  under  traffic  may  be  saved  if 
the  new  one  have  panels  of  such  length  as  not  to  in- 
terfere with  the  metalwork  of  the  old  bridge.  There 
are  many  other  ways  in  which  advantage  may  be 
gained  by  thoroughly  considering  the  erection  at  the 
time  the  new  structure  is  designed,  such,  for  instance, 
as  the  supporting  of  the  old  stringers  on  advantage- 
ously located  falsework  until  the  new  girders  can  be 
placed,  and  the  shipping  of  the  plate-girder  spans  riv- 
eted up  complete  instead  of  requiring  that  they  be 
assembled  in  the  field. 

In  all  work  of  designing,  the  cost  of  the  materials 
at  the  site  should  be  studied  -very  carefully,  since  local 
Drices  will  often  enable  the  designer  to  effect  a  great 
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saving.  Where  the  work  is  scattered  over  a  wide 
field,  the  matter  of  cost  of  materials  becomes  exceed- 
ingly important  and  often  changes  the  type  of  the 
structure.  For  instance,  in  designing  a  highway 
bridge  for  the  Western  Coast,  it  should  be  remembered 
that  steel  stringers  become  very  costly  as  compared 
with  the  lower-priced  wooden  stringers  of  that  coun- 
try. The  opposite  conditions  obtain  in  the  eastern 
part  of  the  United  States.  The  prices  of  gravel  for 
concrete  work,  or  of  very  cheap  stone,  may  affect  the 
type  of  piers  employed.  The  engineer  should  know 
markets  even  better  than  the  contractor,  but  com- 
monly he  does  not,  and  he  will  often  demand  an  ex- 
pensive material  where  a  cheaper  one  would  serve  his 
purpose  quite  as  well.  Rough  averages  of  prices  per 
unit  in  place  are  very  apt  to  produce  flaws  in  the 
economy  of  a  design. 

There   is   an  economic    feature   of  bridge   building 
that  is  worthy  of  special  mention,  in  that  it  effects  a 


Some  Labor  Costs  of  Unloading 

Building  Material   with 

Gravity  Conveyors 

Gravity  conveyors  were  used  extensively  for  un- 
loading building  materials  for  the  construction  of  the 
new  East  Side  High  School  at  Cincinnati,  O.,  now  be- 
ing built  by  the  Ferro  Concrete  Construction  Co. 

A  railroad  switch  track  was  built  to  the  building 
site  and  most  of  the  material  was  delivered  in  carload 
lots.  In  all  230  ft.  and  two  curves  of  Mathews'  con- 
veyors were  used  to  unload  cement,  brick  and  tile  and 
shorter  lengths  to  unload  steel  and  lumber. 

In  unloading  cement,  three  sacks  were  placed  on 
short  lengths  of  2  in.  x  10  in.  or  2  in.  x  12  in.;  about 
15  or  20  of  these  being  used  to  unload  a  car. 

The  contents  of  the  car  were  easily  and  accurately 
checked  and  assorted  by  using  these  conveyors  and 


Construction    View    at    East    Side    High    School.    Showing    Gravity        Conveyors  and   Portion  of   Insley   Hoisting  and  Spouting  System. 


large  saving  in  first  cost,  maintenance,  and  repairs, 
often  for  a  number  of  years.  It  is  the  designing  of 
cantilever  brackets  to  carry  in  the  future  wagonways, 
footwalks,  and  even  street  railways,  and  omitting  put- 
ting them  in  until  required,  but  providing  all  the 
rivet-holes  for  the  future  connections.  In  such  cases, 
of  course,  the  trusses  must  be  made  strong  enough  to 
carry  the  additional  live  and  dead  loads,  and  the 
counterbracing  must  be  figured  for  both  the  future 
and  the  immediate  dead  loads. 

A  question  sometimes  arises  as  to  whether  it  is 
more  economic  to  support  a  pavement  on  buckled  plate 
or  on  reinforced  concrete.  The  latter  is  cheaper  for 
trestles  and  short  spans,  but  not  for  long  ones.  How- 
ever, the  deterioration  of  the  buckled  plates,  due  to 
moisture  and  smoke  fumes,  should  receive  adequate 
consideration.  Moreover,  the  latest  experience  shows 
that  very  heavy  concentrated  live  loads  are  liable  to 
spring  the  buckled  plates  and  break  up  the  paving. 


from  15  to  30  per  cent  was  saved  as  compared  to  un- 
loading by  hand.  Labor  costs  of  unloading  various 
materials  were  as  follows: 

Cement  3  ct.  per  barrel. 

Erick  $1.12  per  thousand. 

4-in.   Tile   $1.00  per  thousand. 

S-in.  tile  and  larger  7S  ct.  per  thousand. 


Financing  by  American  railroad  and  industrial  cor- 
porations since  Jan.  1,  indicated  a  total  of  $1,267,898,- 
200,  according  to  the  "Journal  of  Commerce,"  com- 
paring with  $1,617,227,500  in  the  corresponding 
period  a  year  ago,  a  decrease  of  $349,329,300.  Of  this 
total,  corporate  borrowing  operations  in  August  con- 
tributed $185,946,000,  against  $146,336,800  a  year  ago, 
an  increase  of  $39,609,200. 


The  United  States  Shipping  Board  has  agreed  as  a 
result  of  a  recent  conference  with  lumbermen  that 
$40  per  M  ft.  B.  M.  be  paid  mills  for  timbers  which 
will  go  into  the  150  additional  ship  schedules  which 
the  government  now  requires. 
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High  Speed  Cantonment  Building 

A-  remarkable  record  in  cantonment  building  was 
made  at  Camp  Pike,  near  Little  Rock,  Ark.,  on  Aug. 
16,  1917,  when  a  2-story  barrack,  43x140  ft.,  and  de- 
signed to  house  200  soldiers,  was  erected  in  2  hours 
and  55  minutes.  Work  was  begun  at  9  a.  m.  and  at 
11:55  a.  m.  the  building  was  enclosed,  floors  laid, 
stairs  in  place,  doors  hung  and  windows  fitted  in  and 
even  screened,  roof  on,  and  all  scaffolding  had  been 
removed  and  the  workmen  had  left  the  building.  The 
work  was  done  by  James  Stewart  &  Co.,  Inc.,  of  New 
York  and  St.  Louis,  the  contractors  in  charge  of  the 
Camp  Pike  construction,  and  moving  pictures  were 
taken  by  Government  photographers  for  purposes  of 
record.  The  amount  of  lumber  required  for  this  size 
barrack,  of  which  there  are  to  be  over  200  on  the 
reservation,  is  75,000  ft.  Two  hundred  carpenters 
were  employed  on  the  work.  A  notable  feature  of  the 
construction  was  the  fact  that,  in  spite  of  the  number 
of  workmen  and  the  high  speed  at  which  the  work 
was  rushed,  not  a  man  received  a  bruise  or  scratch. 

The  schedule  of  completion  was  as  follows:  9  a.  m., 
work  started;  9:20,  posts  and  studding  up  for  first 
story;   9:22,  joists  started  for  second  floor;   10,  sec- 


Preferred  Types  of  Bridges  of  Illinois  State 
Division  of  Highways 

The   Division  of  Highways   of  the   Department   of 
Public  Works  and  Buildings  of  the  State  of  Illinois 
gives  preference  to  the  following  types   of  highway 
bridges  for  the  conditions  described: 
Concrete  Bridges. 

For  culverts  requiring  an  area  of  waterway  of  12 
sq.  ft.  or  less:  Plain  of  reinforced  concrete  arches  or 
circular  culverts,  reinforced  concrete  boxes,  re- 
inforced concrete  pipe  or  standard  cast  iron  water 
pipe. 

For  culverts  having  a  waterway  of  more  than  12 
sq.  ft.,  and  for  bridges  having  spans  up  to  30  ft:  Re- 
inforced concrete  slabs,  plain  or  reinforced  concrete 
arches. 

For  bridges  having  spans  of  30  ft.  to  65  ft.:  Re- 
inforced concrete  through  or  deck  girders,  plain  or 
reinforced  concrete  arches. 

For  bridges  having  spans  greater  than  65  ft.:  Plain 
or  reinforced  concrete  arches. 

In  general,  plans  for  plain  or  reinforced  concrete 
arches  will  not  be  approved  unless  founded  on  solid 


This   Two-Story,   43x140  ft.,    Barrack   Was    Erected    in    Less   Than     3  Hours. 


ond  floor  outside  frame  started;  10:20,  second  floor 
outside  frame  finished,  first  story  trim  and  mill  work 
finished:  10:45,  joists  on  second  floor  finished;  11, 
flooring  on  second  floor  finished;  11:05,  rafters  started 
on  roof;  11:30,  rafters  finished,  second-story  trim  and 
mill  work  finished;  11:55,  scaffolding  removed  and 
workmen  out  of  building. 

Some  idea  of  the  way  in  which  cantonment  con- 
struction is  being  rushed  may  be  gained,  not  only 
from  the  above  illustration,  but  from  the  fact  that 
while  that  particular  barracks  was  being  erected 
thousands  of  other  workmen  were  busy  on  at  least 
two  hundred  other  buildings  of  the  1,600  included  in 
Camp  Pike,  and  other  thousands  were  working  on 
water  and  sewer  lines,  etc. 


First  Building  Show  in  Central  Ohio. — A  Real  Es- 
tate and  Building  Show  will  be  conducted  by  the  Co- 
lumbus Builders'  and  Traders'  Exchange  and  the  Co- 
lumbus Real  Estate  Board  at  the  Ohio  State  Fair 
Ground,  Jan.  21  to  30,  1918.  One  entire  building  has 
been  set  aside  for  the  exhibits  of  concrete  mixes, 
builders'  trucks  and  other  heavy  contracting  machin- 
ery, and  it  is  planned  to  have  every  phase  of  the 
building  industry  represented.  This  will  be  the  first 
building  show  held  in  central  Ohio.  Sam  E.  Neff,  85 
N.  High  St.,  Columbus,  0.,  is  Secretary. 


rock  or  unusually  firm  hardpan,  except  for  paved  cul- 
verts and  very  small  paved  bridges. 

Steel  Bridges. 

In  general,  plans  for  steel  bridges  will  not  be  ap- 
proved except  for  structures  spanning  drainage 
ditches,  navigable  channels,  and  for  locations  where 
the  cost  of  concrete  structures  would  be  prohibitive. 

For  bridges  spanning  drainage  ditches  where  it  is 
anticipated  that  it  will  be  necessary  to  remove  the 
bridge  superstructure  periodically  to  permit  the  pas- 
sage of  a  dredge,  pin  or  bolted  field  connections  shall 
be  used. 

For  bridges  having  spans  of  12  ft.  to  45  ft.:  Steel 
I  beams. 

For  bridges  having  spans  of  30  ft.  to  100  ft. :  Plate 
girders  or  riveted  pony  trusses. 

For  bridges  having  spans  of  90  ft.  to  160  ft.:  Riv- 
eted trusses  with  parallel  chords. 

For  bridges  having  spans  of  160  ft.  or  more:  Riv- 
eted or  pin  connected  trusses  with  parallel  or  inclined 
upper  chords. 

Roadways. 

In  general,  clear  widths  of  roadways  for  bridges 
shall  be  provided  as  follows: 

On  Designated  State  Aid  Routes:  Bridges  up  to 
and  including  10  ft.  in  length  (not  less  than  a  proper 
shoulder  to  shoulder  width  of  the  road),  20  to  30  ft. 
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Bridges  over  10  ft.  and  up  to  and  including  60  ft. 
in  length,  18  to  24  ft. 

Bridges  over  60  ft.  in  length,  }6  to  20  ft. 

No  bridge,  however,  when  located  on  a  designated 
state  aid  route  within  25  miles  of  any  city  having  a 
population  of  over  200,000  and  on  a  direct  route  to 
such  city,  shall  have  a  clear  roadway  of  less  than 
20  ft,  or  less  than  18  ft.  when  located  within  3  miles 
of  a  city  having  a  population  between  10,000  and 
200,000. 

On  Principally  Traveled  Roads:  On  principally 
traveled  roads,  other  than  designated  state  aid  routes: 

Bridges  and  culverts  of  10  ft.  or  less  in  length,  20 
to  30  ft. 

Bridges  over  10  ft.  and  up  to  and  including  60  ft. 
in  length,  16  to  20  ft. 

Bridges  over  60  ft.  in  length,  16  to  18  ft. 

No  such  bridge  or  culvert  shall,  however,  when  lo- 
cated within  3  miles  by  direct  route  of  any  city  or 
village  having  a  population  of  10,000  or  over,  have  a 
clear  roadway  of  less  than  18  ft.  for  bridges  having 
a  length  of  from  10  to  60  ft. 

On  Secondary  Roads:  On  lesser  traveled  or  sec- 
ondary roads: 

Bridges  or  culverts  of  10  ft.  or  less  in  length,  18 
to  24  ft. 

Bridges  over  10  ft.  in  length,  16  ft. 

Culverts  Under  Fills:  When  culverts  are  built  un- 
der fills,  the  length  of  the  barrel  of  the  culvert  shall 
be  such  as  to  permit  of  side  slopes  of  l^A  horizontal 
to  one  vertical,  and,  in  addition,  a  proper  top  width  of 
fill  as  follows: 

On  designated  state  aid  routes,  20  to  30  ft. 

On  principally  traveled  roads,  20  to  30  ft. 

On  secondary  roads,  18  to  24  ft. 

It  is  understood  that,  in  case  proper  provisions  for 
traffic  demand,  wider  roadways  may  be  required. 


The  New  Housing  Legislation  of 
California 

Three  very  comprehensive  housing  laws  enacted  by 
the  California  Legislature  become  effective  Sept.  1, 
1917.  They  are  of  particular  interest  as  well  as  im- 
portant to  engineers  and  architects  and  others,  as 
their  provisions  apply  to  all  classes  of  buildings  in 
which  human  beings  are  housed, -including  the  single 
dwelling  house,  as  well  as  the  hotel  and  tenement 
house. 

The  scope  of  the  laws  is  not  confined  to  incorporated 
municipalities.  They  apply  to  every  part  of  the  State 
of  California,  with  the  exception  of  the  Dwelling 
House  Act  which  was  amended  in  the  legislature  so 
that  its  provisions  would  not  be  applicable  to  the 
country  districts.  However,  the  other  two  laws  apply 
in  the  country  districts  as  well  as  in  the  various  mu- 
nicipalities. These  three  laws  are  believed  to  be  more 
comprehensive  and  their  scope  greater  both  as  to  the 
territory  covered  and  the  classes  of  buildings  which 
come  within  their  purview,  than  any  other  set  of 
housing  laws  in  the  country. 

The  provisions  of  the  laws  cover  more  ground  than 
legislation  of  this  character  ordinarily  does;  that  is, 
they  go  further  into  the  features  of  construction, 
specifically  fixing  the  height  of  wooden,  semi-fire- 
proof, and  fireproof  buildings,  as  to  the  number  of 
feet,  the  number  of  stories  and  in  ratio  to  the  vndth 
of  the  street  upon  which  they  face.  They  fix  the  min- 
imum number  of  fire  escapes,  smoke  towers  and  stair- 
ways; means  of  egress  and  the  illumination   of  the 


same.  They  provide  for  the  method  in  which  all  vent 
and  elevator  shafts  and  chutes  must  be  constructed. 
They  provide  that  in  a  tenement  house  every  apart- 
ment, and  in  a  hotel  every  guest  room,  must  have  at 
least  two  means  of  egress  so  that  if  one  egress  should 
be  or  become  blocked  the  other  would  ordinarily  be 
available. 

Other  safety  provisions  include  the  fireproofing  of 
steel  in  fireproof  buildings  and  in  semi-fireproof  build- 
ings, and  that  hallways  and  soflfits  of  stairways  in 
wooden  buildings  be  protected  with  metal  lath  and 
plastered  not  less  than  %  in.  thick,  or  be  protected  by 
similar  means. 

Privacy  and  cleanliness  has  been  covered;  also 
sanitary  and  plumbing  conveniences  have  been  gone 
into  quite  thoroughly,  fixing  the  minimum  number  of 
water  closets,  slop  sinks,  kitchen  sinks,  water  faucets 
and  similar  conveniences. 

Ventilation  has  been  provided  for  by  restricting  the 
percentage  of  the  lot  which  may  be  covered  by  a 
building  and  requiring  that  all  rooms  have  windows 
opening  directly  onto  a  street,  a  yard  or  a  court.  Th& 
dimensions  of  the  yards  and  courts  are  fixed  by  the 
laws  in  ratio  to  the  height  of  the  building.  The  sizes 
of  window  areas  are  based  in  ratio  to  the  superficial 
floor  area  of  the  room  they  serve. 

"Rear  tenements"  and  "rear  hotels"  are  stringently 
restricted  with  the  idea  of  discouraging  their  con- 
struction. 

The  tenement  house  law  covers  every  building  in 
which  three  or  more  families  reside  and  do  their  cook- 
ing upon  the  premises.  The  hotel  law  covers  every 
building,  which  contains  six  or  more  guest  rooms- 
which  are  let  or  hired  out  to  the  public  for  use  as 
sleeping  rooms  and  includes  lodging  and  rooming 
houses,  public  and  private  clubs,  in  fact  all  classes  of 
buildings  with  the  exception  of  such  buildings  in 
which  persons  are  detained  under  restraint. 

The  Dwelling  House  law,  whose  provisions  are  not 
as  stringent  as  the  other  two  laws,  takes  in  every 
class  of  building  which  is  not  covered  by  the  other 
two  laws,  including  the  single  family  dwelling. 

Particularly  interesting  is  the  method  by  which 
these  laws  were  drafted.  The  State  Commission  of 
Immigration  and  Housing  of  California,  realizing  the 
necessity  of  the  enactment  of  housing  measures,  in- 
vited the  fourteen  largest  cities  of  the  State  to  par- 
ticipate in  a  State  Housing  Institute  by  appointing  of 
official  city  delegates.  The  Institute  in  turn  invited 
architects,  engineers,  city  planners,  realty  boards, 
chambers  of  commerce,  hotel  and  apartment  house  as- 
sociations, labor  organizations,  civic  and  communal 
workers,  and  in  fact  everyone  interested  in  the  subject, 
to  join  in  the  meetings  of  the  Institute  to  the  end  that 
a  logical,  unifoiTn,  practicable  and  enforceable  set  of 
laws  might  be  drafted.  All  of  the  cities  and  the  in- 
terests affected  heartily  indorsed  the  idea  and  joined 
in  various  meetings  held  in  the  different  parts  of  the 
State. 

An  expert,  who  was  trained  in  the  work  of  drafting 
building  and  housing  laws,  acted  as  executive  secre- 
tary of  the  Institute  and  prepared  tentative  drafts  of 
the  bills.  These  bills  were  discussed,  clause  by  clause, 
and  made  satisfactory  to  everybody,  with  the  result 
that  all  of  the  cities,  as  well  as  the  many  organiza- 
tions, including  a  branch  of  the  American  Society  of 
Civil  Engineers,  the  Southern  California  and  San 
Francisco  Chapters  of  the  American  Institute  of  Arch- 
itects, city  planning  associations,  labor  organizations, 
builders'  exchanges  and  associations,  housing  depart- 
ments,   building    departments,    health    commissioners. 
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and  others,   unanimously   and  officially   indorsed  the 
bills  when  they  were  introduced  into  legislature. 

Mark  C.  Cohn  of  Los  Angeles  has  been  appointed 
director  of  the  new  bureau,  with  headquarters  in  San 
Francisco.  Mr.  Cohn  was  the  author,  under  the  Com- 
mission, of  the  tentative  drafts  of  the  new  State  hous- 
ing laws  and  has  had  broad  experience  in  this  work, 
having  been  chief  assistant  in  the  Los  Angeles 
Building  Department  for  over  12  years.  He  also  was  a 
member  and  secretary  of  the  Los  Angeles  Building 
Code  Commission  for  three  years,  and  has  served  the 
State  as  housing  and  building  legislation  expert  as 
well  as  executive  secretary  for  the  State  Housing  In- 
stitute. 


Method  of  Handling  Excessive  Fall 
on  Culvert  Construction 

Excessive  fall  between  the  intake  and  outlet  end  of 
a  culvert  site  is  often  taken  care  of  by  means  of  a 
drop  inlet  box.  Another  method  of  handling  this 
problem,   developed    by   Mr.    F.    G.    Mallette,    County 
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Sketch   Showintj    Length   and   Slope   of  Culvert. 

Engineer  of  Decatur  County,  Iowa,  is  shown  in  the 
accompanying  illustration.  The  culvert  was  con- 
structed on  the  Jefferson  Highway  between  Davis 
City  and  Lamoni.     The  box  is  2  ft.  by  3  ft.   inside 


Culvert  on   Incline  Takes  Care  of  12  ft.   Drop. 

dimensions  and  contains  32.1  cu.  yd.  of  concrete.  The 
difference  in  elevation  between  the  upper  and  lower 
end  is  12  ft.  2  in.  The  culvei"t  was  constructed  by  day 
labor,  the  concrete  work  costing  $14.31  per  cubic  yard. 


Plans  are  now  before  the  Italian  Government  for 
the  creation  of  a  new  industrial  port  at  Venice.  It 
is  proposed  to  expend  $11,580,000  on  the  project. 
Preliminary  plans  and  estimates  for  this  work  have 
been  approved  by  the  municipality,  which  will  share 
with  the  State  and  with  the  stock  company  the  ex- 
penses of  the  new  port.  It  is  expected  governmental 
sanction  will  be  formally  obtained  within  three  or 
four  months. 


The  640  Ft.  Suspended  Span  of 

Quebec  Bridge  Hoisted  to 

Permanent  Position 

On  Sept.  11,  1916,  the  center  span  of  the  Quebec 
Bridge,  while  being  raised  to  position  between  the 
cantilever  arms,  slipped  from  the  hoisting  slings  and 
fell  into  the  St.  Lawrence  River,  causing  the  death  of 
14  men  and  a  monetary  loss  of  approximately  $1,- 
000,000.  One  year  later,  using  the  same  methods  as 
proposed  for  the  first  attempt,  a  new  span  was  hoisted 
and  on  Thursday  last  was  connected  to  the  anchor 
arms,  thus  practically  completing  one  of  the  great  en- 
gineering feats  of  the  century. 

The  actual  raising  of  the  new  span  was  started 
Sept.  17,  and  on  Sept.  20  the  required  level  was  reached. 
The  following  description  of  the  work  is  not  written 
from  a  technical  standpoint.  It  is  the  newspaper 
story  as  it  appeared  each  day  in  the  Montreal  Daily 
Star.  It  portrays  in  an  unusually  interesting  manner 
the  various  stages  of  the  undertaking: 

Quebec,  Sept.  17.—  .  .  .  .  The  span,  resting  on  its  six 
coupled  pontoons,  three  at  each  end,  began  to  rise  inch  by  inch 
just  before  5  a.  m.  and  at  5:43  the  work  ot  warping  it  out  to  a 
depth  wh.?re  the  waiting  tugs  could  take  a  hand  was  begun. 
This  was  done  by  two  sets  of  falls  v.'orking  on  anchors,  one 
warping  rivenvard,   the  other  paying  out. 

At  5:43  the  span  was  out  as  far  as  the  falls  would  drive  it 
and  the  tugs  took  hold.  At  5:53  it  was  all  clear  save  for  on? 
mocring  rope  on  the  east  end.  Then  a  larger  tug  backed  up  to 
the  center  of  the  span  and  made  fast,  while  at  the  same  time 
a  big  tug  attached  itself  to  the  center  on  the  up-stream  side, 
with  a  smaller  tug  at  each.  end.  A  reserve  tug  on  either  side 
of  the  span  was  held  ready,  in  case  of  emergency,  to  render 
assistance. 

The  tide  was  running  up  at  7  miles  an  hour,  and  there  was  a 
terrific  straining  en  the  remaining  anchor  cable  for  a  few  min- 
utes. But  the  three  tugs  on  the  down-stream  side  were  pulling 
hard  against  the  tide,  and  holding  the  mass  steady,  the  remain, 
ing  anchor  cable  was  cut,  and  the  5,500  tons  of  steel  had  had 
its  lost  remaining  link  with  .Sillery  Cove,  v.-here  it  had  been 
born  and  grown  to  full  estate,  severed. 

Slowly  the  flotilla  moved  upstream,  the  three  tugs  on  the 
lower  side  pulling  back  until  the  span  was  moving  at  4  miles 
an  hour,  and  the  three  front  tugs  going  slowly  ahead  with  the 
tide,  acting  as  guides. 

On  the  span  itself  stood  Lieut. -Col.  C.  X.  llonsarrat,  chair- 
man of  the  Quebec  Bridge  Commission.  Phelps  Johnson,  presi- 
dent of  th3  St.  Lawrence  Bridge  Co.:  G.  H.  Duggan,  chief  en- 
gineer; G.  F.  Porter,  construction  engineer;  S.  P.  Mitchell,  head 
consulting  engineer,   and  "W.   B.   Fortune,   general  superintendent. 

Away  up  on  the  cantilever  arms,  reaching  out  from  either 
shore,  stood  the  crews  on  whose  nerve  and  skill  rested  the 
responsibility  of  the  success  or  failure  of  the  final  steps.  On 
the  south  shore  arm  was  the  assistant  engineer,  R.  W.  Burpee, 
and  his  men,  watching  the  oncoming  mass.  With  strained  at- 
tention on  the  north  shore  arm  was  Assistant  Engineer  Jost  and 
his  crew,  keyed  up  to  the  same  tension. 

It  is  safe  to  say  that  not  one  of  the  men,  from  the  com- 
monest laborer  to  the  highest  skilled  mechanic,  gave  a  th.:)Ught 
to  themselves  during  that  seemingly  interminable  hour  that 
passed  while  the  span  was  coming  towards  them.  Xo  thought 
of  danger  to  themselves,  nor  of  the  fact  that  they  were  all  to 
draw  four  times  their  ordinary  pay  for  the  work  they  were 
doing,  entered  their  heads.  They  wanted  the  task  successfully 
completed,  and  having  been  painstakingly  drilled  in  every 
necessary  movement  day  after  day,  they  were  fully  determined 
to  expend  everj'  eftort  to  carry  the  undertaking  through  to  a 
brilliant  and  successful  ending.  There  would  be  no  failure  of 
the  human  element,  if  the  material  element  stood  the  test. 

At  7:20  the  whistle  signals  of  the  tugs  brought  the  span  to  a 
stop  between  the  cantilever  arms,  resting  on  the  scows,  the  two 
red  and  white  cones  hanging  in  the  center  of  two  wires  slung 
across  from  one  cantilever  to  the  other,  being  the  gruides  for 
the  operation. 

The  mooring  trusses  that  hung  on  either  side  from  the  bridge 
ends  had  been  swung  back  under  the  arms  to  permit  of  the 
passage  of  the  span  into  place,  and  during  the  next  few  min- 
utes, when  there  was  the  slack  water  period  of  the  tide,  before 
it  started  to  ebb,  these  were  lowered  and  the  span  was  securely 
moored  to  them. 

Then  came  the  attaching  of  the  hoisting  links  to  the  span 
itself.      They   were   swung   forward    into    the    slots    prepared   for 
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them  and  securely  fastened  by  a  pin — a  giant  pin  made  of  forged 
steel,  12  in.  in  diameter.     .... 

When  the  hoisting  linlis  had  all  been  attached  and  inspection 
made  that  everything  was  ready  for  the  momentous  hoist,  there 
swung  out  from  one  of  the  cantilever  arms  a  traveling  crane, 
and  attached  to  the  cable  with  a  huge  bucket.  This  was  rapidly 
lowered  to  the  deck  of  the  scows  and  all  the  engineers  who  had 
Journeyed  up  on  the  spar  entered  it  and  started  off  on  a  Journey 
through  the  air,  being  hoisted  the  150  ft.  from  the  water  level  to 
the  track  on  the  cantilever  arm,  swung  inwards  and  landed  Just 
beside  the  compressed  air  engines  which  were  so  soon  to  start 
forcing  the  water  into  the  h>  draulic  Jacks,  and  raise  the  span 
inch  by  inch  to  its  final  resting  place. 

The  fastenings  on  the  scows  had  been  cast  loose  and  as  the 
tide  gradually  receded  the  scows  got  lower  and  lower  until  there 
was  a  clear  space  between  their  decks  and  the  base  work  of 
the   span. 

The  full  strain  of  the  5,300  tons  was  now  on  the  hoisting 
links,  and  there  were  a  few  tense  moments  as  the  terrific  weight 
hung  in  suspension.  The  engineers  had  no  fears  for  the 
strength  of  the  apparatus  for  hoisting — it  had  been  tested  piece 
by  piece  be-forehand  and  found  equal  to  a  strain  of  over  SO 
per  cent  above  that  which  was  being  put  upon  it.  But  Just 
the  same,  people  who  knew  what  was  taking  place  held  their 
breaths,  and  gave  a  heartfelt  sigh  of  relief  when  everything 
seemed  all  right. 

The  scows  began  to  feel  the  pull  of  the  tide  and  slowly  be.^an 
to  move  from  under  the  span.  Their  task  was  over — they  had 
done  their  part — they  had  borne  the  mighty  burden  for  the  last 
time — and  as  they  floated  clear  there  was  a  roar  of  cheering 
from  shore  to  shore  as  if  in  congratulation  to  them. 

Tugs  took  them  in  tow  and  drew  them  away  from  the  scene. 
The    great    span    hung    clear    a    half    a    dozen    feet    above    the 
water,   the  distance  gradually  increasing  as  the  tide  fell. 

Then  came  a  wait — to  those  watching  it  seemed  unending,  but 
m  reality  it  was  not  much  longer  than  half  an  hour,  The  crews 
who  were  to  work  their  hardest  for  the  next  five  hours  were 
fortifying  the   inner  man. 

The  St.  Lawrence  Bridge  Co.  had  provided  breakfast  for  the 
men  on  the  cantilever  arms — surely  the  strangest  breakfast  table 
that  one  could  imagine — perched  on  a  mass  of  iron  work,  a  150 
ft.  above  the  St.  Lawrence  River,  with  thousands  of  people  lining 
the  shores  on  either  side  and  a  mass  of  boats,  of  all  sizes  and 
descriptions,  forming  a  support  on  either  hand.  So,  while  the 
spectators  looked  on  and  wondered  what  was  happening  on  the 
bridge,  speculating  as  to  the  cause  of  the  delay  and  advancing 
all  sorts  of  theories  to  account  for  it,  some  optimistic,  but  mostly 
of  a  pessimistic  character,  the  crews  were  calmly  eating  a  good 
breakfast. 

A  signal  announced  the  finish  of  the  repast,  and  every  man 
sprang-  to  his  station  like  a  man-of-war's  man  aboard  his  ship. 
Another  signal  was  given,  and  the  compressed  air  engines  were 
started,  the  water  wheels  were  given  a  turn,  and  the  hydraulic 
Jacks  began  to  move. 

In  front  of  the  engines  was  erected  a  "tell-tale"  a  double 
indicator  of  the  height  each  Jack  was  raising. 

This  "tell-tale"  was  built  to  double  scale,  so  that  if  one 
indicator  showed  itself  an  inch  higher  than  the  other,  it  means 
that  that  side  of  the  span  was  half  an  inch  higher  than  the 
other — half  an  inch  spread  over  the  SS  ft.  of  the  base  of  the 
span.  Only  a  mathematician  could  tell  what  thousandth  fraction 
of  a  degree  that  v.'as  out  of  true  level. 

In  front  of  each  one  of  the  hydraulic  Jacks  there  was  another 
double  indicator,  serving  the  same  purpose,  and  by  regulating  the 
flow  of  water  through  the  small  copper  pipes  feeding  the  Jacks, 
the  controlling  engineers  could  check  any  irragular  rise  on  their 
own  side  of  the  span,  while  the  central  engineers  maintained  a 
similar  check  on  both  sets. 

As  the  Jacks  began  to  lift,  the  four  men  working  the  hand- 
screw  jacks  turned  them  so  as  to  keep  right  up  with  the 
mounting  girder  which  was  hoisting  the  links,  and  in  case 
either  hydraulic  :ack  went  wrong-  the  girder  would  be  held  in 
place,  pending  repairs. 

When  the  first  2-ft.  hoist  had  been  made,  the  crew  manning 
the  checking  pin  on  the  lower  floor  pushed  it  through  a  hole  in 
the  upright  guiding  girder,  thus  locking  the  link  to  the  can- 
tilever arm.  Then  the  pin  !n  the  upper  girder  was  taken  out 
and  the  Jacks  lowered — the  hoisting  link  remaining  2  ft.  higher 
than  before. 

Resuming  their  normal  position,  the  upper  pin  was  again 
placed  into  the  hole  and  another  lift  was  started,  the  lower  pin 
being  removed  to  allow  the  iioisting  link  to  be  raised.  And  so 
it  went  on,  2  ft.  by  2  ft. 

Quebec,  Sept.  IS. — Brilliant  sun  and  not  a  breath  of  wind, 
absolutely  "made  to  order"  weather  in  other  words,  marks  the 
second  day  of  the  great  engineering  teat  of  elevating  the  central 
.span  of  the  Quebec  Bridge  seven  miles  up  the  river.  Around 
the  engineers'  headquarters,  there  is  a  spirit  of  quiet  con- 
fidence, you  cannot  find  one  of  them  rash  enough  to  assert 
that   the   huge   task    will    positively    succeed,    but   as    the    hours 


pass  hoist  succeeds  hoist,  each  one  a  little  faster  than  its 
predecessor,  and  as  the  mighty  mass  of  the  span  creeps  upward, 
every  man  upon  whose  shoulders  rests  howe\'er  small  of  weight 
of  responsibility  bi-eathes  Just  so  much  easier. 

Dawn  disclosed  the  span  swinging  securely  at  the  end  of 
rhe  links.  Last  night  it  was  made  doubly  sure  from  interference 
from  wind  by  heavy  cables  to  the  mooring  trusses,  but  there  was 
scarcely  a  breath  during  the  night. 

The  rising  sun  was  the  signal  for  the  sudden  upspringing  of 
.1  heavy  mist,  which  clung  obstinately  to  the  river  gorge,  leaving 
the  heights  on  each  side  bathed  in  sunshine.  The  great  can- 
tilever arms  vanished  into  dense  banks  of  gently  swaying 
fleece,  out  of  which  came  the  steady  breathing  of  the  hydraulic 
Jacks  and  the  occasional  ring  of  metal  on  metal.  One  of  the 
most  impressive  things  about  this  most  impressive  business  is 
the  almost  total  silence  in  which  it  is  being  carried  out. 

Yesterday,  although  the  majority  of  people  watching  from 
the  shores — and  there  were  nearly  fifty  thousand  holiday-makers 
spread  along  both  banks  during  the  day — calculated  that  fourteen 
lifts  had  been  made,  as  a  matter  of  fact  there  were  only  twelve. 
When  the  crews  stopped  for  breakfast  they  left  the  hydraulic 
jacks  at  the  top  of  the  upward  stroke,  and  when  they  resumed 
half  an  hour  later,  and  the  Jacks  were  lowered,  people  thought  it 
was  another  lift.  The  same  thing  happened  in  the  afternoon, 
when  there  was  an  interval  of  three  hours  to  allow  of  the  fixing 
of  the  tackle  for  removing  the  links  from  the  top  of  the  upper 
Jacking  girder  as  they  are  pulled  up. 

The  official  report  of  the  day's  proceedings  showed  that  prior 
to  the  attaching  of  the  span  to  the  hoisting  links  the  latter  were 
lowered  another  2  ft.,  making  the  total  height  to  be  hoisted  132 
ft.  in  all.  The  first  hoist  was  commenced  at  9:10,  while  the 
span  was  still  on  the  scows.  Three  hoists  were  made  in  suc- 
cession, being  completed  at  10:2S.  Then  the  crews  were  given 
lunch  on  the  bridge.  The  fourth  lift  started  at  2:05  p.  m.  and 
was  completed  at  2:22,  taking  seventeen  minutes  to  complete  the 
operation. 

The  times  for  the  other  hoists  were  as  follows:'  Fifth  hoist. 
2:23-2:39,  time  16  minutes.  Sixth,  2:39-2:55,  16  minutes.  Seventh, 
2:07-3:15,  IS  minutes.  Eighth,  3:15-3:32,  17  minutes.  Ninth, 
3:33-3:50,  17  minutes  Tenth,  3:51-4:08.  17  minutes.  Eleventh, 
'j:09-4:2&,  16  minutes.     Twelfth,  4:25-4:40,   15  minutes. 

It  will  be  seen  from  this  table  that  in  the  late  afternoon 
the  men  made  the  best  time,  doing  the  last  five  hfts  in  a  fraction 
over  sixteen  minutes  each — which  was  considered  by  the  en- 
gineers to  he  rc-markably  good,  and  nearly  four  minutes  better 
than  they  had  calculated  as  a  fair  average,  allowing  for  adjust- 
ments. The  compressed  air  pumps  were  operated  at  the  rate  of 
45  to  50  strokes  per  minute. 

Last  night  the  mooring  lines  were  removed  and  strong 
anchoring  tackle  was  put  on  to  hold  the  span  in  place  against 
any  wind  that  might  spring  up  in  the  night. 

After  the  first  two  hoists  of  this  morning,  which  were  com- 
pleted at  8  o'clock,  an  hour  and  a  half  was  spent  in  removing  the 
first  section  of  the  hoisting  links  at  each  corner.  These  links 
are  24  ft.  long,  and  as  they  are  pushed  upward  they  project 
above  the  cantilever  arms  and  are  easily  removed. 

At  a  quarter  to  nine  a  thick  mist  blew  down  the  river,  hiding 
the  bridge  almost  completely  for  a  short  time,  but  the  strong- 
sun  soon  dispelled  it,  and  by  the  time  the  first  train  of  sightseers 
arrived  about  half-past  nine,  everything  was  bright  and  clear 
and  people  could  watch  the  slow  rise  and  fall  of  the  Jacks. 

Ten  thousand  people  came  out  to  the  bridgehead  by  the 
Canadian  Government  Railway  and  were  kept  by  Capt.  Scroope. 
h'ead  of  the  St.  Lawrence  Bridge  Co.  special  police,  and  his  men, 
clear  of  the  bridge  approaches. 

About  10  o'clock  the  sun  sucked  the  resistance  out  of  the  fog 
and  from  the  cliffs  the  observers  could  note  progress.  The  highest 
point  of  the  span  then  hung  apparently  about  25  ft.  below  the 
deck  level  of  the  cantilever  arms.  By  noon  this  gap  had  been 
bridged  and  -nhen  lunch  was  served  the  topmost  point  on  the 
curving  arc  of  the  swinging  span  was.  as  nearly  as  could  be 
Judged,  at  deck  level.  There  were  then  SS  ft.  more  to  go  before 
deck  Joins  deck. 

Reference  has  been  made  to  precautionary  measures  being 
taken  to  avoid  accident.  One  of  these  is  scarcely  scientific,'  but 
is  none  the  less  potent  with  the  men  on  the  ends  of  the  can- 
tilever arms.  There  is  no  hoist  number  13;  they  Jump  from  12 
to  14  via  12  A. 

The  way  the  men  on  the  steel  look  at  it  is  that  while  there 
may  be  nothing  in  that  old  13  stuff,  en  the  other  hand  there 
".nay  be.  Therefore,  to  eliminate  it  is  possibly  on  a  par  with 
installing  a  few  extra  hand  Jacks,  and  leaving  the  mooring  trust 
hanging  instead  of  taking  it  down,  as  they  did  last  year — a 
little  "safety  first"  measure  that  doesn't  cost  much  and  may 
mean  a  lot. 

They  made  14  hoists  this  morning,  or  more  than  they  made 
all  day  yesterday.  Furthermore,  they  made  three  of  them  in  12. 
minutes  each,  beating  the  best  record  yesterday  by  about  three 
minutes. 

Work  will  be  stopped  about  5  this  afternoon,  as  it  was  yes- 
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terday.     It  is,  of  course,   hiipcssible  to  predict  with  certainty,  but  gineers,    nere    serene    enough,    however.      It   would    have  taken    a 

the  span  should  be  in  position  some  time  tomorrow  afternoon.  mighty  storm  to  effect  the  span  now  so  closely  hauled  up  on  its 

Quebec,    Sept.    19.— The   bridge  job    is   half  over.     At   9:55   this  hoisting  chains, 

morning  the  hydraulic  jacks  eased  oft  on  the  hoist  that  marked  At   2:19   p.    m.    the   final   lift   was   completed.     After  this   the 

the   middle  of   the.  great   task   of   raising   the   center   span.     The  pins  which  will  bolt  the  span  to  the  cantilever  arms  alone  remain 

men  doing  the  work   may  have  noted  the  point,   but  if  they  did  to  be  inserted  to  complete  this  portion  of  the  work, 

thev   said   nothing.      Incidents   of   that   character   make   little   ira-  

''■wc';k°rp'rr;eding  with  the  perfect  sH,oothness  that  sug-  ProMems  111  tfac    Saiiitation    and 

gests    endless   rehearsal.     It   is   as   though   men   on   the   ends   of  Voritllafi  rkn    nf  TTfvti  If    IVfllls 

the    cantilevers    had    been    putting    up    this    particular    bridge    all  »   CillliailV^ll    KJL     X  CA.111C   ITXlllO 

their  lives.  There  have  been  one  or  two  slight  delays,  but  not  'J'he  problems  of  .Sanitation  and  ventilation  in  in- 
one  serious  hitch.  The  total  accidents  have  been  a  broken  nose  (j^g^ ^.j^l  plants  have  not  Until  recently  received  t^at 
when    a   bit   of   broken    bracket   fell,    and    a   few   bruises    through  l.         .lx       i.-                i.  •    i.       •                         i         j            iu    ™ 

a  slip  on  a  wet  plate.    But  lest  there  should  be  any  suspicion  thorough    attention    which    IS    properly    due    them 

of  rushing,  a  fiat  went  forth  that  no  hoist  should  be  completed  through  their  close  connection   with  the  health  and 

in   lei^s   than   fourteen   minutes.      Yesterday   they   clipped  some   of  efficiency    of  the   workers.      An    interesting    disCUSSion 

them  off  in  twelve.          ,    ,    „        ,      ...              „i„„ot  v,iH  of  these  problems  was  presented  on  Sept.  13  before 

When   the   gangs   knocked   off  lor  lunch,    the   span   almost   hid  i"            .c    .,.       xt    i-          i    o    j;  x       /-■             -i    v       T(/r 

the  highest  point  of  the  south  shore  cantilever  from  the  deck  the  congress  of  the  National  Safety  Council  by  Mr. 

level  of  the  north  side.    If  things  continue  to  go  as  smoothly  W.  Fred  Dolke,  Jr.,  of  Lockwood,  Green  &  Co.,  Engi- 

today  and  tomorrow  as  they  have  since   the  commencement,   the  neers,    Boston,    MaSS.       An      abstract    of      Mr.    Dolke'S 

span  should  be  in  position  by  tomorrow  evening.      Weather  con-  „„„„,.   fnllnw<!- 

ditions    are    still    peifect,    the    expected    blow    predicted    by    the  P^pei    luiiuws .                      ..,.,..      ......         •                 -,1   4.U 

weather  experts  having  failed  to   materialize.     There  is  a  gentle  In   any   installation    of  toilet  facilities    in    a   mill  the 

west  wind  which  merely  tempers  the  sun.    At  12  o'clock  three  main   Considerations  to  be  studied  will  be  the  loca- 

fifths  of  the  hoisting  was  completed.  tion  and  housing  of  the  toilet  rooms,  and  the  amount 

Three   hours   were   lost   yesterday   through   the   breaking  of   a  ,    ,  .     ,       .  pnnmmpnt 

brackett   used   for  lifting  out   the   link    sections   after  they   have  ^"°  .*^'"°   °^   equipmeni.                      ^   ^i.      ^    .,   ^   ..      .,..i- 

been  hoisted— a  petty  mishap,  which  had  nothing  to  do  with  the  With    regard   to   the    location    of   the   toilet   facilities 

actual  span  lifting,  but— it  was  enough  to  hold  up  all  the  work  there  are  two  prominent  features  to  be  considered. 

and   prevented  the   span   from   being  raised  beyond   the   half-way  jj^   ^^le   first   place,   facilities    should   be    SO   placed   that 

"'Vo  thii'  mrn7;g^hTet^fnTrs'?p"ent  the  first  two  hours  in  there  will  be  no  Undue  loss  of  time  because  of  their 

overhauling  and  bracing  the  brackets  on  every  section,  believing  remoteness  from  any  worker.     This  IS  a  matter  whlch 

it  vviser  to  strengthen  them  now  rather  than  be  held  up  later  on  must    be    studied    OUt    for    any    individual    plant,    but 

in  the  day.  practice   and   law   have    established    definite    limits. 

The   tuning  up   of  the  compressed  air  engines  and   the   team  TVTa  =  =  ap>,nsptts     for    pxamnle     has    set    300    ft     as    the 

work  of  the   crews   at   each  pin,   resulted   in  a  record   being   es-  iViassacnusettS,    lor    example,    nas    set    ;3UU    II.    as    me 

tablished    yesterday   afternoon    for   a   complete   cycle— that   is,    a  maximum   distance   except  in   those   caseS  where   serv- 

hoisi  and  a  lowering  of  the  jack.    It  only  took  eleven  minutes  [qq  elevators  are  provided  for  employes.     New  York 

to  carry  out,  which  is  an  improvement  of  several  minutes  on  the  g^.^^.^    requires    that    no    water-closet    shall     be     more 

"'mfr^fhciafVecord  of  yesterday  afternoon's  hoists  were  as  than  one  floor  above  or  below  the  regular  place  of 

roUcws:  work  of  a  person   using  the  same,  and   recommends 

Twenty-seventh  hoist  commenced  at  3:3G,  finished  at  4:00,  time  that  toilet  rooms  be  placed  on  the  same  floor  with  the 

24  minutes:  twenty-eighth.  4:00%-4:i2,    uv^    minutes;    twenty-  .^^.orifers  even   at  the  expense   of  installing  a   larger 

ninth,    4:13V4-4:26iA.    13    minutes;    thirtieth,    4:27-4:39,    12    minutes;  u           f 

thirty-first,   4:10-4:52.   12  minutes;    thirty-second,   4:53-5:06%,   13%  number   01    roomS. 

minutes;    thirty-third,    d':07-5:19,    12    minutes;    thirty-fourth,    5:20-  The    SeCOnd     consideration     in    the     location    of    the 

5:31,  11  minutes.  toilet  room  is  One  which  under  the  enlightenment  of 

This  morning's  ofTiciai  figures  follow:  modem  thought  is  SO  obviously  desirable  as  hardly 

jjo                                              started.           Finished.        mlns.  to  need  mention.     It  is  that  toilet  fixtures  should  be 

35    •. 9:03                 9:17%            14%  located  in  rooms  entirely  separated  from  the  work- 

p  ;:;:::::::::::::::::::::::::::  1:33^         9-49          il^  shops.    The  advantages  from  the  point  of  view  of 

38  ;!!!!!!'.!'.!!;;;;;!!;;!;;!'.'.!!'..'  9-49              10:03               14  health  and  decencv  are  self-evident,  but  it  is  a  sad 

39     10:03%                 10:25                    2IV2  ,                      ,    "                  ,             i         ii.    ^     ii. 

40    i0:44               10:58               14  commentary   on   human   character  that    the    various 

jl    jj.-fl               JJ-.gg               {4  states  find  it  necessary  to  make  separate  housing  of 

43    .'!.'.'.'.'.'.'.'.';.'.'!!.";.".'!!;!!!!!!.'!!ii:2s               ii:42               14  toilet  facilities  a  legal  requirement. 

**    ^^'^^               ^"'  Of  course  it  is  sometimes  desirable  to  place  wash- 
Quebec,  Sept.  20. — A  cold,  gusty  wind,  which  at  times  reached  .          .      ....         ,.        ,,      .       .,       „,„„i,„i,„„„     u„i-  n-  „,^,,^A 

25  mile*  an  hour,  marked  the  first  break  in  the  perfect  weather  mg  facilities  directly  in   the  workshops,  but  it  WOuld 

which  has  from  the  beginning  aided   in  the  big  task  at  the  Seem  preferable  generally  to  install  them  m  the  toilet 

Quebec  bridge.     It  was   doubtful,   early  in  the   morning,   whether  rOOm.      When    locker    rOOms    are    provided    it    is    decid- 

work  would  be  commenced,  but  there  was  a  thorough  inspection  g^jj       advantageous    to    locate    the    lavatorieS    with    the 

=^"i:^;oTrr^rfft"h^errrufage,  the  wind  dropped  to  22  lockers,  with  the  other  toilet  fixtures  in  an  adjoining 

miles,  and  better  progress  than  ever  was  made  with  the  hoists.  rOOm.  In  thlS  Case  there  should  be  direct  aCCeSS  from 
In  less  than  an  hour  four  of  them  were  made.  The  wind  was  the  WOrkrOOm  to  the  toilet  rOOm  SO  aS  to  prevent  em- 
blowing  in  gusts  which  traveled  with  increased  force  down  the  plgyes  from  lingering  at  their  lockers,  and  also  at 
river  gorge,  but  the  span  showed  no  sign  whatever  of  any  lavatory  should  be  located  with  the  Water 
strain  upon  it.  ^ 

A^  1th   only   15    more   hoists   to   make,   the   great   span   entered  closetS. 

on  the  home  stretch  at  9  o'clock,  when  hoisting  began.     Barring  Xhe    size   of   the   toilet   rOOmS   will   naturally   depend 

accidents,  the  setting  of  today's  sun  should  see  the  coupling  pins  ^            ^^^   number    of    fixtures    to   be   hoUSed,    but   even 

'^:T'Z:TVl^^erlr:^'f^'^^:'^'^^^f^^  in  this  case  the  minimum  requirements  have  been  set 
linked  up.  forth  in  some  states  by  legislation  and  these  require- 
Yesterday  passed  without  Incident,  a  day  of  steady,  calculated  ments  constitute  a  good  working  basis.    In  New  York 

progress,  while  the  curve  of  the  span  rose  like  a  top  of  a  great  ^^^^^  j^  jg  necessary  to  provide  at  least  90  CU.   ft.  for 

steel    moon    between    the    outstretched   arms.     It   was   a   day   of  „,ator  f>lr,«pt  nr  urinal    while  Massachusetts  stin- 

rather  depressing  weather,  hot,  with  a  steadily  falling  barometer.  each  water  Closet  or  Urmal,  Wttlie  MaSSacnuSettS  Stip 

A   spatter   of  rain   came   a  little   after   four  and   passed,   but   the  ulates  10  Sq.  feet  and  80  CU.  ft.  aS  the  minimum  Space 

big  HLen  on  the  job  had  eyes  only  for  the  barometer  needles.  allowable. 

What  looked  as  though  it  were  going  to  be  a  very  ugly  When  we  tum  to  a  consideration  of  some  of  the 

storm    blew    up   just   before    six,    with    careering   clouds.      It   was  ,  ,                .            ,.,    ,.          .„   4.„„i;i„  ™;ii„     „,„  4-„i,„   ,,„   „ 

split  as  though  with  a  great  knife  just  before  it  struck  the  bridge  problems  of  ventilation  in  textile  mills,  we  take  up  a 

and    went    flaring    and    growling    off    east    and    west.      The    en-  subject  which   not  only  tends  to   be  Complex,   DUt  One 
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which  has  a  more  direct  and  obvious  effect  on  health,      tion,  and  proper    conditioning  of   air   under  all  cir- 


Because  we  know  the  amount  of  air  which  is  taken 
in  by  an  average  adult  at  each  respiration  and  also 
the  results  in  air  change  at  each  respiration,  we  are 
able  to  compute  that  we  must  supply  to  each  individ- 
ual in  a  room  2,000  cu.  ft.  per  hour  of  fresh  air  con- 
taining four  parts  of  carbon  dioxide  in  10,000  in 
order  to  maintain  a  carbon  dioxide  content  in  the 
room  of  not  over  seven  parts. 

It  is  evident  that  where  there  is  a  space  of  2,000 
cu.  ft.  for  each  person  in  a  room  with  all  doors  and 
windows  tightly  closed,  it  will  take  an  hour  to  raise 
the  carbon  dioxide  content  to  the  danger  point,  and 
also  that  if  any  positive  movement  of  air  in  through 
the  windows  takes  place  the  length  of  time  required 
to  raise  the  carbon  dioxide  content  to  the  danger 
point  will  vary  according  to  the  amount  and  quality 
of  incoming  air.  With  less  than  2,000  cu.  ft.  of  space 
per  person  in  the  room,  some  means  of  ventilation 
will  evidently  become  necessary. 

This  matter  is  rapidly  becoming  the  subject  of 
state  legislation  and  a  statement  of  the  requirements 
of  the  Illinois  ventilation  law  for  factories  and  mills 
will  interest  us  as  giving  some  basis  for  determin- 
ing when  ventilation  becomes  necessary. 

This  law  requires  at  least  500  cu.  ft.  of  space  for 
each  person  in  rooms  using  lights  that  consume  oxy- 
gen and  at  least  250  cu.  ft.  for  rooms  using  electric 
lights.  In  addition  it  is  stated  that  all  rooms  hav- 
ing at  least  2,000  cu.  ft.  of  space  per  person  and  hav- 
ing an  outside  door  and  window  area  of  at  least  one- 
eighth  of  the  floor  space  shall  not  be  required  to  have 
artificial  means  of  ventilation. 

All  rooms  having  less  than  2,000  cu.  ft.  of  space 
per  person  and  with  an  outside  door  and  window  area 
as  before  specified  must  be  provided  with  an  artificial 
means  of  ventilation  at  the  rate  of  1,500  cu.  ft.  of 
fresh  air  per  person  per  hour  during  such  weather 
when  windows  can  not  be  left  open  for  ventilation. 
When  the  outside  window  and  door  area  is  less  th^n 
one-eighth  of  the  floor  space  then  artificial  ventilation 
must  be  supplied  at  the  rate  of  1,800  cu.  ft.  per  per- 
son per  hour. 

This  law  does  not  seem  logical  or  consistent,  but 
that  is  not  a  point  to  be  argued  here.  Other  states, 
notably  Ohio,  New  York,  and  Massachusetts,  have 
laws  for  ventilation  which  are  not  so  specific. 

Now,  what  are  the  conditions  in  textile  mills?  In 
spinning  rooms,  employes  occupy  from  500  to  1,000 
sq.  ft.  of  floor  space,  and  so,  for  usual  story  heights, 
from  5,000  up  to  as  much  as  12,000  cu.  ft.  of  space, 
per  employe.  The  window  openings  will  vary  from  as 
little  as  one-fifteenth  to  as  high  as  one-sixth  in  un- 
usual cases.  The  average  will  probably  be  about 
one-tenth.  Weave-shed  workers  will  occupy  about  the 
same  amount  of  floor  space  in  general  as  that  given 
for  spinning  employes,  whereas  the  cubic  space  will 
be  even  greater.  Not  all  weave  sheds  are  well  sup- 
plied with  windows,  but  the  ventilators  usually 
placed  in  the  peak  of  the  sawtooth  skylights  will  act 
in  the  place  of  windows. 

In  most  modern  textile  plants  the  relative  humidity 
is  kept  at  or  near  a  constant  point  by  artiflcial  ap- 
paratus for  manufacturing  reasons,  and  it  thus  be- 
comes necessary-  to  maintain  the  temperature  of  the 
workrooms  at  that  point  in  relation  to  the  humidity 
which  will  result  in  the  greatest  comfort  to  the  em- 
ployes; in  other  words,  to  provide  only  so  much  ex- 
ternal heat  as  is  necessary  to  prevent  the  body  radiat- 
ing more  heat  than  it  produces. 

Unquestionably  the  only  certain  and  efficient 
method   of  securing  proper  renewal,  proper  circula- 


cumstances  is  to  force  fresh  air  that  has  been 
washed,  heated,  and  humidified,  into  the  room  under 
pressure.  It  is  not  my  intention  to  say  that  natural 
ventilation  is  always  a  failure,  but  to'  bring  out  the 
self-evident  fact  that  to  maintain  a  standard  atmos- 
pheric condition  in  a  room,  that  room  must  be  con- 
sidered a  closed  box  and  air  of  a  definite  condition 
admitted. 

A  blower  system  of  heating  and  ventilation  has 
many  advantages,  briefiy  outlined  as  follows : 

Positive  ventilation  is  obtained  entirely  independ- 
ent of  changing  climatic  conditions.  The  air  can  be 
washed  free  of  all  dust,  and  the  humidifying  which 
is  necessary  in  textile  operations  can  be  done  at  the 
heating  and  blowing  apparatus.  A  much  smaller 
amount  of  radiating  surface  will  be  required  in  the 
workroom  to  perform  an  equal  heating  duty  with  a 
consequent  reduction  in  the  number  of  steam-tight 
joints,  unions,  and  valves  to  keep  in  repair.  The  air 
leakage  being  mostly  outward  the  building  will  be 
freer  from  drafts  and  more  uniformly  heated.  The- 
system  is  easily  regulated  to  respond  readily  to 
changing  outside  temperatures.  In  summer  the  air 
may  be  cooled  by  the  circulation  of  cold  water 
through  the  heater,  while  simply  running  the  fan 
will  in  itself  greatly  relieve  the  oppressiveness  of 
hot,  sultry  weather. 

The  biggest  objection  raised  against  a  blower  sys- 
tem is  its  much  greater  initial  cost  and  the  amount 
of  power  consumed  in  running  the  fan  and  in  heat- 
ing outside  air.  This  objection  can  be  offset  in  part 
by  a  lower  maintenance  cost,  and  largely  by  the  great 
advantages  that  accrue  both  to  the  employes  by  rea- 
son of  better  working  conditions  and  to  the  employer 
from  greater  efficiency  of  the  workers  and  better 
quality  of  product. 


Concrete   Mixer  with   Underslung  Chain 
Drive 

A  concrete  mixer  with  underslung  chain  drive  has 
been  placed  in  production  by  the  T.  L.  Smith  Co., 
Milwaukee,  Wis.  In  this  design  the  chain  goes  under 
the  truck  frame,  around  an  idler  pulley  on  the  roller 
shaft  and  back  under  the   drum,  the   latter   serving 
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Underslung  Chain  Drive  Arrangement  cf  7-S  Smith-Chicago  Mixer. 

as  a  constant  and  automatic  tightener.  It  is  claimed 
the  upward  pull  on  the  chain  produces  a  perfect  con- 
tact between  the  chain  and  the  sprocket  teeth,  and 
also  materially  reduces  the  wear  on  the  rollers,  roller 
shafts  and  boxes.  The  new  7-S  Smith-Chicago  Mi.xer 
is  equipped  with  this  drive. 
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Why  the  Bad  Stretches  in  State 

Highways  Are  Often  Found 

in  Cities  and  Villages 

In  an  address  before  the  League  of  California  Mu- 
nicipalities, Mr.  Charles  F.  Stern,  State  Highway 
Commissioner,  said: 

If  the  traveler  throu.arh  your  town  is  a  through  traveler,  all 
he  will  note  i.s  that  it  is  a  place  in  the  read  where  he  dropa 
from  a  concrete  ijavement  to  a  rough  piece  of  KOiiig. 

What  is  true  of  California  in  this  respect  is  un- 
fortunately true  of  every  other  state.  Paved  state 
highways  are  marred  by  ill  paved  or  unpaved 
stretches  through  cities  and  villages.  There  is  almost 
complete  lack  of  co-operation  between  state  and 
municipal  officials.  Why?  Principally,  not  because 
there  is  either  absence  of  desire  to  work  in  harmony 
toward  securing  continuous,  smooth  highways,  but  be- 
cause municipal  authorities  are  usually  powerless  to 
co-operate.  We  suggest  that  city  engineers  should 
initiate  movements  leading  toward  reforms  in  city 
ordinances  and  even  in  city  charters,  with  a  view  to 
giving  the  city  engineer  powers  similar  to  those  pos- 
sessed by  a  state  highway  commissioner  and  its  en- 
gineers. A  state  highway  commission  has  authority 
to  build  highways  where,  when  and  how  it  wishes  to 
build,  is  not  circumscribed  and  harried  by  foolish 
laws,  and  can  spend  monies  so  as  to  secure  the  great- 
est benefit  for  the  greatest  number  in  the  state.  In 
most  cities  and  towns  no  one  possesses  any  such 
authority  as  to  street  improvement.  Hence  the  crazy- 
quilt  streets  that  characterize  most  of  our  mu- 
nicipalities. 


A  Common  Fallacy  in  Estimating 

the  Economy  of  Different 

Classes  of  Highway 

Bonds 

It  is  frequently  asserted  that  "serial  bonds"  are 
more  economic  than  "sinking  fund  bonds"  for  public 
works,  and  hypothetical  calculations  are  produced 
that  seemingly  prove  the  proposition.  We  will  indi- 
cate briefiy  the  fallacy  involved  in  such  reasoning. 

A  sinking  fund  bond  is  one  that  is  redeemed  at  the 
end  of  its  life  by  the  payment  of  a  sinking  fund  that 
has  been  built  up  from  the  deposit  of  annuities  that 
draw  compound  interest.  Serial  bonds,  on  the  other 
hand,  are  not  retired  by  means  of  a  sinking  fund,  but 


certain  amounts  of  the  bonds  are  retired  annually 
until  the  entire  series  has  been  paid  off.  To  illus- 
trate, if  $100,000  worth  of  4  per  cent  20-year  sinking 
fund  bonds  are  issued,  and  if  the  sinking  fund  draws 
3.5  per  cent  interest,  the  annual  interest  is  $4,000 
and  the  sinking  fund  annuity  is  $3,536,  making  a  total 
"annual  cost"  of  $7,536.  If  $100,000  worth  of  3  per 
cent  serial  bonds  are  issued,  and  one-twentieth  of 
them  matures  each  year,  the  "average  annual  cost" 
is  $7,100.  This  gives  an  apparent  economic  advan- 
tage of  $436  annually  as  compared  with  the  sinking 
fund  bond.  We  say  apparent,  for  there  is  no  real 
economic  advantage  whatsoever. 

In, solving  any  economic  problems  of  this  sort,  it  is 
essential  not  only  to  look  at  the  expense  side  of  the 
account  but  also  at  the  income  side.  Engineers  and 
political  economists  are  given  to  forgetting  the  in- 
come side  of  the  account,  and  thus  fall  into  the  error 
of  believing  that  by  merely  changing  the  dates  of 
payments  on  loans  they  can  change  the  profits  of  an 
enterprise.  Let  us  now  consider  the  net  income  de- 
rived from  the  expenditure  of  the  $100,000  principal. 

Let  us  assume  that  the  $100,000  is  invested  in  a 
country  road,  and  that  as  a  result  of  the  road  im- 
provement a  net  saving  of  $10,000  is  annually  ef- 
fected in  the  cost  of  hauling  produce  over  the  road. 
Now,  if  this  road  were  the  property  of  a  company, 
and  if  the  company  hauled  all  the  products  and 
charged  a  given  rate  per  ton-mile,  it  would  follow 
that,  since  the  improved  road  caused  a  net  saving  of 
$10,000  annually,  the  annual  net  earnings  of  the  com- 
pany would  be  increased  by  $10,000.  On  the  other 
side  of  the  ledger  would  appear  an  interest  charge  of 
$4,000  on  the  $100,000  bonds,  leaving  a  net  profit  of 
$6,000  attributable  to  the  road  improvement. 

Out  of  this  $6,000  annual  profit  is  to  come  the 
money  with  which  to  redeem  the  bonds.  If  the  bonds 
are  20-year  sinking  fund  bonds,  then  an  annuity  of 
$3,536  will  serve  to  redeem  them,  according  to  the 
assumed  conditions  above  given.  Deducting  this  from 
the  $6,000  annual  profit  leaves  $2,464  surplus.  But,  if 
the  bonds  are  20-year  4  per  cent  serial  bonds,  the  first 
annual  payment  will  be  $4,000  interest  plus  $5,000 
to  retire  one-twentieth  of  the  bonds,  leaving  a  bal- 
ance of  $1,000  to  be  put  in  the  surplus.  The  next 
year,  however,  the  amount  placed  in  the  surplus 
would  be  $1,200,  and  for  each  succeeding  year  the 
increase  in  the  annual  amount  placed  in  the  surplus 
would  be  $200. 

Now,  if  the  company  invests  the  surplus  in  securi- 
ties bearing  3.5  per  cent  interest,  at  the  end  of  20 
years  the  surplus  will  be  precisely  the  same  in  both 
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cases.  In  other  words,  at  the  end  of  the  life  of  the 
bonds  the  company  will  be  precisely  as  well  off 
financially  whichever  form  of  bonds  it  issues,  whether 
serial  or  sinking  fund.  Of  course,  if  the  surplus  is 
assumed  to  earn  no  interest,  then  the  serial  bonds  are 
preferable;  but  this  is  an  assumption  that  is  not 
tenable,  for  under  the  very  assumption  that  a  sinking 
fund  will  yield  3.5  per  cent  it  is  admitted  that  all 
capital  can  find  that  rate  of  return. 

What  is  true  of  a  company,  such  as  we  have  pic- 
tured, is  true  of  a  community — a  county,  a  city  or  a 
.'^tate — but  the  fact  is  obscured  because  the  profits 
resulting  from  highway  improvement  are  never  gath- 
ered into  one  surplus.  Instead,  the  profits  flow  into 
many  different  coffers,  whence  the  different  indi- 
viduals draw  them  for  private  investment  or  con- 
sumption, each  according  to  his  pleasure.  This,  how- 
ever, does  not  alter  the  fundamental  economic  like- 
ness of  the  hypothetical  company  and  the  actual  com- 
munity. 

We  have  discussed  this  problem  at  some  length  be- 
cause every  year  several  engineering  articles  are  pub- 
lished in  which  the  authors  endeavor  to  show  that  a 
given  method  of  paying  off  highway  bonds  is  more 
economic  than  some  other  method,  when,  as  a  mat- 
ter of  fact,  there  is  no  economic  gain  whatsoever.  The 
errors  in  such  reasoning  always  may  be  traced  to 
failure  on  the  part  of  the  authors  to  consider  the  in- 
come side  of  the  account.  They  look  through  the  hole 
in  the  doughnut  without  seeing  the  doughnut. 


Cost  Keeping  on  All  Roadwork  in 

Washington  State  to  Be  Made 

Compulsory 

A  bill  is  before  the  legislature  of  the  state  of 
Washington  providing  for  a  system  of  cost  records 
on  all  state  and  county  roads.  The  bill  is  so  unique 
that  we  have  published  it  in  full  in  this  issue,  as  part 
of  a  paper  by  David  H.  White,  entitled  "Report  of 
Joint  Committee  on  Cost  Data  for  Construction  and 
Maintenance  of  Roads." 

It  is  our  judgment  that  this  bill  is  essentially  sound 
in  principle,  for  it  aims  to  secure  records  by  which 
it  will  be  possible  to  determine  not  only  the  efficiency 
of  engineers  and  road  builders,  but  the  relative  worth 
of  different  types  of  roads  under  stated  conditions. 
Also  it  will  be  seen  that  the  bill  provides  for  a  uni- 
form system  of  cost  records  throughout  the  state,  thus 
making  it  possible  to  compare  the  unit  costs  incurred 
by  the  different  counties. 

In  carrying  out  the  provisions  of  this  bill,  should  it 
become  a  law,  it  will  be  desirable  to  require  the  meas- 
urement of  all  quantities  of  different  classes.  Where 
work  is  done  by  contract,  it  is  customary  to  measure 
quantities  in  order  to  determine  the  contractor's  com- 
pensation, but  where  work  is  done  by  day  labor  it 
frequently  happens  now  that  quantities  are  not  meas- 
ured. 

One  of  the  main  objects  of  this  bill  is  to  ascertain 
unit  costs,  whether  the  work  is  done  by  day  labor  or 
by  contract.  There  can  be  no  doubt  that  if  this  object 
is  accomplished,  much  greater  economy  will  be  ef- 
fected in  both  road  construction  and  maintenance 
than  would  be  possible  otherwise. 


According  to  figures  reported  to  G.  F.  Loughlin,  of 
the  U.  S.  Geological  Survey,  there  were  sold  in  1916 
44,79.5.796  granite  paving  blocks,  valued  at  $2,288,486 


An  Unusual  Advertising  Campaign 
by  Engineering  Colleges 

On  the  opposite  page  we  reproduce  an  advertise- 
ment that  is  appearing  in  daily  papers  throughout 
America.  It  will  be  noted  that  it  is  sponsored  by  56 
engineering  colleges,  or  about  half  the  total  num- 
ber in  this  country.  Relatively  few  names  of  State 
universities  appear  in  the  list,  but  all  the  other  lead- 
ing universities  have  co-operated  in  this  laudable 
enterprise. 

Early  this  year  Engineering  and  Contracting  be- 
gan urging  a  publicity  campaign  of  this  sort,  for  it 
was  evident  that  America's  entrance  into  the  world 
war  would  reduce  the  attendance  at  engineering  col- 
leges unless  special  efforts  were  made  to  induce  young  , 
men  to  secure  technical  training. 

Although  this  co-operative  advertising  has  started 
Homewhat  late  in  the  season,  it  will  doubtless  bring 
results.  There  are  engineers  who  will  criticise  this 
attempt  to  increase  the  number  of  engineers,  and  it 
will  be  urged  that  no  dearth  of  engineers  exists  or 
is  likely  to  exist  as  a  result  of  the  war.  Also  it  will 
be  said  that  general  advertisements  like  that  on  the 
opposite  page  will  lead  many  an  ill-adapted  man  to 
enter  the  engineering  profession. 

Debate  as  to  whether  or  not  more  engineers  will  be 
needed  should  not  be  allowed  to  begin  until  the  -de- 
baters have  defined  the  term  engineer  and  have 
f.greed  upon  the  general  scope  of  engineering.  When 
that  is  done  there  is  likely  to  be  no  debate. 

Engineers  who  still  adhere  to  the  narrow  concep- 
tion of  engineering  as  being  merely  the  designing  of 
machines  and  structures,  would  have  some  reason, 
perhaps,  for  believing  that  a  sufficient  number  of  stu- 
dents are  annually  graduated  from  engineering  col- 
leges. They  may  well  dwell  upon  such  facts  as  the 
consolidation  of  many  public  utility  and  manufactur- 
ing companies  and  the  standardization  of  plans,  as 
being  economic  steps  that  tend  to  reduce  the  num- 
ber of  designers  needed  in  this  country.  But  the 
engineer  who  has  a  broader  conception  of  what  his 
profession  embraces  will  at  once  refuse  to  debate  if 
he  is  to  be  held  to  a  narrow  definition  of  engineer- 
ing. To  him  anyone  who  applies  science  in  the  solu- 
tion of  economic  problems  is  doing  engineering  work, 
and  if  he  trains  himself  or  is  trained  to  do  so  sys- 
tematically upon  every  occasion,  he  is  entitled  to  be 
called  an  engineer. 

There  is  an  infinitude  of  ways  in  which  science 
mav  be  applied,  and  engineering  already  offers  a  vast 
number  of  fields  for  the  application.  Therefore,  even 
though  many  an  engineering  graduate  lacks  the  quali- 
ties that  go  to  make  an  "ideal"  engineer  still  his  en- 
gineering education  makes  him  of  more  worth  to 
himself  and  to  society  than  would  be  the  case  were 
he  wholly  untrained  in  science.  In  any  event,  the 
risk  of  influencing  undesirable  or  unfit  men  to  study 
engineering  should  not  be  used  as  an  argument 
:,gainst  general  publicity  as  to  the  value  of  engineer- 
ing education. 

During  the  22  years  from  1895  to  1916  only  35,777 
engineers  of  all  kinds  were  graduated  in  America, 
11,621  being  civil  engineers.  Engineers  who  have  been 
accustomed  to  speak  of  the  overcrowded  condition  of 
the  profession  may  well  ponder  these  figures.  If  in  a 
nation  of  a  hundred  million  people,  11,621  civil  engi- 
neers graduated  in  22  years  can  cause  an  overcrowd- 
ing, then  civil  engineering  is  not  the  increasingly  im- 
portant profession  that  we  have  believed  it  to  be. 
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After  the  War 

THE  wheels  of  industry  must  turn  again.  Railroads,  high- 
ways, factories,  ships  and  even  cities  must  be  built,  here 
and  abroad.  Mines  must  be  re-opened.  The  conditions  of 
a  waT'torrt  world  must  be  met. 

America  must  take  a  leading  part  in  the  reconstruction  to 
come.  We  need  to  prepare  fc  this  work  as  we  do  for  the 
war.  Products  of  our  factories,  farms  and  mines,  raw 
materials  and  finished  products  will  be  needed  in  enormous 
quantities.  The  wounded  must  be  aided  and  sanitation  re- 
stored. Navigation  must  be  supplied  for  our  new  commerce. 

To  do  tliis  work  we  need  the  services  of  a  vast  number  of 
trained  engineers,  chemists,  biologists,  melallurgists,  agri- 
culturists arid  physicians.  The  supply  or  trairied  men  must 
be  increased  to  meet  this  overwhelming  demand. 

Voimg  men  v.ho  are  ineligible  for  military  service,  for 
one  reason  or  another,  or  who  can  render  better  service  t)y 
completing  their  technical  courses  should  tram  themselves 
for  work  in  the  field  of  applied  science.  It  is  your  duty! 
You  owe  it  to  your  Country  injustice  to  the  men  who  are 
going  to  the  front. 

Shot  and  shell  have  reduced  the  ranks  of  European  en- 
gineers. .\nd  the  war  needs  of  Americajiave  lowered  our 
number  of  available  engineers.  Many  European  technical 
schools  have  closed  or  have  but  few  students.  We  must 
meet  the  world's  needs  with  technically  trained  men. 

The  field  of  applied  science  offers  an  unequalled  oppor- 
tunity for  young  men  fitted  by  nature  to  embrace  it. 

Men  at  the  head  of  our  Government  realize  that  the  great 
need  for  technically  trained  men  is  becoming  even  greater. 
Read  their  actual  words.  Let  them  point  out  your  duty. 
The  need  is  acute. 
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learned  Ihc  lessons  iictetsao'  to 
enable  th'^ni  qaicklv  and  rapidly  to 
play  a  pari  in  lh.it  great  reconslnie- 
lion  enterprise." 

General  Wrn.  ,V.  Blac!:. 

Chief  of  Encir.ecr!..  U.  S.  A'ny 
"This  cataclysm  of  -.vnr  n:i:5t  not  be 
nilowed  to  disorcani^'-  o-jr  structure 
for  all  lim=.  and  one  ol  the  thint-s  we 
will  need  after  the  war.  Just  as  Tie 
have  needed  it  befofe  the  waf,  just  s'" 
we  are  ne'dini:  it  today. -will  be 
trained  younc  rren  to  tal:e  the  place 
of  the  older  who  ^o  oot." 

Major-General  Leonard  U'jiid 
"Boys  should  remember  that  they 
are  now  ser\  inu  in  tro  best  possible 
way  by  preparing  themielvfrs  to  serve 
more  efficiently  wli  ?n  lh,c  lime  come* 
.  .  .  It  is  a  great  miitake  for  partly 
fducated  yojne  boys  to  rush  to  the 
colors  now.  We  do.i't  need  them.  |i 
is  very  tmporlsnf  th^y  should  tinisii 
tbeirecjucation." 

Cohnel  S.  E.   flU'wr,. 

Supl.  West  Point  Military  Aiademy 
"Only  the  most  urgent  conditions 
should  withdi-awany  boy  frovi  school. 
In  justice  to  ilie  Government  as  welt 
as  to  themselves  they  should  finish 
their  courses." 
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:hnic  Institute 


266 


ENGINEERING    AND     CONTRACTING 


Vol.  48,  No.  14. 


The  "Unit  Cost  Plus  a  Fee"  Con- 
tract 

We  outlined  m  our  last  Roads  and  Streets  Monthly 
issue,  Sept.  5,  a  novel  form  of  contract  that  is  now 
being  used  on  some  of  the  state  highway  jobs  in 
Massachusetts.  The  contractor  is  paid  the  actual  cost 
of  the  work  plus  an  agreed  price  per  unit  of  work 
done,  this  price  being  the  contractor's  fee.  The  fee 
covers  the  contractor's  services  and  the  use  of  small 
tools,  a  rental  price  being  paid  for  other  equipment.  % 

On  one  contract  the  contractor's  fee  for  earth  e.x- 
cavation  was  6  ct.  per  cu.  yd.,  and  12  ct.  per  ton  for 
broken  stone.  '  This  would  indicate  a  fee  approxi- 
mating 10  per  cent  of  the  cost  of  the  work. 

For  certain  classes  of  work  this  form  of  fee  con- 
tract has  advantages  over  the  "cost  plus  a  fixed  sum" 
contract.  For  one  thing,  it  permits  any  desired  ex- 
tension or  curtailment  of  the  work. 


Emergency  Road  Improvement  to 
Relieve  Railway  Congestion 

Manufacturers  have  repeatedly  been  forced  to 
transport  materials  and  products  long  distances  over 
bad  roads  because  of  railway  congestion.  In  order  to 
relieve  this  condition  a  meeting  was  recently  held 
in  Detroit  to  discuss  what  may  be  called  emergenc.; 
road  improvement,  with  a  view  to  facilitating  the  use 
of  motor  trucks. 

Representatives  of  the  Office  of  Public  Roads  and 
of  six  state  highway  commissions.  Captain  Galbraith, 
William  Inglis  and  R.  C.  Hargreaves  discussed  the 
transportation  of  products  by  motor  trucks  at  in- 
dustrial centers  and  port  terminals.  As  an  object 
lesson  in  unpreparedness  a  very  bad  9-mile  stretch 
of  the  Detroit-Toledo  road  was  mentioned.  In  reply 
to  a  request  the  governor  of  Michigan  wired  that  he 
would  take  steps  to  put  this  piece  of  road  in  first 
class  condition  as  soon  as  possible. 

In  and  near  other  industrial  centers  there  are  many 
streets  and  roads  that  should  be  improved  without 
delay;  in  fact,  much  of  this  work  should  be  classed 
with  emergency  construction  rendered  necessary  by 
war  conditions. 


Steel  Prices  Cut  in  Two 

An  agi-eement  between  the  War  Industrial  Board 
and  the  steel  men  has  resulted  in  cutting  steel  prices 
in  two.  The  following  are  to  be  the  prices  until  Jan. 
1,  1918,  at  Pittsburgh  and  Chicago: 

Price,  Reduction, 

cts.  per  cent. 

Bars     2.P0  47.3 

Shapes    3.O1)  50.0 

Plates     3.25  70.5 

The  price  of  pig  iron  has  been  lowered  to  $33  per 
gross  ton,  a  reduction  of  43  per  cent  below  the  recent 
price. 

The  War  Industries  Board  is  to  supervise  the  dis- 
tribution of  the  output  of  the  steel  mills,  and  will, 
of  course,  give  precedence  to  government  require- 
ments and  war  order.  The  mill  owners  have  agreed 
to  make  every  effort  to  meet  the  extraordinary  de- 
mand for  their  products. 


A  road  building  regiment  is  now  being  recruited  for 
service  in  France.  It  will  be  composed  of  experienced 
road  builders,  laborers,  quarrymen  and  foremen  and 
engineers. 


Causes  of  Failure  of  Highway 
Contractors 

Interesting  information  on  the  causes  of  failure  of 
contractors  engaging  in  State  highway  construction 
was  given  by  Mr.  Walter  C.  Howe,  Division  Engineer 
of  the  State  Highway  Commission  of  California,  in 
a  recent  address  before  the  San  Francisco  Associa- 
tion of  Members  of  the  American  Society  of  Civil 
Engineers. 

At  the  beginning  of  the  State  highway  work  in 
California,  stated  Mr.  Howe,  contractors  of  all  types 
and  classes  rushed  into  the  field.  Many  mushroom 
firms  lacking  both  experience  and  financial  backing,^ 
bid  for  the  work,  and,  in  consequence,  the  earlier 
,  contracts  were  a  source  of  considerable  trial  and 
tribulation  to  the  engineers  of  the  Commission.  As 
was  to  be  expected,  a  large  percentage  of  these  con- 
tractors failed,  leaving  many  outstanding  unpaid 
obligations.  The  general  basis  on  which  contracts 
were  drawn,  and  the  obligations  assumed  by  the  con- 
tractor, were  similar  to  the  general  requirements  on 
all  first-class  engineering  works,  and  as  every  clause 
was  set  down  in  the  specifications  contractors  were, 
or  should  have  been  fully  cognizant  of  the  require- 
ments before  placing  bids. 

The  following  concrete  examples  of  the  cause  of 
failures  were  cited  by  Mr.  Howe: 

On  a  certain  mountain  grading  job  on  the  Coast 
Route,  eight  of  the  contracting  firms  bidding  on  the 
work  submitted  bids  below  the  engineers'  estimate. 
For  argument  it  might  be  said  that  perhaps  the  en- 
gineers were  in  error  and  their  estimates  too  high. 
As  a  matter  of  fact,  and  in  the  light  of  subsequent 
events,  the  engineers'  estimates  were  very  conserva- 
tive. The  estimate  on  this  grade  was  made  up  after 
a  careful  and  thorough  study  of  the  country  and  con- 
ditions, and  it  is  to  be  presumed  that  an  estimate 
made  under  such  conditions  would  more  nearly  ap- 
proximate the  final  cost  of  the  work,  than  would  an 
estimate  made  by  a  contractor  after  making  only  one 
casual  trip  over  the  line.  Yet  many  of  the  bids  sub- 
mitted by  the  contractors  were  made  up  after  a  very 
hurried  trip  over  the  mountain  with  only  a  few  hours' 
study.  The  successful  bidder  underbid  the  engi- 
neers' estimate  some  $21,000  on  a  $70,000  job,  and  al- 
though given  opportunity  by  the  Commission  to  with- 
draw his  bid,  he  insisted  upon  the  award  of  contract, 
filed  necessary  surety  bonds  and  proceeded  with  the 
work.  In  addition  to  this  handicap,  the  contractor 
had  never  before  attempted  a  piece  of  formidable 
mountain  grading  work,  his  efforts  having  been  di- 
rected particularly  along  the  lines  of  minor  paving 
jobs.  Of  course,  failure  stared  this  contractor  in 
the  face  from  the  very  outset,  and  the  final  outcome 
was  disastrous,  the  Commission  finishing  the  work 
with  a  day  labor  organization. 

A  second  failure  of  some  importance  occurred 
through  lack  of  foresight  on  the  part  of  contractors 
to  investigate  the  country  in  which  the  contract  lay 
sufficiently  in  advance  of  their  bid,  to  insure  a  proper 
and  adequate  supply  of  coarse  and  fine  aggregate. 
In  consequence  they  were  compelled  to  haul  mate- 
rials for  long  distances  and  were  subjected  to  vexa- 
tious delays  in  railroad  transit. 

On  a  concrete  highway  only  those  contractors  who 
keep  their  materials  of  construction  moving  on  sched- 
ule, their  pumps  and  water  line  in  first-class  operat- 
ing order,  their  concrete  mixer  and  mixer  crews  work- 
ing full  time  for  5  or  6  days  in  the  week,  can  hope- 
to   complete   their  contract  at   a   profit. 
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The  firm  in  question  was  unable  to  do  this.  The 
concrete  mixer  crews  were  demoralized,  the  mixer 
was  shut  down  two-thirds  of  the  time,  and  the  re- 
sult was  inefficiency,  chaos  and  financial  loss. 

The  rank  and  file  of  an  organization  make  for  its 
success  or  failure,  yet  inexperienced  superintendents 
or  foremen  with  little  or  no  flexibility  of  judgment, 
are  often  employed  by  contractors.  For  example,  ont 
superintendent  on  a  contract  which  entailed  hauling 
25,000  to  30,000  tons  of  material,  maintained  an  or- 
ganization of  several  worn-out  motor  trucks  and  his 
hauling  cost,  starting  at  45  ct.  per  ton  mile,  grad- 
ually increased  during  the  progress  of  the  work. 
When  an  attempt  was  made  to  show  this  superintend- 
ent the  extent  of  his  loss,  he  airily  dismissed  the  sub- 
ject, resented  the  friendly  criticism  and  continued 
to  use  the  trucks. 

To  lay  concrete  economically,  and  that  means  with 
considerable  speed,  there  is  every  need  for  an  ex- 
perienced crew  of  "huskies."  A  crew  of  men  trained 
in  this  work  and  physically  strong  at  high  wages,  viz. 
$3  to  $3.25  per  day,  can  lay  concrete  at  a  cheaper 
cost  than  untrained  and  inexperienced  men  at  the 
low  wage  of  $2.25'  per  day.  This  has  been  demon- 
strated on  the  State  work  time  and  time  again,  and 
yet  many  of  the  contractors  continue  to  organize  their 
concrete  paving  crews  from  hobo  labor  drifting  by. 

In  general  it  may  be  said  that  the  experienced  old 
line  contractors  with  their  skilled  working  organiza- 
tions and  complete  grading  and  paving  outfits,  sel- 
dom submit  other  than  conservative  bids.  It  is  true 
that  these  experienced  firms  have  sometimes  suffered 
losses  on  highway  work,  but  there  have  been  few,  if 
iiny,  failures.  It  is  to  be  expected  that  the  contract- 
ing firm  owning  its  own  steam  rollers,  concrete  mix- 
ers, pumps,  engines  and  water  lines,  its  dump  wagons, 
scrapers  and  graders  and  its  stable  and  commissary 
outfits,  is  in  a  better  position  to  complete  a  job  at  a 
profit,  than  the  contractor  who  attempts  to  rent  all 
cf  his  outfit  and  build  up  a  grading  and  paving  or- 
ganization in  a  week. 

As  an  example  of  how  some  contractors  made  a 
l.rofit  even  under  a  close  bid,  Mr.  Howe  cited  the  fol- 
lowing: 

In  October,  1914,  a  contract  was  let  by  the  State 
for  grading  the  Cuesta  Grade  in  San  Luis  Obispo 
County.  The  contractors'  bid  closely  approximated 
the  engineer's  estimate.  The  successful  bidder  was 
ii  contractor  skilled  in  heavy  grading  work.  As  the 
contract  was  let  very  late  in  the  year,  the  engineer 
was  dubious  of  the  successful  prosecution  of  the  con- 
tract at  a  profit.  Visions  of  steam  shovels,  wheelers, 
fresnos  and  stock  stuck  in  the  mud  or  tied  up  by 
winter  rains  and  slides  were  uppermost  in  the  minds 
•cf  those  who  knew  the  country.  This  contractor, 
liowever,  proved  himself  a  man  of  sound  judgment, 
fully  able  to  cope  with  a  heavy  grading  job  in  the 
■dead  of  winter.  He  shipped  a  small  outfit  to  the  work 
i;nd  a  few  head  of  stock.  He  disappeared  for  a  few 
weeks  ostensibly  to  ship  a  steam  shovel.  Instead  he 
returned  with  a  large  number  of  Swede,  Slavonian 
i'.nd  Greek  station  men,  who  sub-contracted  to  do  pick 
£nd  shovel  work  between  certain  stations.  These 
station  gangs  worked  practically  through  the  entire 
winter  despite  the  fact  that  the  seasonal  rainfall 
was  32  in.  The  work  was  well  and  satisfactorily  per- 
formed. The  good  judgment  of  the  contractor  in  sub- 
stituting station  men  in  winter  for  steam  shovels  and 
stock,  also  his  ability  to  drive  a  shrewd  bargain  with 
these  station  men,  resulted  in  the  work  being  com- 
pleted within  the  time  limit  and  at  a  snug  little  profit. 


Roller  Method  of  Finishing  Con- 
crete Roads  as  Used  by  Ver- 
milion County,  Illinois 

By  P.  C.  AlcARDLE, 

Superintending  Engineer,  Bond  Issue   Roads  of  \'ermilion 
County,    Illinois. 

The  elimination  of  the  excessive  water  which  it  is 
necessary  to  use  in  mixing  and  placing  concrete 
roads,  and  the  compacting  of  the  surface,  have 
claimed  the  attention  of  all  engaged  in  this  class  of 
construction,  especially  engineers.  Henry  W.  Bowlby, 
former  State  Engineer,  State  of  Oregon,  invented, 
patented  and  successfully  used  a  roller  of  the  con- 
tour of  the  road  operated  by  a  gas  engine  running 
on  the  side  forms.  Captain  J.  J.  Gaillard,  City  Engineer 
Macon,  Ga.,  uses  a  small  hand  roller  of  dimensions 
unknown  to  the  writer.  City  Engineer  Johnston  of 
Sioux  City,  la.,  uses  dry  sand  cement  mortar  worked 
in  by  hand  floats.  These  devices  are  employed  for  the 
purpose  of  removing  excess  water  from  the  concrete 
and  compacting  the  surface. 

Repeated  laboratory  tests  made  by  the  writer  and 
others  have  proved  beyond  question  that  excess  water 
weakens  concrete,  particularly  in  the  early  periods, 


Finishing    Rollers  for  Concrete   Roads,   Vermilion   County,    Illinois. 

in  both  tensile  and  compressive  strength  in  propor- 
tion to  the  excess  of  water  used.  There  can  be  little 
doubt  that  excessive  water  leaves  concrete  porous 
and  tends  to  produce,  excessive  shrinkage  in  warm 
cr  windy  weather.  The  matter  was  the  frequent  sub- 
ject of  discussion  between  Mr.  A.  Kaufman  of  the 
Portland  Cement  Association  and  the  writer.  Both 
sought  a  remedy,  if  possible  an  inexpensive  one,  that 
could  be  tried  out  on  our  county  bond  roads,  contracts 
for  which  had  been  let  and  for  which  there  were  no 
further  funds  available.  He  agreed  to  furnish  a 
roller  if  I  would  agree  to  find  a  job  on  which  to  ex- 
periment with  it.  The  first  roller  9  in.  in  diameter 
and  4  ft.  long,  made  of  No.  18  galvanized  iron  with 
heads  of  the  same  material  and  weighing  46  lb.,  was 
placed  on  Division  5  of  our  County  Bond  Roads.  The 
contractor,  Prendergast-Clark  Construction  Co., 
rgreed  to  give  it  a  trial.  So  impressed  was  Mr.  Pren- 
c'ergast  by  the  work  done  by  this  roller  that  he 
wouldn't  be  without  one.  This  roller  has  been  in  use 
some  two  months  and  has  surpassed  our  expectations 
leading  to  our  determination  to  further  experiment 
with  sizes  and  weights  till  an  ideal  roller  is  pro- 
duced. 

Four  additional  rollers  made  of  No.  20  galvanized 
iron  have  since  been  placed.     The  Granite  City  Lime 
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&  Cement  Co.  has  placed  one  on  each  of  its  Divisions 
2  and  7.  This  roller  is  12  in.  in  diameter,  4  ft.  long, 
with  wood  heads,  and  weighs  56  lb.  P.  M.  Johnston 
&.  Co.  has  one  on  Division  No.  8.  This  is  10  in.  in 
diameter,  5  ft.  long,  weighing  54  lb.  John  F.  Mc- 
Mahon  has  a  roller  on  Division  6.  This  is  12  in.  in 
i-iameter,  5  ft.  long  and  weighs  66  lb.  It  is  difficult 
to  determine  which  of  these  rollers  is  the  best.  All 
show  splendid  results,  but  the  roller  12  in.  in  diam- 
eter and  4  ft.  long  seems  to  be  most  convenient.  The 
larger  sizes  are  clumsy  and  unwieldy.  One  man  can 
readily  handle  the  smaller  size.     . 

The  immediate  effect  of  the  use  of  these  rollers  is  a 
marked  lessening  of  the  water  content,  a  forcing 
down  of  the  coarse  aggregate  (particularly  as  ap- 
plied to  crushed  stone)  leaving  a  smooth  dense  sur- 
face which  is  easy  to  finish.  These  rollers  are  pop- 
ular with  engineers,  contractors  and  workmen.  All 
seem  to  take  a  particular  interest  in  seeing  them 
work  successfully.  The  rollers  have  prevented  almost 
entirely  hair  checking  and  wind  cracks  in  hot  and 
windy  weather.  This  latter  effect  alone  would  jus- 
tify their  use  as  all  familiar  with  this  class  of  work 
can  attest.  The  most  valuable  effect,  however,  is  that 
it  lessens  the  cost  of  finishing  and  makes  a  better 
finish  than  either  the  hand  float  or  belt. 
Use  of  Roller. 

The  method  used  here  is  as  follows:  Immediately 
after  the  template  is  see-sawed  across  the  forms  the 
roller  fitted  with  a  10-ft.  handle  (it  may  be  longer 
for  wider  roads)  is  pushed  slowly  across  the  con- 
crete and  then  is  pulled  back  again  over  the  same 
urea.  The  roller  is  lifted  forward  the  length  of  it- 
self, and  the  rolling  continued  until  the  template  i.s 
reached.  A  stream  of  water  free  of  cement  and  ag- 
gregate flows  in  a  wide  stream  ahead  of  it  and  over 
the  side  forms  as  the  roller  moves  in  each  direction. 
After  the  roller  is  used  the  first  time  a  long  handle 
float  is  drawn  across  the  pavement,  smoothing  the 
surface.  Water  rapidly  collects  on  this  surface.  The 
use  of  the  roller  a  second  time  disposes  of  this  water 
by  pushing  it  over  the  side  as  the  roller  moves  back 
and  forth.  If  a  great  excess  of  water  happens  to 
be  used,  rolling  must  be  continued  till  the  excess  dis- 
appears. Concrete  roads  caught  in  the  rain  may  be 
refinished  readily  by  using  the  roller.  After  the  sec- 
ond rolling  the  concrete  is  ready  for  final  finish  with 
long  handle  float.  , 

An  accurate  record  of  the  stations  on  the  various 
divisions  where  the  rollers  are  in  use  is  on  file  for 
future  observation  of  the  roads  under  traffic. 


Types  of  Lamps  Used  in  Park    Lighting 

Some  interesting  figures  on  the  types  of  lamps  used 
for  lighting  parks  are  contained  in  a  recently  issued 
bulletin  of  the  U.  S.  Census  Bureau.  The  following 
statement  shows  the  per  cent  relation  of  the  number  oi 
lamps  of  each  type : 

, Per  cent  of  total  number. < 

Park  Street  Street 

T\pe    of    lamp.                                  lighting,  lighting,  lighting, 

1916.  1909.  1907. 

Electric  arc  8.5  34.5  34.2 

Incandescent  electric   SO.l  lfi.3  I0.fi 

Oas    6.2  41.5  45'.1 

AH  other  5.3  7.7  10.1 

The  percentages  for  park  lighting  are  based  on  re- 
turns from  213  cities  of  over  30,000  inhabitants  each. 
The  comparative  figures  on  street  lighting  are  based 
on  statistics  for  1907  and  1909  obtained  from  158  cit- 
ies, thev  having  over  30,000  population  each. 

(7 


Non- Assessable  Property  and 
Street  Improvements 

A  well  deserved  criticism  of  the  practice  of  not  as- 
sessing churches,  schools,  etc.,  for  street  improve- 
ments was  given  by  Mr.  M.  B.  Cowden,  City  Engineer 
of  Harrisburg,  Pa.,  in  a  paper  presented  at  the  recent 
convention  of  officials  of  Pennsylvania  Cities  of  the 
Third  Class.    An  abstract  of  the  paper  follows : 

We  have  paid  out  for  churches  $42,000,  for  schools 
$29,000,  and  for  other  organizations  chartered  "not 
for  profit"  $29,000,  making  a  total  of  $100,000.  To  my 
mind  all  except  the  smallest  percentage  of  this  is 
wrongfully  taken  from  our  treasury.  Tell  me  any 
good  reason  why  churches  with  rich  congregations 
.should  be  helped  by  the  poor  and  rich  in  no  way  con- 
nected with  them.  Other  congregations  whose  mem- 
bers are  not  so  well  supplied  with  this  world's  goods 
are  necessarily  dependent  upon  the  charity  of  those 
able  to  give,  and  this  should  be  cheerfully  given  and 
not  taken  from  those  unable  or  unwilling  to  pay.  I 
could  cite  you  many  cases  of  churches  in  this  city, 
fully  able  to  meet  all  their  obligations,  for  whom  the 
taxpayers  paid  the  assessments  for  street  paving  and 
curbing. 

An  example  of  how  this  non-assessable  business 
works  is  the  following:  The  taxpayers  of  Harrisburg 
paid  out  for  the  paving  and  curbing  around  the  high- 
ways surrounding  the  Harrisburg  Cemetery  Associa- 
tion over  $9,000.  It  is  true  that  this  corporation  is 
one  "not  for  profit";  that  is,  no  dividends  are,  or  can 
be,  declared  by  it.  Notwithstanding  this,  it  has  plenty 
of  money  derived  from  the  sale  of  lots  and  from  other 
."^•ources  to  maintain  its  property  in  the  very  best  man- 
ner. In  fact,  considerable  money  must  have  been, 
and  is  being  expended  very  efficiently  to  procure  the 
pleasing  landscape  effect  even  in  this  City  of  the 
Dead.  Why  should  persons,  in  no  way  connected  with 
the  lot  owners  of  this  cemetery,  be  compelled  to  pay 
for  their  paving  assessments?  It  is  true  that  in 
small  villages  where  the  interests  of  the  property 
owners  are  almost  identical  no  hardship  is  found  in 
paying  suc*h  obligations,  but  that  is  far  from  being 
the  truth  in  cities  of  the  third  class. 

With  the  organizations  for  charity  solely  there 
might  be  some  good  argument  advanced  for  the  city's 
help,  but  as  these  depend  upon  the  money  of  those 
able  and  willing  to  give,  for  their  support,  it  would 
seem  that  the  additional  comparatively  small  amount 
needed  for  paving  might  be  raised  in  the  same  way. 
This  would  obviate  the  trouble  experienced  of  de- 
ciding what  is  or  what  is  not  non-assessable,  as  all 
well  know  that  there  are  many  cases  which  are  ex- 
tremely close  and  at  times  have  to  be  decided  by  the 
courts. 

Surely  there  can  be  absolutely  no  good  reasons 
given  why  the  city  proper  should  pay  any  obligations 
whatever  of  the  shool  boards.  They  have  their  own 
organization,  raise  their  own  money,  fix  their  own 
tax  rate  and  pay  all  other  obligations;  then  why  not 
pay  their  assessments  for  city  improvements. 


According  to  the  report  of  the  assessor  for  Los 
Angeles  County,  California,  there  were  in  the  county 
in  1900  6  automobiles  and  47,000  horses.  The  report 
for  1910  showed  11,000  motor  vehicles  and  31,000 
horses.  Recent  figures  from  the  assessor's  office  show 
80,000  motor  vehicles  and  20.000  horses  in  the  county. 
0) 
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The  4  in.   Concrete  Roads  of  California  State  Highway  Commission 


IZTonRc 


Taking  out  the  Subgrade  with  Wooden 
D'"art  Operotinft    on    Heoders 


Subgrade  Ready  r'or  Rollin 


ing, Laying  and  Tamping  4"  Base 


Dike  Method  of  Curing  Concrete 


Completed  Pavement  not  yet  Opened  to  Traffic 


Completed  Road  Open  to  Traffic 


When  the  State  Highway  Commission  of  California 
began  actual  construction  in  July,  1912,  on  the  system 
of  state  highways,  certain  types  of  the  pavement 
adopted  for  the  work,  were  somewhat  radical  de- 
partures from  lines  of  standard  practice.  Dire  pre- 
dictions of  failure  were  freely  made  for  the  pavement 
with  a  5  in.  concrete  base  and  a  1  in.  to  1' 2  in.  stand- 
ard asphalt  wearing  surface.  But  the  type  that  came 
in  for  the  most  criticism  was  the  one  consisting  of  a 
1  to  7^2  concrete  base,  4  in.  in  thickness,  with  a  thin 
bituminous  top  or  wearing  surface. 

The  pavement  with  the  1-in.  asphalt  wearing  sur- 
face has  proved  a  success.  The  1-in.  surface  did  not 
"break  up  like  thin  ice  as  soon  as  subjected  to  travel." 
The  difficulty  of  binding  the  surface  to  the  concrete 
without  the  use  of  a  binder  course  was  solved  by  the 
simple  expedient  of  using  a  paint  coat.  This  paint 
coat  consisted  of  approximately  1  pai't,  by  volume,  of 
asphalt  cement  heated  to  a  temperature  of  between 
250  and  300°  F.,  to  2  parts,  by  volume,  of  engine  dis- 
tillate, the  whole'  in  a  liquid  form  being  poured  over 
the  concrete  base  and  worked  out  with  hand  brooms. 
So  good  a  bond  was  obtained  the  asphalt  wearing  sur- 
face in  most  cases  could  not  be  separated  from  the 
concrete  Vjase  without  first  rupturing  the  concrete. 


As  to  the  4-in.  pavement,  it  is  sufficient  to  say  that 
1000  miles  of  this  type  have  been  laid  by  the  State 
Highway  Commission  and  that  it  has  been  or  is  being 
adopted  throughout  the  state  by  many  counties  and 
also  is  being  laid  on  many  city  streets.  The  failures 
of  this  type  as  laid  by  the  state,  according  to  an  ad- 
dress by  Mr.  Walter  C.  Howe,  Division  Engineer  of 
the  State  Highway  Commission,  delivered  before  the 
San  Francisco  Association  of  Members  of  the  Amer- 
ican Society  of  Civil  Engineers,  have  not  been  any 
greater,  if  indeed  as  great,  as  the  number  of  failures 
of  pavements  laid  by  municipal  authorities  under  the 
more  expensive  and  modern  specifications  in  many  of 
the  large  and  small  cities  of  the  Pacific  Coast. 

Of  the  few  actual  failures  of  State  Highways  to 
date  the  principal  causes  are  enumerated  by  Mr. 
Home  as  follows: 

1 — The  use  of  unscreened  gravel  in  some  of  the 
earlier  contracts. 

2 — Improper  curing  of  concrete  base,  since  cor- 
lected  by  adopting  the  check  method. 

3 — Opening  of  concrete  pavement  to  traffic  too  soon. 

4 — Improper  sub-grade  insufficiently  compacted. 

5 — Shallow  sub-grade  causing  installation  of  pave- 
ment less  than  4  in.  thick. 
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Cost  Keeping   Records  for  Road 

Construction  and  Maintenance 

in  the  State  of  Washington 

A  comprehensive  system  for  recording  cost  data  on 
the  construction  and  maintenance  of  roads  in  the 
state  of  Washington  has  been  prepared  by  a  joint 
committee  consisting  of  George  F.  Cotterill,  State 
Highway  Engineer  of  Washington,  Dean  A.  H.  Fuller, 
Dr?  H.  H.  Berison  and  Major  Wm.  C.  Allison  of  Wash- 
ington University,  T.  Ives  Dodge,  County  Commis- 
sioner of  Thurston  County,  W.  C.  Bickford,  County 
Engineer  of  Snohomish  County  and  David  H.  White, 
County  Engineer  of  Pierce  County.  In  these  reports 
the  joint  committee  divides  all  roads  into  four 
classes:  Class  A  being  improved  roads  with  hard 
surface  pavement;  Class  B,  improved  roads  with 
gravel,  broken  stone,  macadam  or  plank  .  surface ; 
Class  C,  improved  earth  roads;  Class  D,  unimproved 
traveled  roads.  Two  forms  of  reports  are  required 
for  each  of  these  types  of  roads:  One  for  mainte- 
nance to  be  made  on  a  yellow  colored  blank;  and  the 
other  for  construction  summary  on  a  white  blank.  The 
forms  prepared  by  the  committee  are  reproduced 
below. 

The  importance  of  keeping  such  cost  records  was 
outlined  in  the  report  of  the  committee  presented  last 
month  by  Mr.  David  H.  White  at  the  convention  of  the 
county  engineers  of  Washington.  The  matter  in  this 
article  is  taken  from  Mr.  White's  paper : 

Complete  and  accurate  cost  data  and  records  in  the 
construction  of  roads  are  very  essential,  as  by  such 
records,  after  being  kept  for  a  number  of  years,  we 
will  be  enabled  to  determine,  beyond  the  shadow  of 
a  doubt,  as  to  the  best  type  of  pavement,  the  most 
economical  and  satisfactory,  and  can  also  determine 
the  best  method  of  construction  for  hard  surface 
pavements,  or  for  gravel,  earth,  broken  stone, 
macadam,  or  other  types  of  roads. 

These  cost  keeping  records  should  be  a'  part  of  our 
office  records  and  balance  with  the  gross  expenditures. 
Cost  records  will  be  a  check  which  will  show  the 
comparative  accomplishment  of  the  different  coun- 
ties, or  different  foremen  or  contractors  in  the  same 
county,  and  result  in  greater  efficiency  and  lower  unit 

C03tS. 

We  do  not  know  how  long  roads  will  last  under  the 
different  conditions  of  traffic,  nor  what  is  the  best 
paving  material  in  all  cases.  If  accurate  costs  are 
kept  on  each  particular  type  of  paving,  the  methods 
used  in  its  construction,  the  amount  and  character  of 
traffic  going  over  it,  and  the  cost  of  maintenance,  we 
will  be  enabled  to  determine  after  a  number  of  years 
to  a  great  nicety  what  is  the  best  type  of  pavement, 
i.nd  will  have  data  giving  invaluable  results. 

The  County  Engineer  should  analyze  expenditures 
in  road  construction,  with  a  view  to  improving 
foremanship,  the  class  of  laborers,  plant  equipment 
and  material,  and  have  the  means  of  accurately  esti- 
mating the  probable  cost  of  any  particular  work.  A 
friendly  rivalry  would  then  take  place  between  man- 
agers, superintendents  and  workmen,  and  each  man 
would  be  impelled  to  do  his  best,  realizing  that  there- 
by his  merit  would  be  known  and  better  results  re- 
ceived. More  co-operation  between  contractors  and 
engineers  in  the  matter  of  cost  data  is  desirable.  Many 
contractors  are  averse  to  giving  out  their  cost  data 
to  the  County  Engineer.   In  order  to  get  these  data  in 


CLASS  "A" 


MAINTENANCE  REPORT 


Inipioved  roads  with  hard  surface  pavement. 

IN.  B. — For  monthly  report  by  Supervisor  on  each  road.) 

For   month   of 19.... 

.  DESIGNATION: 

Kan^'e    of    road 

Beginning    

End    

.    MAINTENANCE    AND    RENEWALS: 

Labor.        Material. 

(a)  Patrol    

(b)  Shoulders  and  drainag;e 

(c)  Repair     of     pavement,      craciis, 

patching,   etc 

(d)  Top   treatment    

(e)  Top  renewal 

(f )  Structures    (make    separate 

stateme-nt  for  each  bridge) 

(g)  Any  other  items 


3.  TRAFFIC  CENSUS: 
Average  number  of  vehicles  daily — 

(a)   Horse    drawn    vehicles 

ibi  Automobiles   

( c )  A  uto    trucks 

(d)  Extraordinary    lo:-'.ds 

Supervisors  will  immediately  report  to  County  Engineer  any 

vehicles  damaging  road. 


Cliecked  and   entered 


District  No. 


Supervisor. 


County  Engineer. 


Fig.    1 — Form   for    Maintenance    Report  for   Improved    Roads   With 
Hard  Surface  Pavement. 


CLASS  "A" 


CONSTRUCTION  SUMMARY 


Improved  roads  with  hard  surface  pavement. 

I  X.  B- — Tills  form  to  bo  prepared  by  County  Engineer.) 

1.  DESIGNATION: 

Xante  o  c  road 

Beginning    

End    

2.  DESCRIPTION: 

Length    mi.         V\'idth    RAV ft. 

Width  grade  in  cuts ft.         In    embankments ft. 

Maximum  grade %         Ma.x.   curvature 

Original   grading   improvement   completed 19 

Original    surfacing    improvement    completed 19.... 

Hard   surface   improvement  completed ,  19.... 

Kind   of  paving    

Width  of  paving ft.        Sq.  yds.  paying. 


Superelevation  ft. 

Thickness    Mix 

Thickness    Mix 

Surface    

Spacing    


Quarry  crushed  rock. 

Pit.   gravel 

Brand   asphalt 


Extra  width  at  curves.. ft. 

Kind  of  base 

Kind   of  top 

Shoulders— Width ft. 

Expansion  joints,  kind 

Curbs    

Brand    of    cement 

Pit.    sand     

Brand   brick 

For  details  see  File  No.    . 
Construction    of   highway   prior   to    hard   surface    improve- 
ment     

COST  OF   HARD  SURFACE  PAVEMENT   IMPROVEMENT: 

(a)  Right  of  way  or  damage  adjustment 

(b)  Clearing  and  grubbing 

(c)  Grading,   subgrading   and   shoulders 

( d)  Drainage     

(e)  Structures  (make  separate  statement  for  each  bridge) 


(f)  Cost  of  base 

Cost  of  top 

Total 

(g)  Cost    of    improven?ent    complete 

Cost  of  improvement  per  sq,  yd 

4.    BASIC    PRICES    OF    MATERIAL    AND     LABOR    AT    CON- 
STRUCTION   PERIOD: 

Transportation 
to  job. 

Gravel  per  cu.  yd.  at  pit 

Sand  per  cu.  yd.   at  pit 

Crushed  rock  per  cu.  yd.  at  pit 

Cement,  f.  o.  b,  factory,  bbl 

-Asphalt,    f.   o.   b.  factory 

Brick   per   M 

Creosoted  wood  block  per  sq.  yd.  at     

Rough    lumber   per    M 

Other  items   


Common  labor,   per  day 

Team    and    wagon,    per    day 

Auto  truck    ton,   per  day. 


Fig.    2 — Form    for    Construction    Summary    for    Improved 
With   Hard  Surface  Pavement. 
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MAINTENANCE   RECORD 


^' ravel, 


[lacadam 


CLASS   "B" 

Improved    roads 
i:liiuk  suilace. 

(X.  B. — For  monthly  report  by  Supervisor  of  each  road.) 

iieport    for .' li*.  . 

1.   DESIGNATION: 

Name    of    road      

Beginning 


2.    MAINTENANCE    AND    RENEWALS: 


(a)  Patrol    

(b)  Dragging  or  rolling 

(c)  Cleaning    ditches,     etc 

Cd;  Repair     of     structures      (make 

separate    statement    for    each 
bridge)    

(e)  Renewal    of    surface 

(f)  Other   items    


IMPROVEMENTS   (to  be  entered  by  County  En§ 

(a)  Right  of  way  or  damages 

Labor. 

(b)  Clearing  and  grubbing 

(c)  Grading     .' 

(d)  Drainage    

(e)  Structures     (give     separate 

statement   for   each   bridge) 

(f)  Surfacing   

(g)  Other  items  


.    ENGINEERING: 

( a>   Location    

(b)  ijffice     

(c)  Inspection    

.   TRAFFIC   CENSUS: 

A\'eTage   number  of  vehicles  daily — 

(n.)  Horse    drawn    vehicles 

( b)  Automobiles     

(c)  Auto    trucks    • 

(d)  Extraordinary    loads    

Supervisors  will  immediately  report  lo  County  Engineer  an 

chicles  damaging  roads 


Checked    and    entered 


District    No. 


Supervisor. 


orm   for    Maintenance   Record   for 
ravel,   Broken  Stone,   Macadam  or 


Improved    Road: 
Plank  Surface. 


CONSTRUCTION  SUMMARY 

en    slone,    macadam    or 


CLASS  "B" 

Improved    roads    with    gravel 
plank  surface. 

(N.  B. — This  form  to  be  prepared  by  County  Engineer.) 

1.  DESIGNATION: 

Name    of    road 

Beginning    

End    

2.  DESCRIPTION: 

Length    mi.         Width,   R/T\' ft. 

Width  grade  in  cuts ft.         In  embankments ft. 

Maximum    grade %        Max.    cuivature 

Original    improvement    completed 19.... 

Surfacing    completed     19 ...  . 

Character    of    surfacing 

Width   of  surfacing in.     Depth  of  surfacing ft. 

Quarry    for    crushed    rock 

Fit  lor  sand 

Pit    for   gravel 

3.  COST: 

(a)  Right  of  way  or  damages 

(b)  Clearing    and    grubbing 

(c)  Grading    

(d)  Drainage    

(e)  Structures  (make  separate  statement  for  each  bridge) 


(h>  Total  cost  at  beginning  of  maintenance  record. 


19. 


4.  PRICES    AT    CONSTRUCTION    PERIOD: 

Common  labor  per  day Team  and  wagon 

Transporta- 
tion to  Job. 

Gravel,  per  cu.  yd.  at  pit 

Crushed  rock.  cu.  yd.   at  quarry 

Lumber  per  M.  at  mill 

5.  ENGINEERING: 

(a)  Location     

(b)  Office     

fc)  Inspection    

General   condition   of  road 19.... 

At  beginning  of  maintenance  record 


|.    4 — Form    for    Construction    Summary    for    Improved    Roads 
With    Gravel,    Broken    Stone,    Macadam    or   Plank   Surface. 


Pierce  County,  we  require  the  following  clauses  to  be 
inserted  in  every  contract: 

A  certiiied  copy  of  the  contractor's  pay  roll  for  each  month 
must  be  filed  in  the  County  Engineer's  ofHce  not  later  than  the 
5th  day  of  the  following  month. 

The  bidder  to  whom  this  contract  is  awarded  will,  upon  its 
completion,  be  required  to  file  with  the  Board  of  County  Com- 
missioners a  sworn  statement,  accompanied  by  vouchers  showing 
the  cost  of  all  labor  and  matter  used,  and  the  net  profit  on 
the  job. 

The  Joint  Committee  on  Cost  Data  for  Construction 
and  Maintenance  of  Roads  has  spent  a  great  deal  of 
time  in  preparing  an  act  for  submission  to  the  legis- 
lature and  in  preparing  forms  for  records  of  con- 
struction and  cost  data  for  road  construction  and 
maintenance.     The  bill  as  prepared  by  this  commit- 


MAINTENANCE  REPORT 

each  road.) 


CLASS  "C" 

Improved  earth  roads. 

(N.    B. — For  monthly  report  by  Supervisor  on 
Report   for 

1.  DESIGNATION: 

Name    of    road 

Beginning    

End     

2.  MAINTENANCE  AND  RENEWALS: 

Labor 

(a)  Patiol    

(Ij)  Dragging    or    rolling 

(c)  Cleaning   ditches,   etc 

(d)  Repair    structures    (make    sep- 

arate     statement      tor      each 
bridge)    


IMPROVEMENTS  (to  be  entered  by  County  Engineer): 

(a)  Right  of  way  or  damages 

Labor.        Material. 

(h)  Clearing  and  grubbing 

ic)   Grading    

(d)  Drainage 

(e)  Structures     (give     separate 

statement  to  each  bridge) 


4.  ENGINEERING: 

<  a)   Location    

lb)  Office 

I'c)  Inspection    

5.  TRAFFIC   CENSUS: 

Avera.ae  number  of  vehicles  daily — 

(a)  Horse    drawn    vehicles 

(b)  Automobiles     

(c)  Auto    trucks 

(d)  Extraordinary  loads    

Superx'isors  will  immediately  report  to  County  Engineer  any 

vehicles  damaging  road. 


Checked    and    entered 


District    No. 


Supervisor. 


Cotmty  Engineer. 


(73) 


Fig.  5 — Form   For  Maintenance  Report  for  Improved   Earth   Roads. 

tee  was  modified  by  a  sub-committee  on  roads   and 
bridges  in  the  legislature  to  read  as  follows : 

Relating  to  a  system  of  cost  records  of  maintenance  and  re- 
pairs of  public  roads,  imposing  cert.ain  duties  tipon  the  state? 
highway  commissioner,  beard  of  county  commissioners,  county 
engineers  and  other  oiBcers  in  reference  thereto. 
BE  IT  ENACTED  BY  THE  LEGISLATURE  OF  THE  STATE 
OF  WASHINGTON:' 

Sec.  1.  For  the  purpose  of  providing  actual  and  comparative 
jnform.ation  of  the  costs  of  maintenance  and  repairs  of  the 
various  types  of  public  roads,  it  is  hereby  required  that  the 
state  highway  commissioner,  boards  of  county  commissioner?, 
county  engineers,  and  other  public  officers  charged  with  such 
work,  shall  keep  a  system  of  segregated  cost  reports  to  be  made 
at  least  once  each  month  by  the  supervisor  or  foreman  in  direct 
charge  of  any  such  road  maintenance  cr  repairs.  Such  reports 
as  to  state  highways  under  direct  maintenance  control  of  the 
state  highway  department  shall  be  made  to  the  state  highway 
commissioner  and  checked,  tabulated  and  recorded.  As  to  other 
roads,  such  reports  shall  be  made  in  each  county  to  the  board 
of  county  commissioners  and  transmitted  to  the  county  engineer 
for    checking,    tabulation    and    record    thereof.      The    county    en- 
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gineer  shall,  upon  cull  of  the  state  highway  commissioner  al 
any  lime,  and  at  least  annuall.\'.  compile  and  furnish  consolidated 
reports  from  the  road  maintenance  records  in  his  charge.  All 
such  records,  whether  in  the  office  of  the  state  highway  com- 
missioner, or  f^'  any  county  engineer,  shall  be  available  for 
reference  of  public  officials,  good  roads  associations,  the  press 
and  public  generally.  Eacii  annual  or  biennial  report  of  the 
state    highway    commissioner,    or    of    any    county    engineer,    shall 


CLASS  "C" 


CONSTRUCTION  SUMMARY 


Improved  earth  roads. 

I  X.  B — This  form  to  be  preparid  by  County  l-'.ngineer.) 

1.  DESIGNATION: 

Xame    of    road 

Beginning    

Knd    

2.  DESCRIPJION: 

Length    mL         "Width    R/W ft. 

\\ioth  gradi'  in  cuts ft.         In    embankment ft. 

JIaximum    grade %        Max.   curvature 

I  iriginal  improvement  completed 19. . . . 

-Vddilions   completed    19.... 

3.  COST: 

( a  J  laght  of  M'ay  or  damages 

(  b)  Clearing  and  grubbing 

(c)  Grading   

(d)  Drainage 

(e)  Structures  (m^ke  separate  statement  for  each  bridge) 


(h)   Total    cost    of    improvement    at    beginning    of    mainte 
nance  record   IP ... . 

4.  PRICES    AT    CONSTRUCTION    PERIOD; 

<_'iimnon    labor   pei"  day Team   and   wagon 

>;ou,s.'h   lumber  at  mill  per  M 

5.  ENGINEERING: 

I  .'i  I  Location     

I  b)  Office     

( c)  Inspection    

Ge:ieral   condition    at   beginning   of   maintenance    record: 


13. 


Fig.   6 — -Form   for  Construction   Summary   for   Improved    Earth 
Roads. 


CLASS  "D" 


MAINTENANCE  RECORD 


I'nimpioved  traveled  rrads. 

I  X.  B, — For  monthly  report  of  Supervi 

Report  for 

1.   DESIGNATION: 

-Name   of   road 


on  each  road. ) 


Beginning 

Knd    

2.    I^AINTENANCE   AND   RENEWALS; 

(a)  Patrol  

(b)  Dragging     

(c^  Cleaning    ditches,    etc 

i,d)  Repair  structures  (make  sep- 
arate statement  for  each 
bridge)    


3.   IMPROVEMENTS   (to  be  entered  by  County  Engineer); 

I  a  I    Right  of  way  or  damages 

Labor.        Material. 

I  b  I  Clearing  and  grubbing 

I  c  1  Grading    

i  d  t  Drainage     

( e.i  Structures    (make    separate 

statement  for  each  bridge) 


4.  ENGINEERING: 

(  a  >  Location    

c  b  1   Office 

( e)  Inspection    

5.  TRAFFIC  CENSUS: 

Average  daily  number  of  vehicle.s — 

i  a  I   Horse    drawn    vehicles 

<bi  Automobiles 

I  c)  Auto    trucks    

(d)  Extraordinary   loads    

Supervisors  will  immediately  report  to  County  Engineer  any 
vehicle  damaging  road. 


Checked  and   entered 


Countj"  Engineer. 


for   Maintenance    Record   tor 
Roads. 


Unimproved   Traveled 


include  a  tfbulated  summary  r:  th-;  actual  and  comparative  costs 
of  road  maintenance  and  i-eptiirs  of  the  various  types  of  roads 
imder  tht^ir  respective  jurisdictions,  compiled  from  the  reports 
received  from  the  supervisor  and  foreman  .as  hereinbefore  re- 
quired. The  provisions  of  this  act  shall  not  apply  to  roads  or 
.streets  within  the  lim.its  of  incorporated  cities,  except  as  to  such 
main  routes  therein  which  are  part  of  state  highways  or  county 
roads  and  maintained  as  such  under  state  or  oount>'  supervision. 


CLASS  "D" 


1.  DESIGNATION: 

Xame    of    road. 

Beginning    

Knd    

2.  DESCRIPTION: 

Length 


CONSTRUCTION  SUMMARY 


Width     B./XV ft. 


3.  COST: 

(a)  Total  cost  of  road  at  beginning    re-cord 

lb)   Right  of  way  cost  of  damages 

(c)   Cost    structure     (make    separate    statement    for    each 
bridge) 

4.  ENGINEERING: 

( a )   Location     

I  b:   Olfice 

5.  ENGINEERING: 

( a)  Location     

( b )  Office     

( c )  Inspection     

General    condition    of    road 19.... 

At    begi.nning    of    maintenance    record 


Fig.    8 — Form    for   Construction    Summary    for    Unimproved    Trav- 
eled  Roads. 

Tli^  hgislalive  authority  of  t.ii>'  city  or  town  may  provide  for 
similar  cost  reports  of  street  uutintenance  and  repairs,  applying 
within  its  jurisdiction. 

Sec,  2.  The  state  bureau  of  inspection  and  supervision  of 
public  offices  is  hereby  authoiized  and  directed  to  prepare  the 
necessary  forms  and  reports,  in  accordance  with  which  the;  costs 
of  maintenance  and  repairs  of  the  various  types  of  public  roads 
under  state  and  county  Jurisdiction  shall  be  secured,  reported, 
■becked  and  made  a  matter  of  puolic  record.  Such  records  shall 
inchule  a  summarized  construction  statement  of  cost  as  to  each 
road  at  ths  beginning  of  its  maintenance  record,  with  provision 
for  supplemental  reports  of  any  improvements  or  additions 
thereafter  made  as  distinguished  f-om  ordinary  maintenance  and 
rept.irs. 


Uniform   Plans  for  Earth  Road  Grading 
in    Missouri 

The  State  Highway  Department  of  Missouri  has 
sent  out  typical  plans  and  specifications  to  encourage 
a  uniform  system  of  grading  on  earth  roads  in  the 
state.  The  minimum  radius  of  curvature  permitted 
lor  rounding  right-angle  turns  on  state  roads  is  also 
given,  and  approved  methods  of  hard-surfacing  are 
suggested.  The  department  recommends  that  wher- 
ever possible  earth  roads  should  be  graded  30  ft.  be- 
tween ditches,  with  a  24  ft.  trafficway,  and  a  crown 
not  to  exceed  %  in.  to  the  foot.  A  narrower  road, 
which  will  be  approved  in  rugged  sections,  is  24  ft. 
between  ditches,  with  a  20  ft.  trafficway.  A  slope  of 
3  in.  to  the  foot  into  the  ditches  is  recommended. 


In  the  month  of  May,  freight  transportation  service 
rendered  by  about  75  per  cent  of  Class  I  railroads  of 
this  country  was  16.1  per  cent  in  excess  of  the  service 
rendered  in  1916.  In  that  year,  which  was  one  of 
unusual  activity,  the  freight  service  rendered  by  the 
carriers  was  24  per  cent  greater  than  in  1915.  So  the 
carriers  have  achieved  the  feat  of  adding  to  their 
freight  service,  in  the  short  period  of  two  years,  an 
amount  equal  to  the  freight  traffic  of  Great  Britain, 
France,  Russia,  Germany  and  Austria  combined. 
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Sheet  Asphalt  for  Country  Roads 

By  E.  A.  TREGO, 
Barber  Asphalt  Paving  Co.,  Philadelphia,  Pa. 

A  step  of  the  highest  significance  has  been  taken 
recently  with  respect  to  country  roads  subjected  to 
very  heavy  traffic.  Convinced  that  economy  warrants 
the  building  of  a  high  class  pavement  to  meet 
increased  volume  and  weight  of  traffic — particularly 
the  latter — highway  engineers  in  several  States  are 
turning  to  sheet  asphalt  on  a  concrete  base. 

While  this  has  been  described  as  a  far-sighted  and 
advanced  movement  from  an  economical  point  of 
view,  it  is  neither  an  innovation  nor  experiment  ex- 
cept as  it  applies  to  country  roads,  for  trustworthy 


17-Year-Old  Asphalt   Pavement  on   Park  Avenue.   Norfolk,   Va. 

precendent  as  to  durable  and  economical  results  is  to 
be  found  in  all  large  cities  where  pavements  of  this 
type  have  been  thoroughly  tested  for  35  years  or 
more.  Strictly  speaking  they  are  not  an  entirely  new 
proposition  even  as  to  country  roads,  for  here  and 
there  engineers  resorted  to  the  type  some  years  ago. 
For  example,  nearly  8  miles  of  Road  No.  250,  in  New 
York  State,  known  as  the  Utica-Oneida  Castle  road, 
was  paved  with  Trinidad  Lake  sheet  asphalt  on  a 
concrete  base  in  1906.  A  report  under  date  of  Aug. 
15,  1916,  states  that  the  road  at  that  time  was  in  per- 
fect condition  after  10  years'  service  and  that  during 
this  period  not  a  cent  had  been  expended  for  repairs. 
This  road  is  subjected  to  extremely  heavy  traffic,  be- 
ing a  continuation  of  Genesee  St.,  Utica,  the  main 
artery  of  travel  out  of  the  city  of  Utica. 

In  Connecticut,  State  Highway  Commissioner 
Charles  J.  Bennett  is  building  roads  with  the  sheet 
;  sphalt  on  a  6-in.  portland  concrete  base,  the  type 
that  carries  nearly  20,000  vehicles  per  10-hour  day 
at  5th  Ave.  and  42d  St.,  New  York.  Milwaukee 
County,  Wisconsin,  has  examples  of  the  type  built  in 
1914  and  1915.  Burlington  County,  New  Jersey,  has 
let  contracts  for  several  miles,  and  bids  were  re- 
ceived at  the  County  Engineer's  office  in  Wilmington, 
Del.,  on  Aug.  14  for  sheet  asphalt  and  concrete  con- 
struction on  a  section  of  the  Lincoln  Highway. 

The  adoption  of  sheet  asphalt  and  concrete  for 
country  roads  subjected  to  the  conditions  described, 
i.eems  to  emphasize  the  oft-repeated  statement  that 
f  ne  of  the  greatest  mistakes  made  in  highway  im- 
provement throughout  the  United  States  has  been  the 
construction  of  cheap  pavements  for  heavy  traffic 
country  roads.  Where  roads  built  under  bond  issues 
have  failed  and  conditions  necessitated  rebuilding 
within  a  quarter  of  the  time  allotted  for  the  maturity 
of  the  bonds,  communities  so  situated  have  had  con- 
vincing evidence  of  the  truth  of  the  saying  that  a 
cheap  pavement  may  be  the  costliest  in  the  end. 

While  practical  illustrations  of  the  ultimate  econ- 


omy of  enduring  pavements  are  not  as  common  as 
examples  of  false  economy  growing  out  of  reluctance 
to  pay  for  sound  construction  in  the  beginning,  their 
number  is  more  than  sufficient  to  prove  the  statement. 
A  case  in  point,  selected  because  it  represents  aver- 
age rather  than  extreme  city  traffic  conditions,  relates 
to  a  street  in  Norfolk,  Va.  In  the  fall  of  1900  the 
city  laid  on  Park  Ave.  7,320  sq.  yd.  of  Trinidad  sheet 
asphalt  on  a  concrete  base.  Inquiry  as  to  mainte- 
nance was  made  on  May  1,  1917,  after  the  pavement 
had  been  in  constant  use  for  nearly  17  years.  The 
report  was  that  only  42  sq.  yd.  had  required  mainte- 
nance. Had  this  maintenance  involved  complete  re- 
newal of  the  affected  area  at  the  original  cost  per 
square  yard,  it  would  have  meant  a  total  expenditure 
of  perhaps  $100  for  a  period  of  17  years.  A  photo- 
graph of  the  street  was  taken  on  May  1  last,  and  is 
reproduced  herewith.  It  is  a  matter  of  official  record 
that  many  streets  of  the  same  type  subjected  to  even 
greater  traffic  than  the  Norfolk  street  have  shown 
like  endurance  for  periods  of  20  and  25  years. 

Thus  it  cannot  be  said  that  the  engineers  now  re- 
sorting to  sheet  asphalt  surfaces  and  concrete  foun- 
dations for  country  roads  are  engaged  in  a  doubtful 
undertaking.  On  the  contrary,  it  seems  to  be  a  logi- 
cal development,  following  the  lines  of  progress  that 
have  characterized  the  paving  of  city  streets.  When 
country  roads  carry  quantities  and  weights  of  traffic 
closely  approximating  urban  conditions,  it  must  be 
expected  that  what  up  to  now  have  been  considered 
"city  pavements"  will  extend  into  country  districts. 
The  service  demanded  of  a  road  must  be  the  factor 
that  determines  the  character  of  construction  rather 
than  the  mere  question  as  to  whether  the  road  tra- 
verses a  rural  or  urban  locality. 

That  the  foregoing  is  true  is  shown  by  the  insist- 


Asphalt    Pavement    or 


Whitefish     Bay 
Wisconsin. 


ad,    [Milwaukee    County, 


cnce  on  the  part  of  eminent  highway  authorities  that 
the  mere  cheapness  of  a  pavement  bears  little  rela- 
tion to  true  economy  and  that  nothing  is  more  unre- 
liable and  misleading  than  the  assumption  that  if  a 
country  road  carries  50  per  cent  of  the  traffic  of  a 
city  street  it  should  be  50  per  cent  cheaper  than  the 
latter.  This  theory  takes  no  account  of  a  very  com- 
mon menace  to  highways,  i.  e.,  greatly  increased 
weight  of  traffic,  such  as  is  imposed  by  the  heavy 
motor  truck.  In  other  words,  success  comprehends 
many  factors  other  than  volume  of  traffic.  There 
have  been  many  cases  where  a  very  small  percentage 
of  the  total  traffic  of  a  road  has  destroyed  it. 

While  initial  cost  has  long  been  a  deciding  factor 
in  the  selection  of  roads,  communities  in  which  motor 
traffic  is  the  predominant  type  have   learned  that   a 
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Ihoroughly  good  road  will,  in  a  sense,  pay  for  itself, 
for  a  road  of  this  type  at  once  greatly  lessens  operat- 
ing expenses.  In  brief,  the  road  user  may  continue 
the  wasteful  expenditures  for  gasoline,  oil  and  tires 
always  occasioned  by  bad  roads,  to  say  nothing  of 
intending  discomforts,  or  he  may  invest  the  money 
in  a  thoroughly  good  road,  which  a  very  small  saving 
in  operating  expenses  will  pay  for  in  a  very  short 
time.  Proof  of  this  may  be  found  wherever  good  roads 
have  been  substituted  for  bad  roads. 

That  road  economy  as  it  pertains  to  the  road  itself 
was  not  as  readily  understood  as  the  economy  obtained 
by  substituting  automobiles  for  horses,  was  perfectly 
natural.  Even  an  inferior  type  of  road  permitted 
the  motorist  to  get  somewhere  at  greater  speed  than 
a  horse  could  convey  him,  and  the  senation  of  being 
carried  up  hill  and  down  dale  by  an  untiring  me- 
chanical device  is  still  sufficiently  novel  and  pleas- 
ing to  cause  many  to  ignore  the  fact  that  roads,  in 
the  matter  of  utility  and  economy,  should  correspond 
to  the  perfection  of  the  automobile  and  motor  truck. 
The  situation  is  not  unlike  that  affecting  railroad 
equipment  and  road  bed.  With  every  advance  in  the 
carrying  capacity  of  cars  and  the  speed  and  weight 
of  locomotives,  there  became  necessary  a  correspond- 
ing improvement  in  rails,  ties,  ballast  and  bridges. 
It  would  rightly  be  thought  absurd  to  attempt  to 
move  present  day  locomotives  and  freight  cars  over 
the  roadbeds  that  were  adequate  30  years  ago.  It 
is  just  as  absurd  to  expect  the  highways  of  forme 
days  to  carry  the  traific  weights  of  today,  and  yet 
that  is  what  is  done  in  too  many  instances.  There- 
'  fore  recourse  in  roadbuilding  to  the  concrete  base 
ivnd  the  dense,  wear-resisting  surface  of  heavy  traffic 
city  pavements  shows  a  realization  of  present-day  re- 
quirements that  is  highly  encouraging. 

On  the  basis  of  experience  with  thousands  of  miles 
of  city  streets,  it  may  be  confidently  said  that  sheet- 
iisphalt-concrete-base  roads  will  not  break  down 
under  heavy  traffic.  The  same  experience  has  demon- 
strated high  surface  resistance  to  abrasion  as  dis- 
tinguished from  wearing  surfaces  that  ravel  or  be- 
come dispersed.  An  unyielding  concrete  base  will 
bridge  depressions  in  the  sub-base  and  should  last 
indefinitely.  How  frequently  repairs  would  be  re- 
quired is  indicated  by  the  Norfolk  street  as  well  as 
millions  of  square  yards  of  this  type  of  pavement  on 
ether  heavy  traffic  streets  in  this  country  and  abroad. 


Gravel  Roads  Damaged  by  Cleats  on 
Tractors 

The  Service  Bulletin  of  the  Iowa  Highway  Commis- 
sion calls  attention  to  the  damage  caused  to  gravel 
roads  by  the  spikes  or  cleats  of  tractors.  The  spikes 
or  cleats  cut  into  or  through  the  gravel  crust  and  tear 
it  full  of  holes.  The  lossened  gravel  material  blows 
or  is  carried  off,  and  the  holes  in  the  surface  fill  up 
with  dirt.  In  rainy  seasons  they  fill  with  water  which 
stands  until  it  evaporates  or  penetrates  the  surround- 
ing gravel,  softening  it  and  destroying  still  further  the 
surface  crust.  Two  or  three  trips  of  a  heavily  cleated 
or  spiked  tractor,  will  almost  ruin  any  sort  of  gravel 
road  surface.  The  racking  of  the  tractor  due  to  run- 
ning over  either  gravel  or  paved  surfaces  with  spikes 
or  cleats,  should  be  argument  enough  to  induce  tractor 
men  to  keep  off  such  surfaces  or  to  remove  cleats  and 
spikes  when  on  such  highways. 


Co-Operative  Buying  of  Road  and 

Bridge  Material  by  Iowa 

Counties 

Co-operative  buying  of  road  and  bridge  materials 
under  standard  specifications  is  contemplated  by  the 
Supervisors  of  the  99  counties  of  Iowa.  The  plan  was 
suggested  by  Mr.  T.  H.  MacDonald,  Chief  Engineer 
of  the  State  Highway  Commission  in  a  paper  pre- 
f.ented  Aug.  9  at  the  annual  convention  of  the  State 
Association  of  County  Supervisors.  The  association 
endorsed  the  plan  and  provided  for  an  executive  com- 
mittee to  put  it  into  effect.  The  committee,  accord- 
ing to  the  instructions,  is  to  proceed  at  once  to  as- 
certain from  the  several  counties  their  requirements 
for  construction  materials  for  the  season  of  1918.  It 
will  group  these  requirements  and  secure  bids  for 
furnishing  the  material.  The  proposals  will  be  sub- 
mitted to  the  county  boards  who  will  award  the  con- 
tracts. 

The  plan  as  outlined  by  Mr.  MacDonald  in  his  ad- 
dress before  the  association  follows : 

In  order  to  continue  the  road  and  bridge  improve- 
ment program  in  this  State,  the  first  essential  is  to 
secure  the  supply  of  the  materials  of  construction 
that  are  to  be  needed.  The  resources  of  this  nation 
are  tremendous.  They  are  ample  to  supply  all  de- 
mands, but  there  are  certain  essentials  in  making 
available  this  supply  that  must  be  observed.  The 
first  is  the  uncei-tainty  of  the  qualities  required.  The 
second  is  the  time  necessary  to  produce,  the  third  is 
the  question  of  transportation,  and  the  fourth  that 
of  financial  responsibility.  At  this  time  when  large 
contracts  are  to  be  placed,  the  wants  of  the  small 
user  are  likely  to  be  overlooked,  and  wants  of  the 
large  user  supplied.  Also,  more  time  is  needed  to 
secure  materials.  The  whole  situation  is  such  that 
our  present  methods  of  supplying  the  needs  of  the 
counties  of  the  state  are  inadequate  and  fail  to  give 
service. 

Therefore,  I  wish  to  place  before  this  association, 
the  recommendation  that  an  executive  committee  of 
this  association  be  formed,  whose  function  will  be 
to  plan  a  co-operative  system  of  buying  and  supply- 
ing materials  to  the  counties,  which  will  give  the 
State  the  materials  we  must  have  during  the  time 
that  the  war  continues  and  as  long  afterwards  as 
may  be  found  desirable.  The  nation  has  formed  a 
National  Defense  Council,  the  State  has  established 
a  State  Defense  Council,  and  this  association  can 
find  in  these  facts  a  precedent  for  acting  upon  this 
recommendation. 

I  would  not  attempt  to  present  a  plan  for  the  or- 
ganization of  this  work  in  detail,  but  at  the  outset  as 
a  fundamental  principle  which  should  be  thoroughly 
understood  before  any  discussion  is  had  of  the  mat- 
ter, I  would  say  that  this  recommendation  does  not 
contemplate  that  the  actual  placing  of  the  orders  or 
the  letting  of  contracts  shall  be  vested  in  this  com- 
mittee. The  function  of  this  committee  would  be  pri- 
marily to  gather,  beginning  at  once,  the  estimated 
requirements  for  1918,  of  materials  such  as  lumber, 
reinforcing  steel,  cement,  sand,  gravel,  and  like  ma- 
terials, and  then  to  locate  supplies  of  these  mate- 
rials, obtain  prices  or  bids  and  submit  these  bids  to 
the  counties.  If  we  consider  the  needs  of  the  State 
as  a  whole,  it  is  apparent  that  there  has  been  a  great 
loss  of  efficiency  in  buying,  and  that  the  requirements 
of  the  State  as  a  whole  have  never  been  grouped  so 
as  to  attract  the  companies  or  corporations   having 
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control  of  large  supplies  of  these  materials.  It  is 
urged  that  this  is  a  serious  task  and  an  immense  one, 
but  that  it  is  a  work  well  worth  doing  and  one  that 
will  result  in  the  saving  of  hundreds  of  thousands  of 
dollars,  if  provision  is  made  by  this  association  for 
working  out  and  making  effective  a  plan  along  the 
line   submitted    in   this   recommedation. 

Take,  for  instance,  the  purchasing  of  bridge  lum- 
ber. We  have  reliable  information  that  there  is  a 
large  supply  of  lumber  at  the  mills  and  that  the  only 
difficulty  in  obtaining  the  delivery  of  this  material 
promptly  is  the  shortage  of  cars.  In  the  first  place, 
it  is  an  assured  fact  that  a  large  number  of  cars  must 
be  brought  into  Iowa  this  fall  and  winter  to  be  filled 
with  the  foodstuffs  which  Iowa  will  have  to  ship,  and 
there  is  no  reason  why  these  cars  should  be  shipped 
into  the  State  empty,  if  there  are  materials  which 
Iowa  needs  from  the  outside.  If  an  executive  com- 
mittee from  this  association  will  gather  at  once  esti- 
mates from  the  various  counties  as  to  the  amount  oi 
bridge  lumber  they  will  need  next  year,  and  submit 
these  estimates  to  bidders,  allowing  six  months'  de- 
livery, the  amount  of  the  lumber  required  will  be  such 
as  to  attract  the  attention  of  large  producers  both 
in  the  south  and  on  the  west  coast,  and  with  a  long 
time  delivery,  most  favorable  prices  should  be  se- 
cured. The  requirements  of  the  various  counties 
would  be  listed,  and  as  soon  as  the  bids  were  re- 
ceived, these  prices  would  be  submitted  to  the  indi- 
vidual county  boards,  for  their  acceptance  or  rejec- 
tion as  they  may  see  fit.  When  the  United  States  gov- 
ernment desired  to  purchase  large  quantities  of  lum- 
ber for  building  the  army  cantonments,  it  received 
very  favorable  bids  from  both  the  western  and  south- 
ern producers.  In  fact,  the  rivalry  was  so  keen  as 
to  which  section  should  deliver  the  lumber  at  the 
earliest  date  that  wagers  were  made  between  the 
western  and  southern  producers'  associations,  and 
lumber  from  the  southern  States  rushed  through  to 
the  camp  at  Des  Moines  in  special  trains.  We  do  not' 
need  this  material  delivered  in  special  trains,  but 
we  do  not  want  to  have  contracts  for  material  which 
is  diverted  en  route  and  sold  at  higher  prices  while 
we  wait. 

The  same  general  situation  holds  true  of  rein- 
forcing steel.  Both  lumber  and  reinforcing  steel  are 
materials  that  can   be   stored  without   deterioration. 

The  principles  upon  which  these  recommendations 
are  based  are  first,  that  if  the  State  of  Iowa  can  ob- 
tain bids  on  large  quantities  of  materials,  that  more 
favorable  prices  will  be  received,  and  if  these  bids 
can  be  taken  very  soon  for  next  year's  work,  there 
will  be  no  question  about  obtaining  deliveries  of  the 
material  at  the  time  it  is  needed.  It  must  be  em- 
phasized that  the  action  of  an  executive  committee 
would  not  be  final,  and  that  all  contracts  would  be 
made  by  the  individual  county  boards,  if  the  prices 
secured  were  considered  better  than  they  could  se- 
cure from  any  other  source,  and  no  board  would  be 
bound  or  committed  to  purchase  unless  it  so  desired, 
after  bids  were  received. 

It  should  be  further  emphasized  that  this  is  a  work 
which  can  be  handled  by  your  association.  Such 
clerical  assistance  as  might  be  needed  by  your  com- 
mittee, I  believe,  would  be  willingly  supplied  by  the 
Highway  Commission,  and  I  have  no  doubt  that  the 
Attorney  General's  Department  would  gladly  assist 
so  far  as  any  legal  questions  are  involved. 

The  producers  of  materials  know  that  the  counties 
are  financially  responsible,  and  I  am  very  strongly 
of  the  opinion  that  a  plan  of  this  character  could  be 


worked  out  not  only  for  lumber  and  reinforcing  steel, 
but  for  other  materials  of  construction  which  are 
needed,  as  well.  » 

A  committee  formed  by  this  association,  of  repre- 
sentative supervisors  from  each  congressional  district 
in  the  State,  has  immense  possibilities  for  saving 
large  sums  of  money  to  the  taxpayers  of  the  State 
at  this  time,  and  would  be  able  to  secure  a  contin- 
uance of  road  and  bridge  improvement.  The  field 
of  usefulness  which  might  be  occupied  by  such  a 
committee  is  only  partially  indicated  in  what  I  h. 
said. 


Highways  Designated  by  Markers 
on  Bridges  and  Culverts 

The  road  officials  of  Hamilton  County,  Ohio,  have 
adopted  the  practice  of  placing  metal  markers  on 
bridges  and  culverts  to  designate  the  highway  and 
to  convey  such  other  information  as  may  be  desired. 
The  signs  are  fixed  on  both  inner  sides  of  parapets 
of  bridges  and  of  culvert  headwalls  where  they  ex- 
tend far  enough  above  the  surface  of  the  road.     The 
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accompanying  illustration  shows  the  sign  on  the 
Woodlawn  Bridge  over  the  west  fork  of  Mill  Creek, 
which  was  erected  jointly  by  the  State  and  the  county. 
This  road  is  a  section  of  the  Dixie  Highway,  and  as 
a  consequence  two  other  signs  stating  this  fact  and 
giving  the  bridge  number  also  have  been  placed  on 
the  bridge. 
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Marker  on   V\/oodlawn    Bridge,    Hamilton   County,  Ohio. 

The  signs  are  made  of  number  12  gage  99.84  pure 
iron.  The  letters  are  milled  to  a  depth  of  1/16  in. 
end  after  being  galvanized  are  covered  with  alumi- 
num paint,  the  balance  of  the  plate  being  covered 
by  two  coats  of  paint  (any  color)  baked.  They  are 
fastened  to  the  forms  by  nails  and  anchored  into  the 
concrete  by  bolts.  Letters  can  be  made  any  size. 
The  cost  is  about  7y2  ct.  per  letter.  The  sign  shown 
cost  $3.  Wm.  H.  Boeh  is  County  Surveyor  of  Ham- 
ilton County. 
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Weight  and  Amount  of  Traffic  on 
Iowa  Country  Roads 

Interesting  statistics  on  the  amount  and  weight  of 
traffic  on  country  roads  in  Iowa  have  been  obtained 
from  a  traffic  census  conducted  by  the  State  High- 
way Commission  and  the  Engineering  Experiment 
Station  at  Ames  in  connection  with  proposed  Federal 
aid  projects.  Results  of  this  census  were  outlined 
by  Mr.  Thos.  H.  MacDonald,  State  Highway  Engi- 
neer, in  an  address  delivered  last  month  before  the 
State  Association   of   County   Supervisors. 

In  order  to  determine  more  accurately  the  actual 
amount  of  traffic,  a  set  of  scales  was  used  to  weigh 
ij^e  traffic  going  over  the  various  roads,  and  the  re- 
sult confirms  the  increased  use  of  the  roads  that  has 
been  apparent  from  observation.  Such  a  weighing 
station  was  installed  2  miles  south  of  Ames,  a  town 
of  5,000  people,  and  the  traffic  weighed  for  a  period 
of  10  days.  During  this  time  a  total  of  1,995  vehicles 
passed  over  the  road,  an  average  of  about  200  per 
day.  These  vehicles,  including  their  own  weight,  car- 
ried 4,919,468  lb.  of  weight,  or  an  average  of  about 
500,000  lb.  of  weight  for  every  day.  During  the  10- 
day  period,  5,560  people  went  over  the  road,  or  an 
average  of  556  per  day. 

In  Jefferson  County,  near  Lockbridge,  the  total 
number  of  vehicles  over  the  road  for  one  week  was 
888.  At  Van  Wert,  in  Decatur  County,  691;  at  Cor- 
rectionville,  in  Woodbury  County,  1,257;  at  Clear 
Lake  in  Cerro  Gordo  County,  7,044;  in  Delaware 
County,  on  the  Hawkeye  Highway,  the  total  was  2,996. 
A  summary  for  the  eight  stations  for  which  the 
counts  have  already  been  taken  and  which  are  es- 
tablished on  roads  typical  of  the  country  roads  lead- 
ing into  market  centers  all  over  the  state,  show.'- 
total  of  74,203  passengers  and  22,858  vehicles.  The 
total  number  of  days  during  which  the  above  traffic 
was  counted  is  59,  which  makes  a  daily  average  of 
1,259  people  and  387  vehicles.  It  will  be  noted  that 
this  is  about  double  the  daily  average  traffic  for  the 
weighing  station  established  at  Ames,  and  on  the 
basis  of  the  actual  weights  taken  at  that  station,  the 
average  for  the  eight  roads  would  show  almost  1,000,- 
000  lb.  of  traffic  per  day. 

The  most  surprising  feature  of  the  count  is  the 
number  of  people  that  are  now  using  the  roads.  On 
the  Mason  City-Clear  Lake  road  the  count  for  one 
week  showed  that  over  25,000  people  traveled  this 
one  road.  The  combined  population  of  Mason  City 
and  Clear  Lake  is  about  22,000.  This  means  that  the 
number  of  people  who  had  used  the  road  in  one  week 
was  greater  than  the  number  of  people  in  both  Mason 
City  and  Clear  Lake  by  a  margin  of  approximately 
3,000. 

From  time  to  time  there  has  been  criticism  made 
of  the  improvement  of  roads  for  tourist  travel,  on  the 
theory  that  the  tourist  traffic  is  detrimental  to  the 
roads  and  that  the  tourists  do  not  contribute  to  the 
cost  of  improvement  and  maintenance.  In  order  to 
obtain  information  on  this  point,  the  tourist  count 
was  accurately  kept,  and  out  of  the  entire  number 
of  22,000  vehicles  passing  over  the  roads,  at  the  eight 
stations,  only  669  were  strictly  tourists;  that  is,  only 
about  3  per  cent  of  the  traffic  was  tourist,  and  the 
stations  at  which  these  records  were  taken  include 
some  of  the  best  cross-State  routes,  among  them  be- 
ing the  Hawkeye  Highway,  the  Jefferson  Highway, 
Blue  Grass  Road,  with  one  station  between  the  Lin- 
coln  Highway   and   the   city   of    Des    Moines.      The 


amount  of  .town-to-town  traffic  is  large  and  indicated 
that  there  must  be  a  readjustment  in  the  method  of 
levying  taxes  for  the  improvement  of  the  main  county 
highways,  so  that  city  and  town  property  will  bear  a 
larger  proportion  of  the  cost  of  this  improvement,  but 
the  actual  count  emphasizes  the  fact  that  it  is  the  peo- 
ple of  each  community  in  the  State  who  are  using  the 
roads,  and  not  the  people  of  other  States.  It  is  doubt- 
ful if  the  people  of  other  States  use  the  roads  of 
Iowa  in  anything  like  the  proportion  that  the  people 
of  Iowa  use  the  roads  of  the  States  on  the  east  and 
west  coasts. 


Influence  of  Road  Surface  on 
Tractive  Resistance 

Tests  to  determine  the  tractive  resistance  of  a 
loaded  farm  wagon  on  various  road  surfaces  have 
been  made  recently  by  J.  B.  Davidson,  Professor  of 
Agricultural  Engineering,  University  of  California, 
for  the  Good  Roads  Bureau  of  the  California  State 
Automobile  Association.  The  tests  were  made  in  part 
at  the  University  Farm,  near  Davis,  in  Yolo  County, 
California,  and  upon  the  State  highway  in  the  vicinity 
tnd  over  various  county  roads  and  stretches  of  the 
State  highway  in  Sacramento  County,  near  Sacra- 
mento. The  types  of  roads  on  which  the  tests  were 
made  were  as  follows : 

Earth  road,  dust  =.i   to  2  in.  deep. 
Karth   road,   stift  mud,   finn  underneath. 
_lravel,   compact,    in  good  condition. 
Gravel,   loose,   not  packed. 
Water-bound  macadam,  good  condition. 
Oil  macadam,  new,  good  condition. 
Concrete,  unsurfaced,  smoctli. 

Concrete,   %-in.  top,  asphaltic  oil  and  screenings 
Concrete.  IVj-in.  Topeka  top. 
TrpekiL  top.   IV^-in..   on  plar.k.   approach  to  causewai'. 

As  far  as  possible  all  factors  influencing  the  trac- 
tive resistance  of  a  loaded  wagon,  except  the  road 
surface  itself,  were  either  eliminated  or  maintained 
constant  throughout  the  tests.  Thus  one  wagon  with 
the  same  load  was  used  and  was  drawn  by  a  team 
in  all  the  tests,  except  those  on  an  oil  macadam 
road,  where  a  motor  truck  was  used.  The  tests  were 
made  on  June  13  and  July  9  and  10.  The  weather  was 
bright  and  sunny  in  each  case  and  the  highest  tem- 
perature for  each  day  was  about  105'.  The  warm 
weather  was  the  occasion  for  an  increased  tractive 
resistance  on  the  oil  roads  over  that  for  average  tem- 
peratures. 

The  rate  of  travel  was  decided  in  each  case  and 
averaged  2.4  miles  per  hour  for  the  team.  On  grades 
tests  were  made  both  up  and  down  grade  and  the  re- 
sults averaged. 

The  wagon  was  of  the  standard  farm  type  with 
steel  axles  of  equal  length,  with  wheels  38  and  46 
in.  in  diameter  and  4-in.  tires.  The  load  consisting  of 
rice  in  sacks,  weighed  6,000  lb.  gross.  The  team  con- 
sisted of  two  heavy  draft  horses,  weighing  about 
1,600  lb.  each.  In  the  tests  on  oil  macadam  the  load 
was  drawn  by  a  motor  truck. 

The  dynamometer  was  of  the  integrating  and  re- 
cording type  known  as  the  Iowa.  The  force  repre- 
senting the  tractive  resistance  of  the  loaded  wagon 
acting  through  the  instrument  compresses  a  spring 
carefully  calibrated  to  indicate  the  force  acting.  The 
£  verage  resistance  over  a  uniform  distance,  meas- 
ured automatically,  is  indicated  directly  by  the  in- 
strument at  the  end  of  the  run.  A  record  of  the  re- 
sistance is  also  made  on  a  strip  of  paper  drawn  under 
a  recording  pencil;  this  record  so  provided  is  used  to 
check  the   average   results   furnished   by  the   instru- 
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ment.     The  tests  were  started  after  the  load  was  in  InStfUCtionS    Of   KciltUCky    Dcoart- 

motion  and  moving  a  uniform  rate.  f    D     KI*       TT        ^       -f 

The  results  of  the  tests  are  summarized  in  the  tab-  meilt    Ol    FUDllCKoauS    lOF 

uiation  that  follows :  Making  Road  Sur- 

Tractive.      Resist.  , 

Test  No.        Kind  of  road.              Condition               Total.       Per  ton.  VfV*     Onri     r  «- 

of  road.                        Lb.             Lb.  VCJ^O     ailU    J^S 

29-30-31        Concrete                   Good,  excellent            S3.0            27.6  t-irrtnt-^c- 

(Unsurfaced)  lllUdlCS 

*11-12              Concrete                   Good,  excellent            CO.O            30.0  rr,         oi-ix^           t-          i.       ^-    r,    i  ^■       -n       j         r    tr 

•  Unsurfaced)  The    State    Department   ol    Public    Roads    of   Ken- 

26-27-25       Concrete               Good,  excellent        147.6         49.2  tuckv   has   issued   a   bulletin   of  instructions   for  the 

alphaitic  oil  and  guidance  of  engineers  in  making  of  road  surveys.   The 

,»  ,.           screenings  purpose  of  the  publication   is  to  indicate  the  infor- 

13-14               Concrete                    Good,    excellent           loo.O             -)].6  .  .                     .       ,  f      j.,       t^            ,            ^    .             -,        ^              ,  , 

^  in.  surface  mation  required  by  the  Department  m  order  to  enable 

sCT^en'ings"'  ^""^  it  to  approve  the  work  for  the  proposed  highway,  and 

9-10           Macadam              Oood,  excellent        193.0         C4.3  also  to  state  the  form  in  which  the  information  must 

22-23           rpeUa'oT"        Good,  excellent        205.5          68.5  ^e  submitted.     Extracts  from  the  bulletin  follow: 

'  °"'^''''te  Grades. — In  new  locations  it  is  deemed  best  bv  the 

8  Gravel  Compact,    good  226.0  75.0  t-.  . 4-j.ui.ii.  j  i-u         i.  jr 

condition  Department  that  the  grades  should  not  exceed  5  per 

t45-48           Oil  macadam        Good,  new               234.5         78.2  cent    Unless    under   very    extenuating   circumstances, 

t46-47           on  macadam        Good,  new               244.0         81.3  ^nd    if    over  5   per  Cent   is   made   such    information 

33  Gravel                       Packed,  m  good        24i.o            82.3  i.       u  i.           x    j          ii              hi                -u           ,  i     i,       ^ 

condition  should  be  noted  on  the  profile  as  will  enable  the  Com- 

is-i9-2('       Topeka  on            Good  condition.        2C5.0         S8.3  missioner  to   know  the   Conditions   where   the   above 

plank                               soft,    -wagon  ^.           ,             ,       .                    ,     , 

loft  marks  mentioned  grade  is  exceeded. 

34  Earth  road           Firm.    1%   jn.        276.0         92.0  jn  resurfacing  work  the  fact  is  appreciated  that  it 

nne  loose  dust  ...    ,        .                 ...                .                          ,                              .     , 

24-25           Topeka  on            Oood  condition,        27S.0         92.6  Will  be  impossible  at  times  to  rcduce  some  ot  the  ex- 

1''='"'^                       'J"*  ^°f'  isting  grades  owing  to  the  improvements  which  have 

l-Z-,":               Earth  road             Dust  %,  to  2  in.           298.0            99.3  ,                °  j         i            tu               jut           uuiju            i.j 

3-4              Earth                  Mud.  stiff,  firm        654.0        218.0  ^een  made  along  the  road,  but  such  should  be  noted 

underneath  on  the  profile,   stating  why  the   grade  could   not   be 

c-7              Gravel                 ^  pa^c'LV     "°'        '^®"        ^^^'^  reduced,  and,  where  it  is  possible  to  change  the  lo- 

•Graphic  record  indicates  that  the  load  w,is  being  accelerated  Cation,    a    SUrvey    should    be    made    showing    the    pOSsi- 

when  test  was  started    tDrown  with  motor  truck  at  2%  miles  bility  of  such  work,  and  the  per  cent  of  grade  must 

per  hour.     tDrawn  witli  motor  truck  at  5  miles  per  hour.  ,".,,,               /., 

be  noted  on  the  profile. 

.               oTv            /^i  Type  of  Survey. — When  a  survey  is  to  be  made  in 

Cost  of  Street  Cleaning  at  San  Diego,  Cal.  sidehill  country  it  will  be  necessary  to  secure  all  data 

with  Vacuum  Cleaners  from  which  to  figure  all  quantities  required  for  the 

engineer's  estimate,  besides  giving  the  State  Inspector 

The  city  of  San  Diego,  Cal.,  has  operated  vacuum  the  informtaion  necessary  to  enable  him  to  direct  the 

street  cleaning  machines  for  the  past  four  years.   The  progress  of  the  work.     This  applies  to  all  new  work, 

first  machine  was  purchased  in  the  fall  of  1912  and  whether  following  old  roadbed  or  making  a  relocation, 

the  second  in  March,  1913,  at  a  cost  of  $2,200.     The  xhis  will  require  a  careful  alignment  survey  and  de- 

t.pparatus  is  drawn  by  three  horses;  the  vacuum  ar-  tailed  cross-section  and  profile. 

rangement  being  run  by  a  small  gas  engine.  The  out-  when  a  grading  operation  is  contemplated  and  the 
fit  IS  handled  by  one  gas  engineer  and  one  teamster.  amount  of  earthwork  is  vel>^'  light,  which  would  mean 
The  machines  are  worked  two  shifts  a  day.  The  costs  i  ft.  of  excavation  or  such  would  have  to  be  made  at 
of  street  cleaning  with  the  vacuum  machines  for  the  different  points,  or  where  slight  elevations  are  to  be 
first  7  months  of  1917,  according  to  information  fur-  moved  to  fill  slight  depressions  nearby,  and,  if  in  the 
nished  by  Mr.  F.  M.  Lockwood,  Manager  Operating  opinion  of  the  engineer  it  would  be  advisable  to  re- 
Department  of  city  of  San  Diego,  were  as  follows:  ^eive  bids  on  the  mile  basis,  it  may  be  necessary  to 
VACUUM  NO.  1.  supplement  the  line  survey  by  only  such  staking  as 
Opera-    Mainte-     Total       Yardage    pe^i.ooo  ^^'^  s*^*""'^  t°  indicate  the  location  and  grade  of  the 

tion.          nance.          cost.         cleaned.        sq.  yd  WOrk  to   be   done. 

January    $    317.61     %      33.16     %    350.77     •  2,923,000*  $0.12 

February   397.19         41.34       438.53     3,654,417*     .12  The   least   survcv  will  probablv  be  required  when 

:March    398.33            S6.47          4S4.80       4,048,069         .11976  ,,                 i     t       u       j"                     ■    ,.         c'               r      ■                        j 

Apr::   406.44         44.73       451.17     2,292!s53       .13C77-:  the  work  to  be  done  consists  of  resurfacing  a  road 

Jime  '.■.'.'.■.■.■.'.■.'..■.■     *4i;43       493.07       lll.'so     in^lhop"       '}™^  which  is  already  shaped  and  at  the  proper  grade,  and 

July   '■ .  ■     365.78       186.35       552.i3t    2,257,354       ;24459..  whose  course  is  well  defined.     In  this  case,  it  may  be 

Totals    f2, 345.24    $1,022.73    $3,367.97    18,306  620  iiecessary  only  to  run  such  a  general  line  survey  and 

-^'■'^™°^-^  3-5.03       146.10       481.13     3,051,103    $0.18397  profile  to  show  the  existing  grades  and  to  secure  such 

VACUUM  NO.  2.  additional  data  as  the  width  of  the  existing  right  of 

FehruIi■•^•;■.:■.".■.::'  Im:!!    *    Itu    ^llifi     H87'ooo*  ^"u  way,  the  width  of  the  roadbed  in  cuts  and  on  fills,  and 

^larch   ." 369.19         16:43       385:62     4:i74:58i       :o92373  take  occasional  cross-sections  to  show  the  condition 

Apm     431.0-5              38.8-:>           4o9.o8        4,2od.  (o9          .11038  ,.                       j                i           ai            t.                ,.            i,*.,            , 

May  373.75         27,08       400.83     3,442,492       .116436  of  present  road.     AIso  dig  a  few  test  pits  to  show 

Jul"?  .■.'.■,■.■.;:::::     Ittji          8.i9       272:03     iiw'iel       '092""  thickness   of   stone   and   show  condition   of  the   cul- 

Totais  ...^i:iii3i    ilii^    iii^Til    if^o"^  — ' ^'erts  as  will  enable  the  Commissioner  to  determine 

Averages  348.46         19.31       367.85     3,43s:7i2    $0.166974  that  the  situation  is  such  that  state  funds  may  be  ex- 

*Estiniattd;  no  figures  available  for  actual  yardage.    tThis  to-  nended  nronerlv  on  the  road 

tal   cost   includes   a   complete   overhauling   and   rebuilding   of  the  P'^""*'"   piupeiiy   uii   iiie  lodu. 

entire  apparatus.  Qn  resurfacing  work  the  engineer  should  at  the 
The  above  costs  include  teams  at  actual  cost  of  outset  send  to  the  central  oflSce  all  information  about 
feed,  care  and  maintenance  of  harness,  labor,  fuel,  drainage  structures.  Such  procedure  will  allow  de- 
oil  and  repairs,  but  do  not  include  depreciation  nor  signs  to  be  made  while  the  engineer  is  making  sur- 
interest  on  the  investment.  vevs  and  maps,  and  when  same  are  sent  to  the  ofiice 
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the  designs  can  be  attached  to  plans,  blue  printed  and 
contracts  for  everything  let  at  one  time. 
Surveys. 

The  final  location  should  be  made  in  the  field  and 
not  on  paper,  and  sufficient  data  must  be  secured  to 
enable  the  computation  of  all  quantities,  and  such 
stakes  should  be  set  as  will  be  necessary  for  the  State 
Inspector  in  giving  all  the  lines  and  grades  w^hich 
will  be  necessary  during  construction. 

Survey  should  consist  of  the  running  of  the  center 
line,  marking  the  location  of  the  necessary  objects 
along  the  road,  and  setting  the  stakes  and  marking 
to  designate  line  and  grade;  running  levels  and  tak- 
ing cross-sections;  and  securing  such  information  on 
bridges  and  culverts  and  the  general  drainage  situa- 
tion as  may  be  required. 

Survey  Line. — The  final  survey  line  is  to  be  the 
actual  construction  center.  If  preliminary  lines  are 
necessary,  the  center  line  is  to  be  located  after  plans 
are  drawn.  The  angle  points  should,  if  possible,  be 
located  on  the  nearest  1/10  footmarks  and  the  deflec- 
tion angle  for  each  course  should  be  measured  to  the 
nearest  minute,  and  the  magnetic  bearing  of  each 
course  must  be  taken  and  indicated  on  the  plans. 
Every  angle  point  should  be  referenced  in  with  three 
ties  to  permanent  objects  unless  the  courses  are  very 
short.  All  curves  should  be  run  in  the  field  at  the 
time  of  making  location.  On  resurfacing  work  it  is 
not  necessary  to  run  curves,  but  angle  points  should 
be  referenced  about  every  1,000  ft. 

Side  Locations. — In  general,  a  tape  survey  will  give 
the  necessary  accuracy  in  making  locations.  All  sig- 
nificant objects  within  100  ft.  or  so  of  the  finished 
road  should  be  indicated,  but  where  they  are  at  a 
greater  distance  the  dimensions,  etc.,  may  be  esti- 
mated. Whenever  the  position  of  an  object  becomes 
important  (as,  for  instance,  when  a  stream  nears  the 
road  embankment  or  when  a  house  is  situated  close 
to  a  road  whose  grade  it  is  planned  to  change  to  a 
marked  degree),  locations  should  be  made  to  the  near- 
est foot. 

Offsets  from  the  survey  line  to  the  bordering  fences 
or  walls  should  be  made  'every  100  ft.,  or  oftener  if 
the  irregularities  so  require;  dividing  property  fences 
should  be  located  by  offsets  from  the  center  line,  but 
the  direction  may  be  satisfactorily  indicated  by  de- 
termining their  range  intersection  with  the  base  line; 
and  when  it  becomes  necessary  to  locate  buildings  or 
other  objects  accurately  it  will  be  sufficient  to  deter- 
mine their  range  on  the  base  line  and  their  rectangu- 
lar dimensions.  Location  of  materials,  quarries, 
gravel  beds,  etc.,  should  be  taken,  and  it  should  also 
be  noted  where  water  may  be  obtained  for  sprinkling 
the  roads. 

Alternative  Lines. — In  case  the  engineer  is  un- 
decided which  of  two  possible  relocation  lines  should 
be  followed,  he  should  run  a  line  from  each  loca- 
tion, these  lines  to  be  designated  "Line  A"  and  "Line 
B."  Profiles  and  cross-sections  should  be  taken  along 
each  line  and  plans  of  both  sumbitted  to  the  State 
office  with  reasons  for  selection  of  the  route  adopted 
and  an  estimate  of  the  cost  of  each  also  to  be  fur- 
nished. 

Alternative  lines  should  be  made  on  separate 
sheets. 

Levels. — Profile  levels  should  be  taken  at  least 
300  ft.  beyond  the  beginning  and  end  of  the  proposed 
road. 

A  well-adjusted  transit-bubble  will  be   sufficiently 


accurate  for  general  highway  work  where  a  closing 
error  of  1/10  ft.  per  mile  will  be  allowed. 

Levels  should  be  run  forward  and  backward  along 
the  course  of  the  road  in  order  to  close  the  circuit. 
Bench  marks  on  some  prominent  object  should  be 
taken  at  intervals  of  each  1/4  mile  and  recorded  in 
the  notes. 

The  profile  levels  of  the  center  line  and  bench 
marks  should  be  run  in  one  operation  and  check 
levels  run  in  the  same  operation  with  the  cross-sec- 
tions, but  do  not  attempt  to  do  both  at  one  operation. 

It  is  not  necessary  to  run  check  levels  on  resur- 
facing work. 

Cross-Sections. — Cross-sections  should  be  taken  at 
all  100-ft.  stations  in  regular  country  and  at  shorter 
intervals  where  the  ground  undergoes  a  marked 
change  between  stations.  Where  rock  is  encountered, 
sections  and  soundings  to  determine  the  elevation  of 
the  rock  should  be  taken  at  such  frequent  intervals 
as  the  surface  requires. 

At  the  station  points  readings  should  be  taken  on 
the  center  line  of  the  traveled  way,  the  right  and  left 
edges  of  the  traveled  way  or  of  the  roadway,  at  the 
top  and  base  of  each  slope,  and  .one  reading  farther 
out  (not  less  than  30  ft.  from  the  center  line  of  lo- 
cation) at  either  side  to  show  the  slope  of  the  nat- 
ural surface. 

Readings  on  the  ground  should  be  taken  at  the 
nearest  1/10  ft. 

In  general,  it  will  not  be  necessary  to  show  more 
of  the  topography  than  these  cross-sections  will  re- 
veal. In  cases  where  the  location  of  the  road  is  open 
for  some  question,  a  short  topographic  survey  might 
be  made  in  order  to  show  on  the  plans  the  circum- 
stances which  caused  the  choice  of  the  location  to  be 
made. 

Take  only  a  few  cross-sections  to  show  condition  of 
road  on  resurfacing  work. 

Drainage. — Complete  provisions  must  be  made  for 
the  drainage  of  every  road,  and  the  plans  must  show 
what  arrangements  have  been  made  and  complete 
data  must  be  furnished  for  all  drainage  structures 
larger  than  regular  standard  culverts.  Estimates  of 
the  drainage  area  for  all  structures  must  be  given  in 
all  cases. 

For  culverts  the  length,  width  and  average  slope 
per  100  ft.  of  drainage  area  should  be  noted  and  the 
direction  of  flow  indicated  on  plan  by  an  arrow. 

Ditches. — Whenever  the  road  is  at  a  grade  of  less 
than  5  per  cent,  the  grading  of  the  drainage  ditches 
must  be  planned  by  a  separate  grade.  The  design  of 
the  ditch  must  be  shown  on  the  cross-sections,  and 
all  grades  of  less  than  0.5  per  cent  should  be  avoided 
if  possible. 

Underdrains. — The  engineer  should  take  special 
care  to  note  or  to  determine  by  local  inquiry  any 
parts  of  the  road  which  break  up  in  wet  seasons  and 
specify  underdrains. 

Culverts. — Pipe  culverts  crossing  the  center  line  of 
the  road  should  not  be  less  than  22  ft.  long. 

Every  bridge  and  culvert  within  the  course  of  the 
design  should  be  described  in  the  specified  form 
whether  it  is  or  is  not  intended  for  reconstruction. 

At  every  culvert  which  it  is  proposed  to  construct 
or  reconstruct  a  cross-section  should  be  taken  along 
the  proposed  axis,  and  the  section  taken  far  enough 
out  to  show  elevation  of  inlet  and  the  lowest  possible 
outlet  available,  even  if  this  involves  the  construction 
of  a  short  ditch. 

Profiles  must  also  be  taken  on  the  center  line  of 
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the  road,  the  elevation  of  the  finished  roadway  noted, 
and,  if  the  culvert  is  to  be  located  on  a  skew,  the 
angle  of  the  skew  must  be  given.  Do  not  try  to  build 
culverts  at  right  angles  to  the  road  if  same  should  be 
built  on  a  skew  to  fit  the  stream. 

Considerable  attention  should  be  paid  to  the  angle 
at  which  any  drainage  structure  crosses  the  road,  and, 
if  they  should  be  built  on  a  skew,  these  angles  must 
be  noted  and  the  length  and  type  of  wings  should  be 
noted  in  every  instance.  Culverts  should  not  be  de- 
signed askew  if  possible  to  economically  change  the 
course  of  stream. 

Data  Sheet. 

In  addition  to  the  plans,  cross-sections  and  profiles, 
an  extra  sheet  or  two  should  be  added  for  showing 
any  data  with  which  it  is  not  desired  to  encumber  the 
plans,  such  as  showing  the  details  of  any  structure 
which  requires  dimensioning  for  showing  the  total 
amount  of  each  class  of  work  required;  for  showing 
the  profiles,  etc.,  of  new  drainage  structures,  and  for 
giving  the  information  necessary  for  inspectors  when 
they  are  required  to  take  the  work  without  further 
aid. 

These  sheets  may  either  be  plain  or  ruled  with 
cross-section  or  profile  ruling. 

Details  should  be  shown  on  a  scale  of  1  in.  equals 
50  ft.  or  less.  Special  details  should  be  shown  on  a 
scale  of  1  in.  equals  4  ft.  Instead  of  detail  drawings 
for  concrete  culverts,  the  overall  length  may  be 
specified,  and  for  the  various  sizes  reference  to  be 
made  to  the  standard  drawings  of  the  Department  of 
Public  Roads.  The  lengths  of  all  other  types  of  cul- 
verts as  well  as  size  must  be  shown. 

Quantity  Sheet. 

It  will  be  necessary  to  prepare  a  summary  sheet 
showing  by  stations  all  information  pertaining  to  the 
road.  Quantities  like  the  amount  of  macadam  re- 
quired for  different  points  of  resurfacing  job  should 
be  noted.  The  lineal  feet  of  shaping  may  or  may  not 
require  listing,  depending  on  whether  or  not  the  same 
is  uniform  throughout  the  course.  The  quantities 
such  as  excavation  fill,  and  the  yardage  of  retaining 
walls  and  drainage  structures  must  be  shown. 

A  suggestion  for  an  orderly  form  showing  the  data 
necessary  to  enable  the  inspector  to  stake  out  the  work 
and  make  an  estimate  is  given  below: 


Distance  to 
center  line. 
Right  Left 
Stalie.  Stalie. 
.  21.3  1S.6 
.  16.4  21.3 
.    17.fi         15.8 


Cut  or  fill  at 
center  line. 
Right  Left 

Stake.  .Stake. 
C-3.2  C-C.2 
C-1.0  C-2.4 
F-5.1         C-0.0 

Culverts. 


Exca-  Walls, 

vation  Over  Rock,  Etc., 
cu.  yd.  haul.cu.yd.cu.yd. 


Sta.  Size. 

1  plus  20 6'x4' 

3  plus  45 3'x2' 


Concrete 

cu.  yd. 

20.7 


Steel 

pounds. 

1.215 

.493 


Estimates. 

The  estimate  in  quadruplicate  of  the  cost  of  the 
road  which  accompanies  the  plans  should  be  made  on 
an  8y2xll  white  paper  sheet.  Such  estimates  are 
to  be  approved  by  the  Division  Engineer  and  sent  to 
the  State  office  for  final  approval,  and  same  should 
accompany  the  plans. 

This  estimate  should  consist  simply  of  a  statement 
of  a  list  of  the  total  of  each  class  of  work  which  is 
required,  with  the  estimated  unit  price  for  each  class 
and  the  product  of  these  two  figures,  thus : 

Unit  price. 


Quantity.  Item. 

02. 1  cu.  yd.     1:2:4  concrete 
1000.     cu.  yd.  macadam 


Total  cost  of  items 


Cost. 

$    496.80 

1.200.00 

Etc. 


To  approximate  the  total  cost  to  the  county,  there 
should  be  added  to  the  total  of  all  items  so  obtained 
an  amount  equal  to  20  per  cent,  to  make  ample  pro- 
vision for  contractor's  profit,  and  an  amount  equal 
to  5  per  cent,  to  allow  for  the  supervision  of  the  work, 
thus: 

Tota!  cost  of  items    $26,000.00 

Add  20%  i:llowance  to  include  profit 5,200.00 

Add     5%  allowance  for  contingencies  and  supervision....     1,300.00 


Total  approximate  cost   to   county    $32,500.00 

In  order  to  enable  the  Department  to  consider  the 
estimates  of  cost,  it  will  be  necessary  to  explain  the 
way  in  which  the  unit  prices  are  derived.  This  will 
not  be  necessary  for  such  items  as  excavation,  but 
whenever  a  unit  cost  is  derived  by  taking  the  sum  of 
its  component  costs,  as  would  be  the  case  with  con- 
crete in  place  (which  includes  the  price  and  cost  of 
hauling  cement,  gravel,  sand  and  stone,  cost  of  forms, 
cost  of  mixing  and  placing  concrete,  tearing  down 
forms  and  cleaning  up),  the  derivation  of  that  unit 
cost  must  be  shown.  Such  information  may  be  placed 
on  the  back  of  the  estimate  sheet,  and,  unless  they 
are  so  shown,  the  approval  of  the  plans  may  be  delayed 
at  the  Central  office. 

In  case  of  macadam  or  gravel  surfacing  the  deriva- 
tion of  the  cost  should  also  be  shown.     Some  com- 
mon derivations  are  given  below  merely  as  a  guide. 
Macadam. 

In  estimating  the  cost  of  macadam  the  engineer 
should  state  where  the  stone  is  to  be  obtained — 
whether  from  the  bins,  from  the  cars,  or  whether  it 
is  to  be  crushed  by  the  contractor. 

A  typical  detailed  cost  should  show: 

Cost  of  stcne  at  quarry  per  ton 

Freight   to  siding,   per  ton  

Multiply   l>y   9/7    to  get  cost  per  cu.    yd. 
Unloading  from  cars  to  wagon  at  10  ct.  per  cu.  yd. 
Hauling   (     )    miles*   at   25   ct.   per  mile 
Handling    (mcluding   watering   and    rollii/g   at 

20  ct.  per  cu.  yd.)  

Multiply  by  4/3   to  allow  for  compacting 

Total  cost  per  cu.  yd.  for  macadam  in  place  

For  quarry  stone  crushed  by  the  contractor,  the 
components  preceding  that  for  hauling  would  con- 
sist of: 

Price    in    ledge  per  cu.  yd 

Stripping  per  cu.  yd 

Quairying  per  cu.  yd 

0'ru.<hing  per  cu.  yd 

For  field  stone  crushed  by  the  contractor,  the  com- 
ponents preceding  the  cost  of  crushing  would  consist 
of  only: 

.stone  delivered  at  crusher  

Concrete. 

In  estimating  the  cost  for  concrete  the  total  amount 
of  each  class  should  be  determined,  and  the  cost  for 
each  class  determined  somewhat  as  follows: 
Concrete — Class  A,  1:2:4 — 

1.57  bbl.  cement 
.44  cu.  yd.  sand 
.8S  cu.  yd.  stone. 
See  "Standard  Specifications  for  Bridges,  etc." 

Cement. 

Cost  per  bbl.  at  town. 

Hauling*   (     )   miles  at  5  ct.   per  mile 

Cost  per  barrel  

Cost  for  1.57  barrels  

"Take  distance  to  midway  point  of  construction. 

Sand. 

Cost  at  bed,  per  cu.   yd. 

Haulingt  (     )  miles  at  30  ct.  per  mile. 

Cost  per  cu.  yd.  

Cost  for  .44  cu.  yd.  

Stone. 

Cost  per  cu.  yd.  loose  (same  as  macadam  detail 

as  far  as  hauling)  

Cost   for  .88  cu.   yd.  

Mixing,  per  cu.  yd.   ($1.50) 

Form  work,  per  cu.  yd.   ($2.00)  

Total  cost  per  cu.  yd.  in  place  
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Road  and  Bridge  Construction  in 
Iowa  During  Past  Four  Years 

Since  1913  the  State  of  Iowa  has  consistently  fol- 
lowed a  program  of  draining,  grading  and  perma- 
rently  bridging  its  highway.  The  results  obtained 
in  this  work  were  summarized  by  Mr.  Thos.  H.  Mac- 
Donald,  Chief  Engineer  State  Highway  Commission, 
in  a  paper  presented  lapt  August  before  the  conven- 
tion of  the  State  Association  of  County  Supervisors, 
from  which  the  matter  following  is  taken. 

At  the  close  of  1916,  7,530  miles,  or  approximately 
50  per  cent  of  the  county  road  system,  had  been  built 
to  a  natural  grade.  This  represents  for  the  most  part, 
the  work  accomplished  by  the  tractor  and  blade 
grader  crews  in  grading  the  roads  to  standard  cross 
section,  but  without  any  considerable  grade  reduc- 
tion. In  all  1,506  miles  had  been  built  to  permanent 
grades  in  accordance  with  standard  cross  sections, 
and  535  miles  had  been  surfaced.  With  the  excep- 
tion of  a  very  few  miles,  this  surfacing  has  consisted 
cf  one-course  gravel  about  10  ft.  wide,  conforming 
to  the  Class  B  specifications,  which  requires  approxi- 
mately 880  cu.  yd.  of  gravel  per  mile.  This  is  the 
minirnum  surfacing  improvement  which  the  Commis- 
sion after  a  thorough  examination  of  the  gravel  roads 
which  have  been  built,  could  specify  when  providing 
standard  plans  and  specifications  for  the  use  of  the 
counties.  During  1916,  625  miles  of  earth  roads  were 
built  to  permanent  grades  and  standard  sections,  107 
miles  were  built  to  temporary  grades,  3,680  miles 
were  built  to  natural  grades,  and  277  miles  were  sur- 
faced. Considering  the  expenditure  of  the  county 
2oad  funds,  40  per  cent  was  expended  for  permanent 
work,  16.5  per  cent  for  temporary  work,  16.6  per  cent 
for  repairs,  '11.9  per  cent  for  maintenance,  7.4  per 
cent  for  equipment  and  unused  material,  and  7.6  per 
cent  for  miscellaneous  work.  It  will  be  seen  at  once 
that  no  part  of  this  program  is  open  to  the  criticism 
of  extravagance  or  of  providing  a  class  of  roads  that 
is  not  demanded  by  the  traffic.  Even  those  who  criti- 
cise Iowa's  lack  of  surfaced  roads,  freely  admit  that 
Iowa  is  laying  the  foundation  for  any  system  of  roads 
she  might  in  the  future  wish  to  build,  by  the  grad- 
ing and  drainage  of  the  earth  roads,  which  is  now 
being  carried  forward. 

The  expenditure  during  1916  for  permanent  bridges 
and  culverts  was  59.3  per  cent  of  the  total,  for  tem- 
porary bridges  and  culverts  18.1  per  cent,  repair  work 
15.1  per  cent,  and  miscellaneous  7.5  per  cent.  Here 
again  there  has  been  consistently  followed  during 
the  years  1914,  1915  and  1916  the  policy  of  expend- 
ing as  gi-eat  a  proportion  as  possible  of  the  bridge 
funds  for  permanent  work.  In  1914  the  percentage 
for  permanent  work  was  53  per  cent;  in  1915,  61.6 
per  cent,  and  in  1916,  59.3  per  cent.  This  sound  pol- 
icy will  eventually  bring  the  same  result  for  the 
whole  state  that  it  has  for  the  individual  counties; 
that  is,  a  reduction  of  the  bridge  taxes.  Story  County, 
which  has  pursued  the  policy  of  building  as  many 
permanent  structures  as  possible,  for  a  period  dating 
back  of  the  present  road  laws,  has  reduced  the  bridge 
tax  from  a  maximum  of  5  mills  to  SVo  mills,  and  yet 
has  sufficient  funds  to  replace  with  permanent  struc- 
tures the  bridges  which  must  be  renewed  from  year 
to  year.  It  is  true  that  some  counties  have  reduced 
their  bridge  tax  arbitrarily  when  additional  funds 
were  seriously  needed  to  keep  their  bridges  from  de- 
teriorating, but  such  a  policy  is  neither  wise  nor 
economical  to  the  taxpayers.    This  is  not  the  case  in 


Story  County,  which  is  given  as  an  example  of  a 
number  of  counties  which  have  pursued  the  same 
policy,  for  this  county  has  reached  the  point  where 
the  number  of  bridges  which  must  be  replaced  each 
year  is   definitely   decreasing. 

Even  though  prices  of  material  and  labor  are  in- 
creasing and  are  more  difficult  to  obtain,  there  is 
nothing  to  justify  the  expenditure  of  a  greater  per- 
centage of  the  bridge  funds  of  the  state  on  temporary 
forms  of  construction.  Even  at  the  advanced  costs, 
permanent  bridge  construction  is  the  most  econom- 
ical to  use.  Unquestionably  there  are  those  coun- 
ties which  cannot  choose  and  which,  because  of  the 
large  number  of  bridges  requiring  replacement,  must 
resort  to  temporary  construction.  All  the  structures 
that  can  be  made  to  serve  for  a  number  of  years  by 
proper  repairs,  should  be  so  i-epaired,  and  where  the 
construction  of  large  bridges  can  be  deferred,  this 
should  be  done,  but  for  the  majority  of  the  counties, 
where  it  is  necessary  to  replace  bridges  on  improved 
roads,  permanent  construction  should  be  used.  The 
state  average  for  the  past  three  years,  of  not  less 
than  60  per  cent  of  the  bridge  funds  for  permanent 
work,  must  be  maintained. 

Viewing  road  and  bridge  building  for  the  past  four 
years  in  the  light  of  present  prices,  there  is  no  place 
where  it  appears  that  a  more  fundamental  or  eco- 
nomical program  could  have  been  formulated  and 
followed.  It  is  not  open  to  the  criticism  of  extrava- 
gance. It  is  rapidly  developing  to  give  service  to  the 
people  of  the  State  as  a  whole,  and  there  is  no  im- 
portant change  which  should  be  made  in  the  estab- 
lished program  as  a  logical  result  of  the  present  sit- 
uation. 


Prison  Labor  on  County  Road 
Work  in  Otiio 

Short-term  prisoners  from  the  county  jail  are  be- 
ing used  by  Mahoning  County,  Ohio,  on  road  con- 
.struction.  The  prisoners  are  worked  in  gangs  of 
from  10  to  20  men  under  the  care  of  guards,  one 
guard  being  assigned  to  approximately  every  10  men. 
These  guards  are  chosen  from  men  who  are  experi- 
enced in  road  construction  and  are  placed  in  charge 
of  both  men  and  work.  In  this  way  the  failure  of 
co-operation  between  the  guards  and  foremen,  that 
has  been  experienced  in  other  localities,  is  overcome. 
1  he  prisoners  are  worked  without  shackles  and  with 
as  little  show  of  restraint  as  possible.  Consequently, 
to  the  casual  traveler,  the  gangs  are  not  to  be  dis- 
tinguished from  free  laborers. 

The  results  of  the  experiment,  according  to  Mr. 
Ett  S.  Smith,  County  Surveyor,  have  been  highly 
gratifying  and  at  the  same  time  profitable.  It  is 
claimed  the  men  do  a  better  day's  work  than  most  of 
the  hired  gangs  and  there  is  no  trouble  in  keeping 
the  gang  full  as  the  jail  inmates  are  anxious  for  the 
jailer  to  assign  them  to  the  road  gangs  and  frequently 
request  that  they  be  sent  out.  As  to  escapes  they 
are  very  rare.  Naturally  some  are  to  be  expected, 
but  those  who  do  escape  are  generally  picked  up  and 
resentenced.  While  on  the  road  gang  each  man  is 
credited  with  $1.50  per  day  toward  paying  his  fine 
and  costs  and  upon  completion  of  his  term  he  is  given 
a  job  on  one  of  the  hired  gangs  if  he  so  desires. 

The  prisoners  have  constructed  two  township 
citches  of  a  total  length  of  about  1  mile;  have  resur- 
faced with  a  4-in.  waterbound  macadam  top  about  10 
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miles  of  road;  have  built,  including  grading,  about  1 
mile  of  new  improved  road  and  have  resurfaced  with 
bituminous  treatment  and  screenings  about  i6  miles. 
Besides  this  they  have  ditched  a  number  of  roads, 
shaped  berms,  excavated  for  and  laid  culvert  pipes 
t'.nd  performed  other  work. 

Mr.  Smith  states  that  under  this  plan  the  countj- 
road  department  has  been  able,  notwithstanding  the 
present  labor  conditions,  to  accomplish  more  work 
^his  year  than  at  any  other  time. 


The  Cleveland  Plan  for  Assessing 
Repaying  Costs 

The  city  of  Cleveland,  0.,  has  had  in  successful  op- 
eration for  the  last  four  years  an  interesting  plan  for 
the  assessment  of  costs  for  repaving.  Under  this 
plan  original  paving  is  paid  for  by  98  per  cent  assess- 
ment against  abutting  property,  while  the  citj'-  pays 
2  per  cent  plus  intersections.  For  repaving  within 
a  limited  period,  the  apportionment  is  50  per  cent 
to  the  property  owner  and  50  per  cent  plus  intersec- 
tions to  the  city. 

When  a  new  piece  of  work  is  authorized,  the  legisla- 
tion for  it  contains  an  estimate  by  the  Director  of 
Service  of  the  life  of  that  particular  improvement. 
If  it  has  to  be  replaced  before  the  end  of  the  time 
named,  it  is  considered  a  repaving  job  and  is  paid  for 
on  the  50-50  basis.  If,  however,  it  lasts  the  specified 
period  or  longer,  a  replacement  is  treated  as  an  orig- 
inal improvement  and  may  be  assessed  98  per  cent 
against  the  property. 

The  section  of  the  charter  regarding  this  particular 
feature  follows: 

Section  161.  E\'erj-  ordinance  passed  subsequent  to  the  adop- 
tion of  this  character,  providing  for  an  improvement  to  be  paid  for 
in  whole  or  in  part  by  special  assessments,  shall  contain  an 
estimate  by  the  Director  of  Public  Service  of  the  life  of  the 
proposed  improvement.  Any  assessments  thereafter  made  for 
replacing  such  improvement  within  such  estimated  period  of  life 
shall  be  limited  to  a  sum  not  in  excess  of  50  per  cent  of  the  cost 
of  such  replacement.  Assessments  for  replacements  at  or  after 
the  expiration  of  such  estimated  period  of  life  shall  be  subject 
to  no  limitation  except  as  provided  for  assessments  for  original 
improvements. 

The  charter  containing  the  above  provision  was 
adopted  in  1913.  Since  the  provision  would  affect 
only  those  streets  which  were  paved  after  the  charter 
went  into  effect,  another  section  was  inserted  to  cover 
the  replacing  of  existing  improvements.  This  pro- 
vided that  any  assessment  for  such  replacement  in 
less  than  15  years  from  the  date  of  a  prior  assessment 
for  the  improvement  to  be  replaced,  shall  be  limited 
to  a  sum  not  in  excess  of  50  per  cent  of  the  cost  of 
such  replacement. 


Labor  Saving  Sand  and  Gravel  Plant 

A  labor  saving  outfit  designed  for  excavating  sand 
or  gravel  from  banks  has  been  placed  on  the  market 
by  the  Ideal  Engine  Co.,  615  E.  Kalamazoo  St. 
Lansing,  Mich.  The  material  is  excavated  by  scrapers 
suspended  from  a  cable,  and  so  arranged  that  while 
one  scraper  is  digging  the  other  is  discharging  its 
load  into  a  bin,  from  whence  the  material  can  be 
loaded  direct  into  wagons  or  conveyed  by  chain 
buckets  to  screens.  The  power  for  operating  the 
scrapers  is  obtained  from  a  2-drum  hoisting  machine 
driven  by  an  8-hp.  engine.  The  only  manual  labor  re- 
quired in  excavating  is  one  man  to  operate  the  hoist 
levers. 


Increased  Radius  of  Curb  at  Street 

Intersections   Makes    for 

Quicker  and  Safer 

Turns 

street  intersections  are  too  commonly  laid  out  with 
little  thought  of  the  change  that  has  come  about  in 
vehicular  traffic.  Slightly  rounded  corners,  once  satis- 
factory, do  not  now  make  for  convenience  and  safety. 
In  the  time  of  slow-moving  horse-drawn  buggies  and 
wagons  of  short  wheel  base  they  were  satisfactory,  but 
they  do  not  meet  the  needs  of  motor  traffic. 

The  accompanying  illustration  shows  the  intersec- 
tion of  Lake  Shore  Drive  and  Division  St.,  Chicago, 


Construction  of  Long  Radius  Curve  at  Intersection  of  Lake  Shore 
Drive    and    Division    Street,    Chicago. 

where  the  original  lV2-ft.  radius  curb  has  been  re- 
placed by  one  of  about  14-ft.  radius.  The  old  curb 
had  not  yet  been  removed.  The  distance  from  the  old 
corner  to  the  new  is  7  ft.  on  one  corner  and  on  the 
ether  5  ft. 

Vehicles  turning  into  Division  St.  had  been  forced 
to  swing  out  into  the  center  of  the  street  or  beyond, 
while  the  new  curb  permits  a  vehicle  to  make  the  turn 


Sketch   Showing   Suggested    Increase   of   Radius   of   Curb    at   Street 
Intersections. 

with  only  slight  speed  reduction  and  without  passing 
over  the  center  line  of  the  street. 

The  diagram  shows  this  still  more  clearly.  Except 
at  extremely  low  speed,  a  vehicle  cannot  avoid  cross- 
ing the  center  of  the  street  in  making  the  turn  in  the 
case  of  the  old  curb,  while  the  long  radius  permits  it 
to  keep  to  the  right,  in  accordance  with  traffic  rules. 
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Suggestions  on  the  Care  of  Street 
Department  Horses 

All  district  and  stable  officers,  drivers,  hostlers  and 
stablemen  of  the  Department  of  Street  Cleaning  of 
New  York  City,  of  which  Mr.  J.  T.  Fetherston  is  Com- 
missioner, are  furnished  with  a  pamphlet,  advising 
how  to  prevent  sickness  of  horses,  how  to  determine 
sickness  and  what  to  do  for  a  sick  horse.  Directions 
also  are  given  outlining  the  proper  manner  in  which 
the  stock  is  to  be  watered  and  fed.  This  pamphlet  con- 
tains so  much  useful  information  that  it  is  reprinted 
here : 

Colics. 

Causes. — Colics  in  many  cases  are  preventable  and 
are  chiefly  due  to  improper  feeding  and  careless  water- 
ing, excessive  heat  and  humidity,  long  hard  hauls  and 
other  forms  of  abuse,  such  as  falls,  strains,  etc., 
feeding  of  new  hay  and  oats  or  grasses  or  leaves,  and 
above  all  the  feeding  of  garbage,  a  common  practice  of 
careless  drivers,  which  causes  one  of  the  fatal  forms 
of  colic  or  bowel  disorders.  Some  horses  are  subject  to 
colics  due  to  internal  causes  and  demand  special  care 
in  avoiding  the  frequency  of  the  attacks. 

How  to  Prevent. — To  avoid  colics  all  horses  should 
be  watered  before  the  feeding  of  hay,  oats  or  other 
feed.  Water  given  immediately  after  the  animal  has 
eaten  is  bound  to  set  up  stomach  trouble,  and  one 
should  be  careful  not  to  give  any  water  for  at  least  one 
and  a  half  to  two  hours  after  feeding,  and  then  no 
more  than  one  pailful.  A  large  drink  of  cold  water  on 
a  stomach  that  has  been  denied  water  for  a  very  long 
time  is  apt  to  cause  colic.  A  big  heavy  feed  in  the 
middle  of  a  hot  day  is  another  great  cause  of  colics. 
Frequent  watering  of  the  horse  during  the  day  will 
go  a  great  ways  to  prevent  sickness,  and  if  the  animal 
is  given  on  an  average  of  at  least  a  half-dozen  drinks 
or  more  during  the'working  hours,  as  water  cannot  be 
offered  too  often,  drivers  will  find  their  horses  perform 
the  work  better,  and  that  colics  and  other  horse  ills 
will  be  very  unusual. 

Hostlers,  stablemen,  drivers  and  others  should  make 
it  a  rule  to  give  every  horse  under  their  charge  all  the 
water  it  wants  in  the  morning  before  feeding,  and  un- 
der no  circumstances  allow  the  horse  any  water  im- 
mediately after  feeding.  The  same  rule  should  be  fol- 
lowed in  regard  to  the  noon  and  evening  meal.  Permit 
the  animal  to  drink  one  pail  of  water  after  the  first 
load  is  dumped  and  then  an  ample  drink  to  be  given 
after  the  dumping  of  every  load.  If  the  horse  is 
watered  in  the  above  described  manner  there  is  abso- 
lutely no  danger  of  any  harm  being  done  even  if  he  is 
very  warm,  because  one  can  readily  understand  that 
by  frequent  watering  the  animal  will  never  drink  to 
excess  at  any  time,  hence  the  danger  is  reduced  to  a 
minimum. 

When  the  horse  arrives  at  the  stable  at  the  end  of 
the  day's  work,  if  the  driver  has  been  honest  with  his 
horse  and  has  given  him  water  as  often  as  outlined,  he 
may  lead  it,  warm  or  otherwise,  to  the  trough  and  per- 
mit it  to  partake  of  another  drink  before  entering  the 
stall.  But  if  the  driver  has  been  unable  to  give  the 
horse  its  supply  of  water  during  the  working  hours, 
he  must  be  cautious  and  not  allow  it  more  than  a  half- 
dozen  swallows  of  water  which  will  hasten  the  cooling 
process,  and  when  the  animal  has  been  cooled  off 
properly  it  may  have  an  unstinted  supply  of  water, 
but  same  must  be  given  before  any  hay,  oats  or  other 
feed. 

Watering  the  horse  during  the  early  part   of  the 
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if  the  horse  had  had  a  sufficient  supply  during  the  day 
when  it  is  needed  the  most.  Water  given  during  the 
night  interferes  with  the  digestion  of  the  large  bellyful 
of  hay  and  oats  which  the  animal  has  eaten  earlier  in 
night  is  extremely  dangerous  and  really  unnecessary 
the  evening.  Therefore  avoid  giving  the  horse  water 
until  morning,  and  then  as  herein  described. 

Feeding  a  large  meal  in  the  middle  of  a  hot  day 
often  does  great  harm,  and  it  would  be  better  to  cut 
the  allowance  in  half,  or  in  fact  in  some  cases  the 
horse  would  do  better  without  any  dinner.  Trotting  a 
horse  immediately  after  feeding  or  drinking  will  cause 
indigestion  and  scouring,  and  will  tend  to  bring  about 
heat  exhaustion  and  colics. 

How  to  Tell. — Symptoms  of  colic  are  very  plain.  The 
animal  paws  with  the  front  feet,  raises  hind  feet  to 
kick  at  stomach,  stretches  out,  humps  up  its  back,  lies 
down  and  rolls,  looking  at  either  side  of  its  body, 
sweats  freely  and  often  its  belly  increases  in  size 
rapidly. 

What  to  Do. — When  a  driver  notices  these  signs  he 
must  notify  his  stable  at  once  before  moving  the  horse 
any  further,  and  await  instructions  from  those  in 
charge  of  the  stable. 

Azoturia. 

Causes. — Azoturia  or  so-called  Spinal  Meningitis  is 
a  disease  which  attacks  only  those  horses  that  are  in 
the  very  best  physical  condition,  and  there  is  absolute- 
ly no  excuse  for  any  horse  developing  this  disease. 
When  a  horse  is  attacked  by  Azoturia  it  is  usually  due 
to  downright  carelessness  on  the  part  of  the  attend- 
ants or  misleading  advice  as  to  the  method  of  preven- 
tion. 

Prevention  of  this  most  fatal  disease  lies  in  restrict- 
ing the  diet,  and  at  the  same  time  allowing  the  horse 
sufficient  exercise.  Any  horse  in  good  physical  con- 
dition that  is  suddenly  allowed  one  or  more  days'  idle- 
ness is  apt  to  develop  an  attack  of  Azoturia  when  its 
diet  or  feed  has  not  been  reduced,  nor  the  animal  exer- 
cised accordingly.. 

How  to  Prevent. — Horses  in  good  physical  condition 
that  are  allowed  to  stand  in  stable  on  account  of  holi- 
days, lack  of  work,  rest,  shoeing,  sore  necks,  breasts, 
or  backs,  lameness,  etc.,  or  any  cause  of  a  non- 
debilitating  character,  must  be  promptly  placed  on  a 
sloppy  bran  mash  diet  of  3  quarts  to  which  is  added  2 
to  3  ounces  of  salt.  This  bran  mash  to  be  given  only 
in  the  morning  and  evening.  No  noon  meal.  In  addi- 
tion to  the  above  ration  the  animal  is  allowed  not  more 
than  5  lb.  of  hay,  and  that  to  be  given  only  at  night. 
Regarding  exercise,  15  minutes'  walking  is  not  suf- 
ficient for  the  majority  of  horses;  they  must  be  exer- 
cised thoroughly  every  day  and  stirred  up  until  they 
appear  warm  and  have  emptied  themselves  of  manure. 
In  such  cases  where  the  animals  cannot  be  exercised, 
owing  to  lameness,  etc.,  they  must  be  physicked  out 
properly  before  preparing  them  for  work.  In  fact,  any 
horse  while  under  the  above  conditions  of  rest  that 
seems  to  have  gained  in  weight  should  receive  a 
physic  ball. 

The  idea  to  be  kept  in  mind  is  that  it  is  better  for  a 
horse  in  good  condition  to  lose  5  to  10  pounds  than  to 
gain  one-quarter  of  a  pound  when  idle.  Any  time  the 
amount  of  nutrition  exceeds  the  amount  of  waste  in 
the  horse  at  rest,  it  will  predispose  him,  without  doubt, 
to  an  attack  of  Azoturia. 

If  one  is  careful  in  dieting,  exercising  and  physick- 
ing the  horse  in  fine  condition,  during  a  sudden  period 
of  idleness,  even  if  it  is  only  a  half  day,  Azoturia  will 
be  a  strange  disease  in  that  stable. 

Any  variation  in  the  above  system  of  prevention  in 
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the  individual  horse  must  not  be  made  until  the  attend- 
ing Veterinarian  is  consulted. 

How  to  Tell. — Symptoms  of  Azoturia  develop  in  a 
horse  that  has  been  given  a  sudden  rest  ranging  any- 
ways from  a  half  day  or  more;  it  may  show  the  signs 
during  the  exercising  or  shortly  after  leaving  the 
stable  for  work.  The  horse  feels  very  fresh  and  spirit- 
ed, when  it  suddenly  shows,  as  a  rule,  a  slight  lame- 
ness or  knuckling  of  one  hind  leg,  giving  the  driver 
the  impression  that  the  horse  picked  up  a  nail  or 
wrenched  its  ankle.  The  animal  is  perspiring  freely, 
and  it  may,  at  first,  look  like  an  attack  of  colic.  If  it 
becomes  excited  or  the  driver  continues  on  his  way  the 
lameness  becomes  intensified,  the  hind-quarter  falling 
lower  at  each  step,  until  finally  the  animal  falls,  with 
either  or  both  legs  affected,  and  as  a  rule  is  unable  to 
rise. 

What  to  Do. — The  time  for  the  driver  act  is  at  the 
first  sign  of  lameness  or  knucking  of  either  hind  leg. 
He  must  stop  promptly  where  he  is,  unhook  the  horse, 
keeping  it  perfectly  quiet,  and  under  no  circumstances 
attempt  to  walk  the  horse  any  further  either  to  the 
stable  or  elsewhere.  He  must  notify  the  stable  at  once 
and  wait  until  the  officers  in  charge  procure  an  am- 
bulance or  other  vehicle  to  take  the  animal  home,  no 
matter  how  slight  the  attack  appears.  Many  horses 
can  be  saved  if  the  driver  is  on  the  alert  and  does  not 
attempt  to  push  the  horse  any  further;  in  fact,  after 
the  animal  has  been  unhooked  it  may  be  at  ease  and 
show  no  excitement,  and  in  such  cases  it  would  be 
just  as  well  to  delay,  for  a  while,  in  moving  the  horse 
by  ambulance  or  otherwise,  because  leading  him  into 
the  conveyance  may  bring  about  another  fit  of  excite- 
ment which  in  turn  will  aggravate  the  disease. 
Sunstroke,  Heat-Stroke  or  Heat  Exhaustion. 

Causes. — In  medicine  there  is  a  difference  between 
sunstroke  and  heat-stroke,  but  for  the  drivers,  hos- 
tlers, stablemen  and  others  concerned,  it  is  not  neces- 
sary to  outline  the  two  conditions  separately,  but  class 
them  as  one  disease. 

There  are  many  horses  that  are  classified  as  "Poor 
Heat  Horses"  on  account  of  their  inability  to  stand  the 
hot  weather.  Animals  of  this  type  must  be  worked 
very  cautiously  during  a  hot  spell,  and  whenever  pos- 
sible should  be  kept  at  rest  during  the  hottest  time  of 
the  day.  It  would  be  safer  for  such  horses  to  be 
worked  at  night. 

Lack  of  water,  heavy  feeding,  overloading,  long 
hard  hauls,  trotting  under  the  hot  sun  or  on  a  hot 
humid  day  will  cause  heat-stroke. 

How  to  Prevent.— Frequent  watering  administered 
in  the  manner  described  under  the  heading  of  "Colics" 
will  tend  to  prevent  attacks  of  heat-stroke. 

To  prevent  heat-stroke,  those  in  charge  of  the  horse 
should  sponge  the  head  with  cold  water  often,  keep 
the  animal  in  the  shade  as  much  as  possible,  feed  and 
rest  him  under  the  same  condition,  water  him  fre- 
quently during  the  working  hours,  and  allow  cold 
water  to  run  on  his  head  whenever  he  seems  to  blow 
too  much.  During  a  very  hot  spell  the  careful  attend- 
ant will  reduce  the  heavy  noon  meal  of  the  horse  and 
allow  it  a  rest  of  two  hours  at  the  same  time. 

Never  shower  the  heated  animal's  body  with  cold 
water  because  the  shock  from  same  will  stop  the 
glands  of  the  skin  from  performing  their  proper  func- 
tions in  getting  rid  of  the  excessive  he'at  that  is  within 
the  system;  water  on  the  animal's  body  tends  to 
interfere  with  the  perspiration,  through  which  the 
blood  gives  off  the  great  heat.  Horses  that  do  not 
sweat,  blow  hard,  and  are  ready  subjects  for  heat- 
stroke, because  the  principal  route  for  getting  rid  of 


the  increased  heat  is  shut  off.  Therefore  in  those 
cases,  by  placing  the  horse  in  a  shady  spot  and 
blanketing  him,  the  sweat  glands  are  encouraged  to 
work,  and  in  this  way  the  temperature  of  the  body  is 
reduced.  In  addition,  cold  water  or  cracked  ice  can  be 
applied  to  the  top  of  head  and  well  into  the  rectum  or 
under  the  flanks  in  the  region  of  the  large  blood  ves- 
sels. It  is  not  advisable  to  shower  the  body  with  cold 
water  not  only  for  reasons  explained  above,  but  also 
on  account  of  the  danger  of  causing  Founder  or 
Laminitis.  Other  forms  of  heat-stroke  that  show  a 
skin  wet  with  perspiration  do  not  require  blanketing, 
but  are  entitled  to  shade,  with  cold  water  or  ice  ap- 
plications to  head,  rectum  and  under  flanks. 

It  must  be  remembered  that  sponging  the  horse's 
body  with  cold  water  after  he  has  cooled  out  thor- 
oughly, is  not  only  refreshing  but  very  invigorating  if 
the  skin  is  properly  scraped  after  the  sponging. 

During  the  hot  summer  the  stable  must  have  perfect 
ventilation,  and  those  in  charge  at  night  must  keep  a 
close  watch  for  any  horses  that  show  signs  of  depres- 
sion in  the  stall,  because  if  such  animals  are  over- 
looked they  will  surely  succumb  to  the  intense  heat  of 
the  following  day,  if  put  to  work. 

How  to  Tell. — The  symptoms  of  sun  or  heat-stroke 
sometimes  appear  suddenly,  animal  may  stagger  and 
fall  either  unconscious  or  in  a  delirium,  with  or  with- 
out bloating.  Cold  perspiration  may  appear  in  small 
patches  on  the  skin  and  the  breathing  is  very  noisy; 
or  the  horse  may  require  urging  before  the  driver 
notices  that  there  is  a  weakness  of  the  gait  with  very 
rapid  breathing  or  blowing.  Ofttimes  the  skin  is  dry 
and  free  from  perspiration,  animal  staggers,  nostrils 
dilated,  eyes  bloodshot,  heart  pounds  swiftly  against 
the  chest  wall,  bod5'  trembles,  and  animal  finally  falls, 
often  making  ineffectual  efforts  to  rise,  and  its  mouth 
and  tongue  are  very  hot  to  the  touch. 

What  to  Do. — Driving  on  a  hot  day  the  careful 
driver  will  be  very  watchful  of  his  horse  in  trying  to 
save  him  from  severe  attacks  of  heat-stroke  by  keep- 
ing him  in  the  shade  whenever  possible,  watering, 
feeding  and  resting  him  properly,  never  trotting  or 
abusing  the  animal,  and  as  the  first  indication  of 
suffering  from  the  heat  will  stop  and  unhook  the  horse, 
place  it  in  the  shade,  and  promptly  apply  cold  applica- 
tions to  the  head,  etc.  He  must  notify  his  stable  at 
once  and  not  move  the  animal  until  ordered  by  the 
proper  officers. 

Injuries,  Lameness  and  Other  Ailments. 

If  a  horse  goes  lame  from  a  fall,  or  if  it  shows  a 
sudden  lameness,  the  driver  must  unhook  the  animal 
and  examine  its  foot  for  nails,  etc.  If  possible  he 
should  report  the  lameness  to  the  officer  of  the  district 
and  promptly  notify  the  stable  for  instructions.  The 
drivers,  hostlers  and  stablemen  must  report  to  the 
stable  foreman,  or  others  in  charge,  all  sore  backs, 
necks,  or  breasts,  scratches,  sore  ankles  or  fetlocks, 
lameness  however  slight,  wounds,  cuts,  accidents,  falls 
and  injuries  that  happen  or  develop  in  the  horse  while 
at  work  or  in  the  stable;  also  any  change  in  the  ani- 
mal's disposition,  such  as  drooping  of  head,  weakness, 
dulness,  coughing,  blowing,  off  feed  or  drink,  condi- 
tion of  manure  and  urine;  in  fact,  anything  the  driver 
or  stable  employe  may  notice  out  of  the  ordinary  in 
the  horse  under  his  care. 

All  dumps  will  be  supplied  with  a  first-aid  outfit  of 
surgical  dressing,  to  dress  cuts,  wounds  or  injuries 
that  may  occur  to  the  horse  at  or  near  the  dumps.  The 
officers  at  the  stable  must  instruct  the  drivers  how  to 
apply  the  dressings  and  bandages. 
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Bids  Asked 


Roads  =  Streets 


Ark.,    Little    Rock— Until    10   a.    ra..    Oct. 

10,  by  the  Mayor,  for  40,000  sq.  yds.  as- 
phalt or  concrete  paving  tor  Street  Im- 
provement District  No,  261.  Lund  and  Hill, 
527  Southern  Trust  Bldg.,  Little  Rock,  Ark., 
Architects. 

Cal.,  Modesto— Until  Oct.  9,  by  H.  Ben- 
.son.  Clerk.  Stanislaus  County,  for  con- 
structing 16. S7  miles  of  concrete  pavement, 
2.28  miles,  Hickman-Thalheim  Road,  8.22 
miles  Waterford  Road,  and  5.57  miles  on 
Oakdale-Watertord   Road. 

Cal.,  Visalia— Until  2  p.  m.,  Oct.  5,  by 
Board  of.  Supervisors,  Tulare  County,  for 
improving  four  sections  of  county  highway 
as  follows:  8  miles,  Exeter-Merryman 
Highway,  10  miles  Dinuba-Kingsburg  High- 
way, 7  miles  Tulare-Paige  Highway  and 
11.5  miles  Portervile-Woodville  Highway. 

Fla.,  Pensacola — Until  Oct.  S  (re-adver- 
tisement) by  Bureau  of  Yards  and  Docks, 
Treasury  Department.  Washington,  D.  C 
for  constructing  concrete  road  and  culvert. 
Fla.,  Tallahassee— Until  Oct.  13,  by  B. 
E.  Reed,  County  Engineer,  for  construct- 
ing six  miles  of  \Voodv;lle  Road,  and  four 
iTiiles  of  Chaires  and  Capitola  Road,  ex- 
tension to  Jefferson  County  line,  4  miles, 
sand   clay. 

Fla.,  Tampa — Until  11  a.  m.,  Oct.  16,  by 
J.  G.  Yeats,  Chairman.  Board  of  County 
Commissioners.  Hillsborough  County,  for 
constructing  approximately  fifty-four  miles 
of  hard  surface  roads. 

Ida.,  Nez  Perce — Until  Oct.  8  by  County 
Commissioners  for  constructing  8,500  ft.  of 
16-ft.  highway  known  as  Nez  Perce-Green 
Creek   Highway. 

III.,  Custerpark — Until  2  p.  m.,  Oct.  6, 
by  B.  T.  Yeates.  Highway  Commissioner, 
Custer  Twp.,  for  constructing  l.SOO  ft.  of 
macadam  road  in  the  northeast  %  of  Sec- 
tion   29    known    as    the    River    Road. 

III..  Mendota— Until  Oct.  8,  by  Board  of 
Local  Improvements,  for  paving  several 
streets  with  iirick  on  5-in.  concrete  foun- 
dation and  cement  grout  filler.  Total  esti- 
mated cost,  $.16,100.  C.  Wedner,  City 
Clerk. 

Ind.,  Indianapolis — Until  10  a.  m.,  Oct. 
S,  by  Board  of  Public  Works,  for  paving 
Julian.  Spencer  to  Hawthorne,  construct- 
ing sidewalks  on  Julian.  Spencer,  North 
Side  .ind  Butler.  South  Side  to  Hawthorne, 
la.,  Des  Moines — Until  Oct.  8  (re-adver- 
tisement) by  City  Clerk  for  paving  Beaver 
Ave. 

la.,  Dubuque — Until  S  p.  m..  Oct.  4,  by 
J.  J.  Shea,  City  Recorder,  for  impro\ing 
Cora  St.,  involving  1,970  sq.  yds.  of  mac- 
adam, 1.355  lineal  ft,  of  cement  curb  and 
gutter,  130  sq.  ft.  of  cement  gutter.  220 
cubic  yds.  of  filling,  and  1,480  cu.  yds.  of 
cutting. 

Ky..  Pikeville— Until  Nov.  5,  by  City 
Olerk.  for  pavin.^  streets.  Estimated  cost, 
§30,000. 

Minn.,  St.  Paul— ITntil  10:30  a.  m.,  Oct. 
S.  by  H.  W.  -Vustin.  Purchasing  Agent,  foi- 
grading  Clifford  Ave.,  Mackubin  St.,  Ivy 
St.,   and  Mount   Curve  Bivd. 

Mich.,  Grosse  Pointe  Park— Until  8:30 
p.  m.,  Oct.  11,  by  Village  Clerk,  Village 
Hall,  Jefferson  and  Beaconfield  Aves.,  for 
furnishing  material  and  paving  Wayburn 
Ave.  with  brick.  Thomas  M.  Campau, 
Village  Engineer. 

Minn..  St.  Paul— Until  10:30  a.  m.,  Oct. 
S,  by  H.  W.  Austin,  Purchasing  Agent,  for 
grading  Mount  Curve  Blvd.,  alley  in  Block 
2.  Merriam's  Fifth  addition.  Ivy  St..  grad- 
ing and  improving  Carbon  St.,  grading 
Mackubia  St.,  grading  and  improving  Ames 
Ave.,  and  Alley  in  Block  3.  Roblyn  Park. 
Minn.,  St.  Paul— Until  10:30  a.  m.,  Oct. 
8.  by  H.  W.  Austin.  Purchasing  Agent. 
City  Hall,  for  furnishing  material  and 
.grading  Clifford  Ave.,  from  St.  Anthony 
to    Columbus   Ave. 

Minn.,  St.  Paul— Until  10:30  a.  m.,  Oct. 
15,  by  H.  W.  Austin.  Purchasing  Agent. 
City  Hall,  for  furnishing  material  and 
grading  alley  in  H.  M.  Ranney's  sub-divi- 
.«iion  Block  101.  Lyman  Dayton'.s  Addition: 
grading    Kent     St.,     gi'ading     and     curbing 


Greenwood  Ave.,  grading  Bison  Ave.,  Sue 
St..  graveling  Tatum  Ave.,  grading  alley 
in  subdivision  of  Block  28,  Arling  Hills  Ad- 
dition; gi-ading  Vance  St..  grading  alleys 
in  Block  52,  Desnover  Park,  grading  Haw- 
thorne St..  Hartford  Ave.,  Hillis  Ave.,  and 
curbing  Maryland  St. 

Mo.,  Maryville— Until  7:30  p.  m.,  Oct.  5, 
by  Board  of  Aldermen,  for  constructing 
cement  sidewalks.  E.  J.  Howland,  City 
Clerk. 

Neb.,  Wahoo — Until  noon.  Oct.  5,  by  Jo- 
seph B.  Hines,  County  Clerk,  Saunders 
County,  Court  House,  for  grading  approxi- 
mately 5.000  ft.  road,  involving  19,000  yds. 
earthwork.     Total  estimated  cost,   ?3,800. 

N.  J.,  New/ark— Until  3:30  p.  m..  Oct.  4. 
by  Board  of  Street  and  Water  Commis- 
sioners for  furnishing  material  and  paving 
Bay  Ave.,  involving  10,200  sq.  yds.  of  old 
granite  block  pavement  with  new  cinder 
ifiller  and  laid  on  the  present  cinder  em- 
bankment as  a  foundation.  9,000  lin.  ft. 
quarr.v  cut  bluestone  header  set  without 
concrete  to  be  not  less  than  16  ins.  deep 
by  4  ins.  wide.  M.  R.  Sherrerd,  Chief  En- 
gineer. 

N.  J..  Paterson— Until  Oct.  24,  by  Board 
of  Freeholders,  Passaic  County,  for  im- 
proving 2^4  miles  of  Union  Ave.  G.  Fer- 
gu.son.  County  Engineer. 

N.  Y.,  Yorkville— Until  noon,  Oct.  9,  by 
W.  W.  Wotherspoon,  Superintendent  of 
Public  Works,  Capital  Bldg.,  Albany,  N.  Y.. 
for  constructing  approaches  for  foot  and 
vehicular  traffic  on  the  south  side  of 
Erie  Canal  to  the  bridge,  also  grading  and 
paving  same. 

Ohio,  Cleveland — Until  noon,  Oct.  10,  by 
Commissioner  of  Purchases  and  Supplies. 
305  City  Hall,  for  paving,  draining  and 
improving  Edgewater  Cliff  Boulevard  with 
bitulithic  wearing  surface  on  concrete  base 
or  with  4-in.  brick  on  concrete  base  built 
monolithic. 

Ohio,  Cleveland — Until  noon,  Oct.  10.  by 
Commissioner  of  Purchases  and  Supplies, 
305  City  Hall,  for  surfacing  West  Boule- 
\ard  from  Lake  to  Clinton  Blvd.,  with 
bitulithic  or  asphaltic  cement  wearing 
surface. 

Ohio,  Cleveland — Until  noon,  Oct.  10,  by 
Commissioner  of  Purchases  and  .Supplies. 
Room  219  City  Hall,  for  grading,  draining, 
curbing  and  paving  and  improving  West 
S2nd  St.  and  grading,  draining  and  im- 
proving  West   105th    St. 

Ohio,  Columbus — Until  2  p.  m.,  Oct.  12, 
by  Clinton  Covven.  State  Highway  Commis- 
sioner, for  improving  Dayton -Greenville 
Road  in  Darke  County,  in  Neave.  Green- 
ville and  Van  Buren  Twps.  by  grading 
roadway,  constructing  bridges  and  culverts 
and  paving  with  concrete;  pavement  16 
ft.  wide  and  roadway  26  ft.  wide,  2.63  miles 
in  length.  Total  estimated  cost  .of  con- 
struction.   $66,181. 

Ohio,  Columbus — Until  2  p.  m..  Oct.  4, 
by  Clinton  Cowen.  State  Highway  Com- 
niissioner  for  improving  Section  M  and  O 
of  the  Columbus  Sandusky  Road  in  Frank- 
lin County.  Clinton  Twp..  by  repairing 
culverts,  grading  roadway  and  paving  with 
brick  on  a  concrete  foundation.  21.5  ft.  of 
pavement.  26.5-ft.  roadway.  1,198  ft.  in 
length.     Total  estimated   cost,   $10,356. 

O.,  Germantown — Until  noon,  Oct.  10,  by 
Chester  A.  Eby,  Clerk.  Village  Council, 
for  furnishing  material  and  constructing 
combined  curb  and  gutter  and  paving 
roadway  with  Tarvia  bound  macadam  or 
its  equal  on  West  Market  St.  (Advertise- 
ment  in   this   issue.) 

Ohio,  Lakewood — Until  noon,  Oct.  8,  by 
Wm.  Bayne.  Director  of  Public  Service, 
for  furnishing  material  and  constructing 
sidewalk  in  Carabell  Ave.,  grading  and 
sidewalks    m    Hilliard   Ave. 

Ohio,  Williamsburg — Until  2  p.  m..  Oct. 
5.  by  Village  Council  at  the  Mayor's  Of- 
fice, for  furnishing  material  and  construct- 
ing  concrete    sidewalks    in    village.  , 

Ohio,  Woodstock— Until  3  p.  m.,  Oct. 
G,  by  Rush  Township  Trustees,  for  grad- 
ing "and  constructing   sidewalks. 

Pa.,  Butler— Until  noon,  Oct.  8.  by  W. 
^Tarks  Starr.  Clerk,  County  Commission- 
ers, Butler  County,  for  removing  old  stone 
curb,  redressing  and  resetting  same,  re- 
moving old  flagstone  sidewalk  and   placing 


new  concrete  sidewalk  along  the  line  of 
Main  St. 

Pa.,  Glassport — Until  7  p.  m.,  Oct.  8, 
by  Borough  Council,  for  repaying  Indiana 
Ave.     P.    .S.    Mc.MuUen,    Borough    Engineer. 

Pa.,  Williamsburg — Until  8  p.  m.,  Oct. 
.■5,  by  Frease  and  .Sperling,  Borough  Engi- 
neers, Carl  Building,  for  constructing  con- 
crete walks  involving  approximately  15,- 
000    sq.    ft.,   in   borough. 

W.  Va.,  Clarksburg— Until  S  p.  m.,  Oct. 
12,  by  L.  A.  Hess,  tor  paving  Stealey  St.. 
Holland  Ave.,  Magnolia  Road,  Traction 
St.,  4th  St.,  Lynn  Ave.,  involving  approxi- 
mately 7,600  sq.  yds.  brick  paving.  6,000 
lin.  ft.  concrete  curb.  Total  estimated  cost. 
$15,000.  ,C.  C.  Fittro,  Engineer,  Stealey 
.Heights,    Clarksburg.    W.    Va. 

W.  Va.,  Wayne— Until  1  p.  m.,  Oct.  13, 
by  Sam  J.  Crum,  Clerk,  County  Court  of 
Wayne  County,  for  constructing  road  at 
head  of  Whites  Creek  in  Union  District, 
and  constructing  two  fills  on  Mill  Creek  in 
Butler    District. 

Wis.,  West  Allis— Until  Oct.  6,  by  City 
Clerk,  for  grading  Lincoln  Ave.  and  Georte 
St.     E.    E.   Orbert.   City   Engineer. 


Bridges 


Ariz.,  Leupp — Until  2  p.  m.,  Oct.  25,  by 
Department  of  Interior,  Office  of  Indian 
.\ffairs.  Washington.  D.  C.  for  fuimishing 
material  and  constructing  two  highway 
bridges. 

Cal.,  Sacramento — Until  2  p.  m.,  Oct.  15, 
by  California  Highway  Commission,  515 
Forum  Bldg..  Sacramento,  for  construct- 
ing three  seinforced  concrete  bridges 
across  Castle,  Mears  and  Flume  Creek, 
Shasta  County,  120  ft.,  45  ft.  and  30  ft. 
long,  involving  555  cu.  yds.  Portland  ce- 
ment concrete.  Class  "A,"  241  cu.  yds. 
Portland  cement  concrete.  Class  "B,"  46.- 
120  lbs.  reinforcing  steel,  hauling  and  plac- 
ing, and  240  lin.  ft.  pipe  rail,  hauling  and 
placing.  Austin  B.  Fletcher,  Highway  En- 
gineer. 

Cal.,  Ventura— LTntil  11  a.  m.,  Oct.  16. 
by  Board  of  Supervisors,  for  constructing 
reinforced  concrete  culvert  on  Foothill 
Road,  about  1%  miles  east  of  here,  known 
as  Ready  culvert,  involving  47  cu.  yds. 
Class  B  concrete.  8  cu.  yds.  grouted  boul- 
ders, 2,635  lbs.  reinforcing  steel,  160  lin. 
ft.  of  standard  guard  fence  20  ft.  30-in. 
and  IS  ft.  24-in.  corrugated  metal  pipe 
and   340   cu.    yds.    excavation. 

Cal.,  Ventura— Until  11  a.  m.,  Oct.  16. 
by  Board  of  Supervisors,  for  constructing: 
reinforced  concrete  culvert  on  Telegraph 
Road,  involving  59  cu.  yds.  Class  B  con- 
crete. 2,430  lbs.  reinforcing  steel.  80  lin. 
ft.  guard  fence.  18  ft.  30-in.  and  18  ft. 
IS-in.   corrugated  metal   pipe. 

Ga.,  Oglethorpe— Until  11  a.  m.,  Oct.  10. 
by  F.  J.  Frederick.  Chairman.  Commis- 
sioners of  Macon  County,  for  furnishing 
material  and  constructing  five  reinforced 
concrete  bridges:  Beaver  Creek,  at  Mon- 
lezuma;  Buck  Creek,  near  Oglethorpe: 
Whitewater  Creek,  near  Oglethorpe:  White- 
water Creek,  at  Ideal,  and  Hog  Crawl 
Creek,  near  Dooling.  Arthur  Pew,  Con- 
sulting Engineer.  Forsyth  Theater  Bldg., 
.\tlanta.    Ga. 

III.,  Carlyle- Until  1:30  p.  m.,  Oct.  13. 
by  J.  T.  Goldsmith.  County  Superintend- 
ent of  Highways.  Carlyle.  for  constructing 
reinforced  concrete  bridge  with  plain  con- 
crete abutments  to  be  built  between  sec- 
tions 10  and  15  in  Santa  Fe  Twp..  Clinton 
County,  known  as  Lutz  bridge.  16-ft.  span. 
]6-ft.  roadway.  7H  ft.  overall,  involving 
46.5  cu.  yd.  concrete,  2,730  lb.  reinforcing 
steel. 

III.,  Marion— Until  9  p.  m.,  Oct.  8.  by  P. 
B.  Wilson,  County  Superintendent  of  High- 
ways, for  constructing  Dorris.  reinforced 
concrete  bridge,  between  sections  2  and 
3  in  Lake  Creek  Twp..  Williamson  County 
35-ft.  span.  16-ft.  roadway  and  17-ft.  over 
all.  involving  115.5  cu.  yd.  concrete  and 
13.590  lb.  reinforcing  steel.  491  lb.  cast 
iron  rockers  and  steel  plates,  1,700  cu.  yd. 
excavation.      Total    estimated    cost,    $3,510. 

Ind..  Portland— Until  2  p.  m.,  Oct.  fi.  by 
John   Bonifas,   County   Auditor,    Jay    Coun- 
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What  is  "Actual  Cost"  on  a  Force 
Account  Job? 

Many  public  works  contracts  provide  that  any 
extra  work  may  be  done  by  force  account,  the  con- 
tractor receiving  "actual  cost  as  estimated  by  the 
engineer  plus  15  per  cent  for  profit."  Comment  on 
such  a  contract  was  made  by  Mr.  E.  T.  Thurston  in 
our  last  Waterworks  and  Hydraulics  Monthly  issue 
(,Sept.  12,  p.  211).  Mr.  Thurston  stated  that  on  a  cer- 
tain sewer  job  the  city  engineer  interpreted  the  "ac- 
tual cost"  to  mean  the  cost  exclusive  of  general  su- 
perintendence and  plant,  when,  as  a  matter  of  fact, 
these  general  expenses  totaled  ISVi  per  cent  of  the 
cost  of  labor  and  materials.    Mr.  Thurston  said: 

It  i.s  a  not  uncommon  notion  of  engineers  and  architects  that 
a  13  per  cent,  or  even  a  10  per  cent,  allowance,  over  and  aljovti 
actual  cost  of  labor  and  material,  is  ample  to  cover  seneral  ex- 
pense and  profit  on  extra  work.  As  a  rule  extra  work  imptfse-5 
on  ihe  contractor  trouble  and  expense  out  of  proportion  to  the 
average  for  the  job  and  the  fact  cannot  be  too  clearly  impressed 
upon  the  minds  of  ens^ineers  and  architects  that  it  is  this  general 
annoyance  and  expense  that  entitles  him  to  a.  fair,  clear  profit 
over  all  estimable  items  of  expense  entering  into  the  work. 

Unfortunately  the  wording  of  extra  work  clauses 
in  contracts  is  often  ambiguous  and  seldom  suffi- 
ciently definite  as  to  the  meaning  of  the  term  "actual 
cost."  If  only  small  tools  and  no  expensive  plant  are 
lo  be  used,  it  is  not  unusual  to  specify  that  remunera- 
tion for  the  interest,  depreciation  and  repair  costs 
on  the  plant  shall  be  covered  by  the  percentage  al- 
lowed for  profit;  but  where  the  investment  in  the 
plant  is  considerable,  it  is  common  practice  to  specify 
a  daily  or  monthly  rental  price  to  be  allowed  to  the 
contractor  for  the  plant  as  a  whole  or  for  each  of  the 
plant  units. 

General  supervision  and  general  oflice  expenses  are 
usually  paid  for  in  the  percentage  allowed  for  profit, 
where  the  job  is  a  large  one;  but  on  small  jobs  the 
salary  of  general  superintendent  is  usually  included 
as  part  of  the  "actual  cost."  It  is  quite  important  to 
specify  what  "overhead"  or  "general"  expenses  are 
to  be  included  in  the  "actual  cost"  and  what  are  to 
be  included  in  the  percentage  allowed  for  "profit." 
Thus,  office  rent,  bookkeeping,  and  the  like,  should 
be  specifically  included  or  excluded  from  the  item  of 
"profit." 

Mr.  Thurston  is  right  in  saying  that  engineers 
commonly  underestimate  the  items  of  overhead  costs. 
This  is  particularly  the  case  on  small  jobs  and  where 
bad  weather  makes  it  impracticable  to  work  continu- 
ously. Superintendents'  salaries  and  office  expenses 
go  on  continuously,  rain  or  shine,  and  often  during 
the  interim  between  the  finishing  of  one  contract  and 
ihe  beginning  of  another.  The  writer  has  frequently 
had    fair-sized   "profits"   wiped   out   entirely    by    the 


overhead  expenses  during  bad  w-eather  and  the  inter- 
ims  between   contracts. 


Calking  Pipe  Joints  with  Air 
Hammers 

,  In  these  days  of  labor  scarcity  many  new  uses  are 
l>eing  found  for  old  tools  and  devices.  Thus,  com- 
pressed air  hammers  have  been  found  economic  for 
calking  the  joints  of  cast  iron  pipe  where  hand  labor 
would  have  been  employed  a  few  years  ago. 

It  is  stated  that  with  a  small  air  compressor  driven 
by  an  8-h.p.  gasoline  engine,  two  pneumatic  ham- 
mers will  drive  home  the  oakum  and  lead  in  600  ft. 
of  12-in.  pipe  per  day.  The  compressor  is  moved  for- 
v,'ard  at  the  end  of  each  day's  run. 

As  shown  in  previous  articles,  air  hammers  are 
tools  that  are  very  useful  in  removing  brick  pave- 
ments and  in  chipping  the  mortar  or  bituminous  filler 
from  the  bricks  after  their  removal.  The  same  gen- 
eral type  of  tool  is  largely  used  for  drilling  rock  in 
trench  work.  Hence  there  are  many  water  works 
that  should  have  a  small  air  compressor  and  its  ac- 
cessory tools. 


Waterworks  Superintendents 
Should  Learn  to  Make  Bac- 
teriological Tests  of 
Water 

The  average  man,  even  when  well  educated,  regards 
a  •  knowledge  of  bacteriology  as  an  accomplishment 
possible  only  by  long  study  and  careful'  technical 
training  in  a  college.  Therefore  it  will  surprise  most 
of  our  subscribers  to  learn  that  any  water  works 
superintendent  can  succcessfully  make  bacteriologi- 
cal tests  after  a  few  days  of  training  under  an  ex- 
pert and  with  the  aid  of  two  or  three  books. 

In  our  last  Waterworks  and  Hydraulics  Monthy 
issue,  Mr.  Ray  C.  Werner,  Chemist  of  the  Georgia 
State  Board  of  Health,  stated  that  for  every  water- 
works plant  there  should  be  frequent  bacterial 
counts  made  by  some  one  located  at  the  plant,  and 
that  for  small  plants  the  superintendent  should  be 
the  "some  one"  to  do  the  sampling  of  the  water  and 
the  counting  of  the  microbes  in  it.  With  a  laboratory 
equipment  costing  only  $125,  a  superintendent  can 
conduct  bacterial  counts  and  tests  for  B.  Coli. 

Every  conscientious  and  ambitious  waterworks  su- 
perintendent should  follow  up  this  suggestion,  for 
the  lives  of  hundreds  of  people  may  be  saved  by  his 
doing  so. 
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Method      and     Cost     of     Rebuildind  t-"*"^^-     ^^e   grading    and    regrading   of    the   gravel 

T»     J             r-y         •              •  proved,   if  anything,  more  expensive  than  any  other 

r liter  Beds  at  Cincinnati  part  of  the  work,  since  handling  and  rehandling  the 

Filtriltinn    Pliint  gravel  was  unavoidable. 

riiiidliuu    JTldlll  rpj^g  gravel   layers  placed  in   the  bed  were  graded 

The   filter  plant   of  the  city  of  Cincinnati,   0.,   as  as  follows: 

placed  in  operation  in  1907,  had  a  strainer  system  con-  „.       ,            ,.                                                      Depth  of 

...            _,.j.i_iii                     .                         .         ,  Size  of  separation.                                                              layer,  in. 

SlStmg    of    perforated    plates    covering    concrete    chan-        Passed  a  2-in.  and  retained  on  a  l-ln.   screen 2 

nels  located  at  the  -bottom  of  trough-like  depressions  ?|S^  I  %i"n.\"nd'?e?iined°on\\"-?n.%"?le"n; :::::::;:       I 

running    lengthwise     of    the     filter.       The     depressions       gassed  a  H -in.  and  retained  on  a  y* -in.  screen 4 

,       ,         .   ,  ^  Passed    a    14-in.    screen 3 

were  filled  with  gravel  and  to  prevent  its   displace-  mi.-^     ■     i.         j:          ,                ,        ,    ,.       i, 

ment  during  washing,  wire  cloth  screens  were  bolted  7??'^^  "^^,^^^  °f  ,^^"^  were  placed  directly  on  top 

to  the  tops  of  the  troughs.    These  retained  the  gravel  °^  *^^  ^""l*  ^^^"^1  ^^^^""-^    .N°,""^  sand  was   used, 

„     ..     ,         J               4.  J  iu                      s         J  •  t    iL.  except  about  6  or  7  cu.  vd.  in  the  last  filter  rebuilt, 

effectively  and  prevented  the  passage  of  sand  into  the  n-..            j            u               «    i-         •         j?  aoo                  i 

c^^.           Ti           e       A    ^.                i-i.   *.  xu  T^  he  sand  now  has  an  effective  size  of  0.38  m.m.  and 

filters.     It  was  found,  however,  that  the  screens  cor-  .^        .,           «:  ■     4.    j?  i  or 

,    ,    .      ,,           i.        \   /^-      •        i-         J                      X,  a  uniformity  coefficient  of  1.35. 

roded  m  the  water  at  Cincinnati,  and  consequently  m,            j     „     ■     j           i        ■         tu       tu          i.  i  -i 

,,                                J         J   .,                  •,      J.       X,    •         '  The  sand  received  no  cleaning  other  than  what  it 

they  were  removed,  and  the  necessity  for  their  use  ^^^^    ^j^^^j^^^j    j^    ^^.        transferred    from    one 

avoidea  by  increasing  the  depth  of  gravel  above  the  ^^^^  ^o   another.     The  handling   of  the   sand   was   so 

strainers  to  14  m      The  methods  employed  in  reccn-  .^^ranged,  that  the  removal  of  sand  from  one  bed  was 

structing  these  filter  beds  are  described  by  Mr.  J.  W  ^^^  operation  that  transferred   it  to  a  reconstructed 

Ellms   Siipenntendent  of  Filtration   in  the  la.st  annual  j^^^      ^wo  handlings  of  the  sand  were  thus  avoided, 

report   of   the   Cincinnati   Water  Works   Department,  .,.         ,          ^  .^     ,.  .^     ,   .l,               i   ^i            ,    ,        i    • 

from  which  the  matter  following  is  abstracted:  .   }^  ^^'^^^  "?*  *°  disturb  the  gravel,  the  sand  shoveled 

_,  „      .        ^,                .            ,          ,      ,  into  the  elector  was  discharged  into  a  galvanized  iron 

Following  the  experimental  work  that  was  under-  ^o^ket  swung  between  the  wash  troughs  and  above 

taken  to  determine  the  best  plan  to  pursue  in  rebuild-  ^i^g  ^g.^jy  j^j^  gravel  bed.     The  velocity  of  the  es- 

ing  the  beds  after  removing  the  brass  wire  cloth,  one  ^.^^pj^g  water  was  thus  reduced,  and  no  disturbance 

filter.  No.  19.  was  rebuilt  and  put  in  service  on  Dec.  ^f   ^^e    gravel    resulted.      A    svstematic    method    for 

25,   1913.     This   filter  was   operated   continuously   in  clening  the  filtered  water  channels   under  the  brass 

order  to  observe  its  action  with  the  increased  depth  strainer  plates  was  followed.     Plates  over  the  riser 

of  the  gravel  bed   (14  in.)  that  had  been  substituted  pjpeg  ^g^e   removed,   and  at  the  ends    of    the  tank, 

for  the  71'2-in.  gravel  bed  used  with  the  wire  cloth  ^aps  on  the  manifold  headers  under  the  filters  were 

screen.     The  satisfactory  results  obtained  with  this  removed.     Any  sand  that  may  have  gotten  down  into 

filter  after  operating  it  for  nearly  a  year,  confirmed  ^he  effluent  piping  was  flushed  back  with  the  wash 

the   conclusions    derived    from   the   experiments,    and  ^.g^er  out  of  the  open  ends  of  the  manifolds.     Hose 

plans  were  made  to  rebuild  the  remaining  beds  of  the  streams  were  used  to  wash  out  the  channels  under 

P'^"*-  the  plates,  and  any  sand  in  them  was  washed  down 

As  the  handling  of  the  sand  by  throwing  it  up  to  the  riser  pipes  and  out  of  the  ends  of  the  headers, 

a  platform  made  of  plank  laid  over  the  top  of  an  ad-  Every  hole  in  the  strainer  plates  of  each  filter  was 

joining    filter,    had    proven    expensive,    a    centrifugal  opened  up  by  pushing  a  sharp  piece  of  steel  into  it. 

pump  was  installed  in  the  middle  gallery  of  the  filter  Any  incrustation  or  lodged  sand  particles  were  thus 

house  on  the  motor  gallery  floor.  The  pump  was  capa-  removed.     Many  hook  bolts  were   replaced  that  had 

ble  of  throwing  180  gal.  of  water  a  minute  and  would  been  broken,  either  in  the  course  of  operation  of  the 

produce  a  pressure  at  the  pump  of  100  lb.  per  square  filter,    or   from   having   been    originally   strained   too 

inch.     A  sand  ejector  was  purchased  and  was  used  hard  in  placing  them  in  the  first  place.     Any  plate 

to  transfer  the  sand  from  one  bed  to  another  during  that  was   improperly  grouted  was   repaired,   and  the 

the  reconstruction  work.     This  outfit  proved  satisfac-  plates  that  had  to  be   removed    were    carefully    ce- 

tory,  and  saved  a  great  deal  of  the  expense  of  man-  mented  back  in  place. 

ual  labor  that  would  have  otherwise  been  necessary  _4g  the  increased  depth  of  the  gravel  has  brought 

In  handling  the  sand.  the  sand  surface  nearer  the  edge  of  the  wash  troughs, 

Late  in  the  fall  of  1914,   Filter  No.  2  was  recon-  the  wash  water  valve  has  had  to  be  reset,  so  as  to  give 

structed  before  the  sand  handling  apparatus  was  in  ■  a  velocity  of  wash  water  of  less  than  2  ft.  per  minute." 

stalled.     The  cost  of  rebuilding  this  filter,  the  same  The  velocity  of  wash  water  is  now  about  18  in.  per 

as  in  the  case  of  Filter  No.  19,  which  was  rebult  dur-  minute. 

ing  the  previous  year,  was  much  in  excess  of  the  cost  The  estimated  cost  of  reconstructing  the  filter  beds 

of  reconstructing  the  remaining  26  filters  of  the  plant,  ^vas  $8,500.     Obviously  there  was  not  very  much  ex- 

On  Dec.   16,  1914,  active  work  was  commenced  on  act  information  on  which  to  base  an  estimate.     The 

the  remaining  26  filters  and  they  were  completed  on  handling  of  the  gravel  proved  to  be  the  most  expen- 

March  9,   1916      The  laborers  doing  this   work  were  give  part  of  the  work.    Gravel  also  cost  an  average  of 

the  men  from  the   reservoir  force,  and  they  carried  SI. 62  per  ton  instead  of  the  $1.39  per  ton  used  in  the 

on  all  the  other  work  of  the  plant  in  conjunction  with  estimate.     The  actual  cost,  as  nearly  as  it  is  possible 

this   work   of   rebuilding  the   filter   beds.      In    conse-  to   get  at   it,   appears  to   have   been   $9,502.76.     Thi^; 

quence,  they  were  not  employed  continuously  on  the  gives   a  total    cost    per    filter  of  $339.38,    which    is 

reconstruction  work,  but  gave  it  as  much  attention  equivalent  to  a  cost  of  24.2  ct.  per  square  foot  of  filter 

as  they  were  able,  in  order  to  complete  it  as  soon  as  area.    There  is  a  credit  against  the  above  cost  for  150 

possible.  tons  of  gravel  left  over  and  having  a  value  of  $1.62 

Substantial  screens  were  built  to  be  used  in  grad-  per  ton,  or  a  total  of  $243.     From    the    sale  of  old 

ing  the   gravel.     These   screens  were   necessary,   not  brass   wire   cloth,   there   was   a   saving   of  the   scrap 

onlv  to   separate   the   various   sizes    of    new    gravel  value    of    38,125.5    lb.,    having  an  e.stimated  value  of 

needed  for  increasing  the  depth  of  the  bed,  but  also  $3,304.60.     Adding  these  two  items  together  makes  a 

to  regrade  the  original  gravel  removed  from  the  filter  total  credit  of  $3,547.60,  which  if  deducted  from  $9,- 
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502.76,  leaves  a  net  cost  to  the  city  of  $5,955.16  for 
this  reconstruction  work.  This  is  equivalent  to 
?205.54  per  filter,  or  15.2  ct.  per  square  foot  of  filter 
area. 

The  cost  of  the  various  items  was  as  follows : 


Quan- 
Operation.  tity. 

Removing  old  gravel 

.Screening  old  gravel 

Removing   strainer  plates   over   risers 

Cleaning  out  holes  in   strainer  plates 

Flushing  out  filtered  water  channels 

Replacing    strainer    plates 1,778 

Replacing    gravel    : 3,910 

Transferring  sand  with  ejector 1,218 

Pump   and   sand   ejector  operated 304 

Screening   new  gravel    2,885 

Unloading   new    gravel   from    cars 192 

Loading  and  unloading  gravel  from  team 

Hauling  with   team    

Labor  of  machinist  on  header  caps 

I^bor  of  machinist's  helper 

Common    labor    on    header   caps 

Foreman's  time   (65  per  cent) 

Bags  used  up  in  hauling  gravel 2.000 

Reconstruction  of  Filters  Nos,  2  and  19 ' 

Gravel    purchased    (tons) 1.15'9 


645 

1,631 

571 


1.416 


665 


Cost. 

$    996.75 

985.25 

163.12 

45'S.37 

144.62 

450.12 

990.25 

308.2.-> 

3        48.72 

724,87 

48.75 

355.87 

153.50 

34.50 

21.50 

169.37 

650.00 

100.00 

819.38 

1.879.57 

$9,502.76 


Total  cost  of  reconstructing  2S  filters 

Common  labor  cost  $2  per  8-hour  day  until  Feb.  1, 
1916,  after  which  it  was  $2.25  per  day.  The  machin- 
ist was  paid  50  ct.  per  hour  and  the  machinist's 
helper  $^.25  per  day.  The  team  cost  50  ct.  per  hour. 
The  water  used  was  valued  at  $7  per  1,000,000  gal. 
The  cost  of  power  was  placed  at  $0,086  per  hour;  or 
using  180  gal.  per  minute  for  sand  ejecting,  the  cost 
for  power  and  water  was  16c  per  hour. 


Tentative  Recommended  Practice 
for  Laying  Sewer  Pipe 

At  the  recent  annual  convention  of  the  American 
Society  for  Testing  Materials  the  following  recom- 
mendations of  Committee  C — 4,  of  which  Mr.  Rudolph 
Kering  is  chairman,  regarding  practice  in  laying 
sewer  pipe  were  accepted  for  publication  as  a  ten- 
tative standards  of  the  society. 
Preparing  Trenches  and  Foundations  for  Pipe  Laying. 

The  foundations  in  the  trench  should  be  formed  to 
prevent  any  subsequent  settlement  and  thereby  pos- 
sibly an  excessive  pressure  and  consequent  rupture 
of  the  pipes. 

If  the  foundation  is  rock  an  equalizing  bed  of  con- 
crete or  sand  well  compacted  should  be  placed  upon 
the  rock.  The  thickness  of  these  beds  should  be  not 
less  than  4  in.  Pipes  should  be  laid  in  these  beds  so 
that  at  least  the  lower  third  of  each  pipe  is  supported 
its  entire  length. 

If  the  foundation  is  good  firm  earth,  the  earth 
should  be  pared  or  molded  to  give  a  full  support  to 
the  lower  third  of  each  pipe  and,  if  necessary  to  se- 
cure a  proper  bearing  for  the  pipe,  a  layer  of  con- 
crete, fine  gravel  or  other  suitable  material  should 
be  placed.  The  same  means  of  securing  a  firm  foun- 
dation should  be  adopted  in  case  the  excavation  has 
been  made  deeper  than  necessary. 

If  there  is  no  good  natural  foundation,  the  pipes 
should  be  laid  in  a  concrete  cradle  supported  on  a 
masonry  foundation  carried  to  a  soil  of  satisfactory 
bearing  power  or  supported  on  a  structure  designed 
to  carry  the  weight  of  pipe  and  its  load  to  a  firm 
bearing. 

Trenches  should  be  kept  free  from  water  until  the 
material  in  the  joints  and  masonry  has  sufficiently 
hardened. 

To  protect  pipe  lines  from  unusual  stresses  all 
work  should  preferably  be  done  in  open  trenches. 

Pipe  lines  should  be  placed  at  a  sufficient  depth  be- 


low the  surface  of  the  street  to  avoid  dangerous  pres- 
sure or  impact.  When  this  is  not  possible  special  re- 
inforcement should  be  provided.  * 

Trenches  should  be  only  of  sufficient  width  to  pro- 
vide a  free  working  space  on  each  side  of  the  pipe, 
according  to  the  size  of  the  pipe  and  the  character 
of  the  ground,  but  in  every  case  there  should  be  suf- 
ficient space  between  the  pipe  and  the  sides  of  the 
trench  to  make  it  possible  to  thoroughly  ram  the 
backfilling  around  the  pipe  and  to  secure  tight  joints. 

Pipe  Laying. 

The  laying  of  pipes  in  finished  trenches  should  be 
commenced  at  the  lowest  point,  so  that  the  spigot 
ends  point  in  the  direction  of  flow. 

All  pipes  should  be  laid  with  ends  abutting  and  true 
to  line  and  grade.  They  should  be  fitted  and  matched 
so  that  when  laid  in  the  work  they  will  form  a  sewer 
with  a  smooth  and  uniform  invert. 

It  is  necessary  to  use  all  possible  care  when  shov- 
ing the  pipes  together,  so  that  the  joints  will  not  be 
unnecessarily  large. 

Bells  should  be  carefully  cleaned  before  pipes  are 
lowered  into  trenches.  The  pipes  should  be  so  low- 
ered as  to  avoid  unnecessary  handling  in  the  trench. 

The  pipes  should  be  set  firmly  accordingly  to  line 
and  grade,  and  the  joints  carefully  adjusted  and  filled 
with  the  jointing  material. 

Joints  should  be  made  in  the  following  manner.  A 
closely  twisted  hemp  or  oakum  gasket  of  suitable 
diameter,  in  no  case  less  than  %  in.,  and  in  one  piece 
of  sufficient  length  to  pass  around  the  pipe  and  lap 
at  the  top,  should  be  solidly  rammed  into  the  annular 
spaces  between  the  pipes  with  a  suitable  calking  tool. 
When  cement  joints  are  used,  the  gasket  should  first 
be  saturated  with  neat  cement  grout.  The  remainder 
of  the  space  should  then  be  completely  filled  with 
:he  jointing  materials. 

Backfilling  Trenches. 

All  trenches  and  excavations  should  be  backfilled 
immediately  after  the  pipes  are  laid  therein,  unless 
other  protection  of  the  pipe  line  is  directed.  The 
backfilling  material  should  be  selected  and  deposited 
v/ith  special  reference  to  the  future  safety  of  the 
pipes.  Clean  earth,  sand  or  rock  dust  should  be  sol- 
idly tamped  about  the  pipes  up  to  a  level  at  least  2 
ft.  above  the  top  of  the  pipes.  This  material  should 
be  carefully  deposited  in  uniform  layers.  Unless 
otherwise  permitted,  each  layer  should  be  carefully 
and  solidly  tamped  or  rammed  with  proper  tools  so 
as  not  to  injure  or  disturb  the  pipe  line. 

Puddling  or  water  flooding  for  consolidating  the 
backfilling  is  recommended  only  for  sandy  and  grav- 
elly materials.  If  this  method  is  used,  the  first  flood- 
ing should  be  applied  after  the  backfilling  has  been 
compacted  by  tamping  up  to  2  ft.  above  the  top  of 
the  pipes,  and  the  second  flooding  during  or  after 
the  subsequent  filling  of  the  trench.  An  excess  of 
water  should  be  avoided,  in  order  to  prevent  disturb- 
ance of  the  earth  under  and  around  the  pipes  and 
also  to  prevent  an  undue  excess  of  pressure  upon 
them. 

Walking  or  working  on  the  completed  sewer,  except 
as  may  be  necessary  in  tamping  or  backfilling,  should 
not  be  permitted  until  the  trench  has  been  backfilled 
to  a  height  of  at  least  2  ft.  over  the  top  of  the  pipes. 

The  filling  of  the  trench  should  be  carried  on  si- 
multaneously on  both  sides  of  the  pipes  in  such  a 
manner  that  injurious  side   pressures   do  not  occur. 
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A  Page  from  Recent  Water  Works 
Reports 

Water  Rates  for  Lawn  Sprinkling. — At  Toledo,  0., 
the  water  used  for  lawn  sprinkling  from  outside  hy- 
drants, in  connection  with  the  dwellings  securing 
water  on  flat  rates,  is  charged  as  follows: 

L,a\vn.s   under   1,000    sq.    ft $1..W  per  season 

Law  ns  from  1.000  to  2,000  si|.  ft 3.00  per  season 

Lawns  from  2,000  to  3,000' sq.  It 4.. 50  per  season 

Lawns  over  3,000  sq.  ft.  are  not  furnished  water  on 
flat  rates,  meters  being  required  for  this  service. 


Cost  of  Filtering  Water    at  Providence,  R.  L — The 

unit  costs  of  filtering  and  pumping  water  at  the  Pet- 

taconsett  slow  sand  filters  of  Providence,  R.  L,  have 
been  as  follows: 

Total  ccst 

pel-  mil.  Pumping 

I'umping                          gals,  to  water  to 

Year.       on  to  til-  For  clean-       filter  Sockanosset         Remarks. 

ter  beds,     ing"  beds.       "water.  reservoir. 

1907 S3. 28             $4.20             J7.4S  $5.C3             Open  beds 

1908 3.4S               2.03               5.51  5.03             Covered    beds 

1909 3.23               2.0.1               5.2S  5.14             Covered    beds 

1910 3.20               1.7S               4.98  4.74             Covered    beds 

1911 2.9S               1.59               4.57  4.95             Covered    bed.s 

1912 2.72               1.5fi               4.2S  5.05             Covered    beds 

1913 3.00               1.59               4..J9  4.98             Covered    beds 

1914 3.15               1.71               4.86  4.78             Covered    beds 

1915 3.07               1.66               4.73  5.(,-7             Covered    beds 

191C 2.70               2.13               4.92  .T.40             Covered    beds 


24-Hour  Laboratory  Control  of  Filtration  Plant. — 

Laboratory  control  of  the  water  nurification  works 
of  Toledo,  0.,  was  increased  in  1915  to  the  extent  that 
supervision  is  now  maintained  during  the  full  24 
hours  of  the  day.  To  accomplish  this  two  additional 
chemists  were  employed.  Previous  to  last  year  the 
single  8-hour  method  was  in  use.  Under  the  new 
plan  a  more  uniform  operation  of  the  plant  has  been 
obtained.  Samples  for  chemical  analyses  are  taken 
every  2  hours;  samples  for  bacterial  examination  are 
taken  every  8  hours.  Composite  chemical  samples  are 
then  prepared  for  daily,  weekly  and  monthly  tests. 


Operating  Results  of  Filtration  Plant  of  Provi- 
dence. R.  L — Some  operating  results  of  the  slow  sand 
filters  of  Providence,  R.  I.,  for  1916  were  as  follows; 


Total  quan- 

Average 

Average 

No. 

titv  of  water 

quantity  of 

quantity 

Df 

filtered  dur- 

water filtered 

of  water 

rtl-       Times 

Total  hours 

ing-  the  year 

between 

filtered 

ter.   scraped. 

in  service. 

in  gallons. 

scrapmg.s. 

per  dav. 

1...    18 

8,216.0 

687.650,000 

38,200,000 

2,010,000 

2...    15 

8,187.5 

706.180,000 

47,080,000 

2,070,000 

3...     19 

8.13L5 

686,110,000 

36,110,000 

2,030,000 

4.    .     17 

8,131.0 

634.510,000 

40,;:50,000 

2,050,000 

5...     19 

7,969.5 

681,990,000 

35,890,000 

2,050,000 

6  .  .  .     18 

8,144.0 

690,310,000 

38.350,000 

2,040,000 

7...    IC 

8,17C.O 

693.470,000 

43,340,000 

2.040,000 

S...    17 

8,098.0 

704,690,000 

41,450,000 

2.080,000 

9...     17 

7,969.5 

678,060,000 

38,890,000 

2,040,000 

10...    17 

7,996.5 
8.101.9 

680,790,000 
6,903,760,000 

40,050,000 

2,040,000 

rotal     . . 

.\v.   of 
plant   17.3 

40,020,000 

2,045,000 

Lengths  i 

:>{  run  in  dav 

s:  Maximum, 

1)9.3;    minimum. 

2.3;  aver- 

ige.    19,5. 

Cost  of  Filtering  Water  at  Cincinnati.  O.— The  total 
cost  of  operating  and  maintaining  the  filtration  plant 
of  Cincinnati,  O.,  during  1916  was  $66,370,  of  which 
?59,084  was  for  the  operation  and  $7,286  for  main- 
tenance. Coagulating  chemicals  cost  $24,375,  of 
which  $5,019  were  for  lime  and  $19,356  for  sulphate 
of  iron.  The  total  cost  for  disinfection  was  $1,667. 
The  cost  per  1,000,000  gal.  of  filtered  water  delivered 
for  consumption  was  $3.45,  of  which  $3.07  was  for 
operation  expenses  and  38  ct.  for  maintenance 
charges.  Operation  expenses  included  $1.27  per 
1.000,000  gal.  for  coagulating  chemicals,  20  ct.  for 
chlorine  for  disinfecting  purposes  and  $1.60  for  all 
other  purposes,   but   consisting   chiefly   of   labor.     It 


v-ill  be  seen  from  a  study  of  the  following  table  show- 
ing the  costs  per  1,000,000  gal.  of  filtered  water  deliv- 
ered for  consumption  for  each  year  since  the  plant 
was  started,  that  only  in  1914  was  the  plant  operated 
.at  a  lower  cost  than  in  1916. 

COST    PER    MILLION  GALLO.\'S    OF  FILTERED    WATER 
DELIVERED    FOR    COXSCMFTION. 

^ Operat  ion > 

Coagulating  .All  other  oper- 

Year.                    chemicals.  ating  costs.     Maintenance.  Total. 

1908 n.72  $2.47  $0.05  $4.24 

1900 1.89  2.2S  .09  4.26 

I'JIO 1.93  1.98  .28  4.19 

1911 l.SC  1.91  .35  4.12 

1912 1.78  LOS  .38  3.84 

1913 1.67  1.77  .48  3.92 

1914 1.21  1.78  .39  3.38 

lill5 1.42  1.S6  .76  4.05 

1916 1.27  1.80  .38  3.45 

A\  erage   (9  yrs.)   $1.64  $1.95  $0.35  $3.94 


Operating  Results  of  Filters  at  Cincinnati,  O. — The 

following  table  shows  the  total  number  of  filtering 
hours  for  each  month  of  1916,  the  average  period  of 
service  of  the  filters,  the  number  and  length  of  wash- 
ings, and  the  average  percentage  of  filtered  water 
used  for  washing; 

FILTR.-\TION'. 


5 
.ranuary    .... 
Felruary     .. 

March    

,\pril    

...     9,21^41 
...      8,55L60 
...     9.137.59 

s5 
.  > 

22.43 
22.92 
20.11 
25.94 
S4.47 
36.95 
20.26 
13.00 
12.76 
19.03 
10.70 
19.90 

if 
=  s 

^c 
416 
373 
454 
333 
264 
248 
563 
942 
824 
499 
441 
4.5-9 

5,816 

>  £  i'S 

4.50 
4.. 50 
4.50 
4..5-0 
4.50 
4.51 
4.50 
4.24 
4.47 
4.50 
4.47 
4.50 

4.47 

1.53 

1.51 
1.74 

May    

June    

.lulv    

. ..     9,475.88 
...     9,197.32 
. .  .   11  Sl.T  69 

.95 
.94 

-VUKUst    

September    . 
October    .  . . . 
November    . . 
I  )ecember    . . 

. ..   11.617.34 
. ..   10,509.72 
. ..      9,583.06 
...      8,836.24 
...     9,125.40 

2.72 
2.61 
1.63 
1.53 
L54 

Totals     . . . 
Averages    . . . 

...115,170.8.'! 

1.65 

Cost  of  Water  Works  Materials  at  Cincinnati,  O. — 

The  following  figures  from  the  report  of  the  Water 
Works  Department  of  Cincinnati,  0.,  for  the  year 
ending  Dec.  31,  1916,  shows  the  increase  in  the  cost 
of  material  and  supplies  in  1916  over  the  prices  paid 
in  1915: 

.$1.S0    to  $4.07  -  liS-S. 
.    2.25    to    4.23  —     88% 


Coal,    river  delivery Ton    . . 

Coal,    rail   delivery Ton    .. 

Bulk  lime   Ton    . . 

Sulphate  of  lime Ton    .. 

Liquid   chlorine    Pound 

River  sand   C.   Y. . . 

Fire    brick    M.    ... 

Cement    Bbl.    ... 

Fire  clay Bbl.    . . 

Silica  sand  Bbl.    . . , 

Baffle  tile   Each    . 

Boiler   tubes    L.  F. .. 

Grate  bars Pound 

Waste  , Pound 

Rags    Pound 

Flax    packing    Pound 

Asbestos  packing   Found 

Oils,    turbine    Gal.    . . 

Oils,   cylinder    Gal.    .. 

Gasoline    Gal.    .. 

Graphite    Found 

Emery  cloth Sheet    . 

Linosoap    Pound 

Natural  eas   M.   C.   ] 

Pig  lead Pound 

Cast   iron   pipe Ton    ... 

Special  castings   Ton    . . . 

Brass  castings   Pound 


.50    to 

6  50  = 

18% 

.50    to  16.25  = 

31% 

.08    to 

.16  = 

100% 

.2.5    to 

1.75  = 

40% 

.00    to 

5-9.00  = 

64% 

.92    to 

2.56  = 

33% 

.50    to 

1.65  = 

3% 

00    to 

1.35  = 

35% 

.06    to 

.08  — 

33% 

.20    to 

.46  = 

130% 

.015  to 

.035= 

:133% 

0825to 

.14  = 

70% 

.06    to 

.08  = 

33% 

.60    to 

.70  = 

17% 

.15    to 

.85  = 

465% 

.145  to 

.165= 

17% 

.27    to 

30  = 

10% 

.14    to 

.18  = 

29% 

25    to 

.33  = 

:-!3% 

.02    to 

.05  = 

1.^% 

.044  to 

.085= 

98% 

.122  to 

.157= 

29% 

.04    to 

.10  = 

150% 

.50    to  41.00  = 

49% 

,00    to  90.00  = 

29% 

Cost  of  Meter  Maintenance  at  Chicago. — The  aver- 
age cost  of  water  meter  maintenance  by  the  city  of 
Chicago  for  the  past  8  years  has  been  as  follows : 
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Year. 
1:109.. 
1910.. 
1911.. 
i;il2.  . 


Per  meter.  I  Year. 

$6.03     11913.. 

5.26     :1914.. 

....     4.73     11915.. 
4.45     '1916., 


Per  meter. 

$3.97 

. ...      3.67 

3.44 

4.40 


October  10.   191 ; 
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Reasonable    Limits    of  Accuracy 

for    Valuation    of    Water 

Utility  Properties 

By  ALLEN  E.  BRE\\I':R, 

Assistant    Engineer,    \'aluation    Department,    Pulilic   Utility 

Commission  of  Xew  Jersey. 

Much  has  been  written  during  the  past  few  year.s 
with  regard  to  public  utilities,  their  management,  reg- 
ulation and  valuation;  all  with  the  purpose  of  aiding 
to  more  efficient  fixing  of  rates  and  placing  the  se- 
curities of  such  types  of  corporations  on  a  fair  and 
equable  investment  basis.  In  order  to  arrive  at  the 
results  in  view,  whether  it  be  regarding  reasonable 
rates,  the  issue  of  new  securities,  or  the  legality  of 
any  proposed  form  of  reorganization,  the  primary 
step  is  to  fix  a  fair  and  impartial  value,  either  re- 
production new  or  present,  or  both,  of  the  property 
in  question.  Today,  in  nearly  all  states  where  state 
control  and  supervision  of  public  utilities  is  exer- 
cised inventory  and  appraisal  are  neces.sary  by  law 
where  questions  arise  which  would  affect  the  inter- 
ests of  the  investing  or  consuming  public.  It  is  with 
the  accuracy  required  in  such  inventories  and  ap- 
praisals of  water  companies  that  this  article  has  to 
deal.  Before  discussion  of  the  subject,  however,  it 
might  be  well  to  state  one  of  the  most  recent  defini- 
tions applied  to  inventory  and  appraisal :  Dr.  Phi- 
lander Betts,  public  utility  expert  and  Chief  Engi- 
neer of  the  Board  of  Public  Utility  Commissioners, 
state  of  New  Jersey,  in  his  paper  presented  at  the 
San  Francisco  Convention  of  the  American  Institute 
cf  Electrical  Engineers,  Sept.  16,  1915,  says:  "In- 
ventory is  the  listing  of  all  items  of  material  and 
labor  which  the  particular  company  was  required  to 
produce  or  provide  or  obtain  in  the  construction  of 
its  plant  at  the  time  and  in  the  manner  under  which 
it  was  constructed."  He  defines  appraisal  as:  "The 
aflixing  of  such  prices  to  the  items  found  in  the  in- 
ventory as  will  fairly  represent  the  normal  cost  con- 
sidered over  a  period  of  years." 

The  above  definitions  will  be  of  interest  to  the  val- 
uation engineer  in  preparing  for  any  particular  work 
at  hand.  It  must  be  noted,  however,  that  to  follow 
Dr.  Betts'  opinion  to  the  letter  would  entail  an  in- 
tensive study  to  obtain  the  data  required.  In  cer- 
tain cases  of  water  utility  valuation  such  is  not  es- 
sential. Yet,  the  limits  to  which  observations  should 
be  carried  are  often  a  point  of  doubt  to  the  engi- 
neer. It  is  only  possible  to  clarify  this  doubt  by  ob- 
taining a  full  and  unbiased  conception  of  the  exact 
purpose  for  which  each  particular  appraisal  with 
which  he  is  concerned  is  to  be  made.  This  should 
be  done  before  any  field  work  whatever  has  been  at- 
tempted. Very  often  an  appraisal  may  be  justifiably 
covered  b,y  a  cursory  examination  of  the  physical 
property,  particularly  if  the  bonded  indebtedness  is 
low  and  the  plant  has  been  maintained  in  an  efliicient 
manner.  Other  cases  may  require  the  most  intensive 
study  of  the  construction  and  managing  methods  of 
the  utility  in  question. 

It  is  with  purchase  and  rate  cases,  of  course,  that 
the  greatest  care  is  demanded  in  every  detail  of  val- 
uation work.  Estimation  is  accepted  only  after  all 
due  research  has  proven  unavailable;  here  the  point 
directly  in  mind  is  with  respect  to  unit  cost  data. 
Therefore,  the  valuation  engineer  must  plan  his  study 
to  cover  the  complete  records  of  any  company  he  is 
t«  deal  with.  This  should  be  carried  out  in  order 
of  accounts   and  the   data   should    be   worked    up   in 


order  thnt  the  final  unit  costs  derived  may  be  directly 
applicable  to  the  field  inventory.  ^  For  example,  con- 
sider the  distribution  system  of  a  water  company.  To 
assume  the  results  derived  from  a  study  based  on  the 
preceding  15  years  of  operation  is  entirely  fair  to 
use  in  deriving  cost  data.  For  this  period  all  work 
orders  or  vouchers  should  be  analyzed,  and  unit  costs 
of  cast  and  wrought  iron  pipe,  lead,  yarn,  and  weights 
of  pipe  by  sizes,  and  any  details  as  to  labor  costs, 
cartage,  freight,  excavation,  etc.,  should  be  suitably 
tabulated.  If  this  has  been  properly  done  and 
weighted  averages  obtained,  it  will  then  be  possible 
to  derive:  (1)  the  cost  of  installing  pipe  with  earth 
excavation,  no  pavement  and  easy  digging;  (2)  the 
additional  cost  of  installing  pipe  with  excavation 
through  rock  of  any  estimated  percentage  of  the  total 
excavation;  (.3)  the  additional  cost  of  installing  pipe 
where  various  types  of  pavement  are  encountered; 
(4)  the  additional  cost  of  installing  pipe  where  rail- 
road or  stream  crossings  are  encountered.  The  field 
inventory  should  be  attacked  in  a  proportionally  care- 
ful manner,  by  listing  all  mains  by  size  and  town- 
ship, scaling  same  from  maps  or  listing  from  any 
available  record  at  hand,  such  as  the  extension 
ledger,  or  detailed  authorizations  and  reports  thereon. 

Other  items  which  go  to  make  up  the  tangible  prop- 
erty accounts  should  be  studied  likewise.  Costs  of 
buildings,  mechanical  equipment,  pumps,  hydrants, 
dams,  etc.,  must  always  be  noted  from  the  records,  if 
such  are  properly  kept.  As  well,  dates  of  erection 
or  installation  should  be  noted,  as  these  would  of 
course  govern  the  proper  depreciation  charges.  Like- 
wise, the  dates  of  beginning  each  installation  and 
when  same  went  into  service  are  pertinent  in  deriv- 
ing a  fair  percentage  for  "Interest  during  Construc- 
tion." It  is  well  for  the  engineer  to  ever  bear  in  mind 
that  there  should  be  no  reason  for  doubt  in  any  of 
his  results  if  it  can  be  possibly  avoided.  Rate  inves- 
tigations receive  quite  as  much  attention  from  a  legal 
point  of  view  as  they  should  from  an  engineering, 
and  on  the  engineering  observations  or  results  will 
be  based  all  legal  arguments  for  or  against  the  action 
proposed.  Hence,  the  valuation  engineer,  to  con- 
serve his  reputation,  must  take  every  means  to  be 
able  to  back  up  his  opinions  by  facts.  If  he  nas  had 
to  resort  to  estimation  where  adequate  data  was  un- 
available he  should  make  intensive  comparisons  with 
dnta  used  in  previous  cases  of  a  similar  nature,  tak- 
ing care  to  allow  for  difference  in  labor,  raw  mate- 
rial costs,  or  other  pertinent  facts  at  the  periods  in 
question.  Such  a  procedure  will  frequently  result 
in  figures  of  considerable  value,  in  themselves,  as  cost 
studies. 

Where  valuation  is  to  be  made  of  a  water  utility 
property  to  furnish  a  basis  for  security  issues,  re- 
organization or  merger,  in  most  cases  such  an  in- 
tensive study  of  cost  data  is  not  so  necessary.  Of 
course  unit  costs  must  be  derived,  but  they  may  often 
be  fair  estimates  based  on  the  engineer's  experience, 
or  derived  as  explained  above.  For  this  reason  it  is 
most  essential  that  the  valuation  engineer  keep  a  de- 
tailed file  of  all  cost  data  he  is  able  to  obtain  for  use 
in  future  appraisals.  With  the  aid  of  such  a  file,  and 
a  fair  knowledge  of  the  financial  conditions  of  the 
company  with  which  he  is  dealing,  he  may  frequently 
make  a  tentative  valuation  without  field  inspection, 
based  on  the  company's  annual  inventory  at  any  par- 
ticular date.  Where  minor  bond  issues  are  in  ques- 
tion such  an  appraisal  will  generally  be  adequate 
for  a  State  Public  Utility  Commission  to  base  its  opin- 
ion  upon.     Should  there   be   any   doubt,   however,   af. 
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to  the  full  extent  of  the  value  of  the  fixed  assets 
the  engineer  ought  jn  every  case  to  make  it  a  point 
to  confirm  his  data,  even  to  a  detailed  field  inspec- 
tion and  inventory. 

It  may  often  be  noted  by  detailed  study  of  certain 
valuation  reports,  that  the  precision  to  which  cost 
data  has  been  calculated  is  out  of  all  proportion  to 
the  results  desired  or  the  purposes  for  which  the  re- 
port was  made.  For  instance,  many  of  the  younger 
members  of  the  engineering  profession  who  have  to 
deal  with  valuation  cost  data  will  perform  intensive 
studies  of  cost  of  water  mains,  taking  days  and  even 
weeks  to  derive  their  data.  Then  in  another  account 
will  they  estimate  water  diversion  rights  or  charges 
for  engineering,  superintendence  and  contingencies 
offhand  at  a  lump  figure.  To  be  true,  such  items  have 
of  necessity  to  be  estimated,  but  is  it  not  entirely  evi- 
dent that  where  such  large  estimations  must  follow, 
it  is  not  rather  uncalled  for  to  figure  costs  of  pipe, 
lead,  yarn,  etc.,  to  tenths  of  a  cent  or  even  more  ac- 
curately? The  relative  precision  of  measurements 
might  well  be  studied  by  such  engineers  to  the  benefit 
of  their  future  valuation  work.  It  must  not  be  as- 
sumed, however,  that  such  will  hold  true  in  all  cases, 
nor  should  the  reader  infer  that  the  author  is  too 
broad  in  his  statements  as  to  the  accuracy  demanded 
in  appraisal  work.  No  valuation  can  be  carried  out 
at  a  reasonable  cost  to  all  parties  concerned  without 
a  certain  amount  of  estimation.  The  point  is  to  base 
ruch  necessary  estimates  on  data  at  hand  for  cases 
as  nearly  like  the  one  to  be  considered  as  possible. 


Special  Water  Tank  Serves  as  Advertise- 
ment 

The  special  steel  tank  and  tower,  shown  in  the  ac- 
companying illustration,  was  constructed  recently  by 
the  Chicago  Bridge  &  Iron  Works  for  the  General 
Roofing  Co.,  at  Richmond,  Cal.  The  tank  has  a  ca- 
pacity of  50,000  gal.  and  is 
elevated  51  ft.  above  foun- 
dations. The  diameter  and 
height  of  the  tank  above  its 
balcony  are  designed  to  cor- 
respond with  the  dimensions 
of  a  roll  of  "Certain-teed 
Roofing,"  which  is  the  prod- 
uct manufactured  at  this 
plant.  A  hemispherical  bot- 
tom was  built  into  the  tank 
to  give  it  added  strength  and 
do  away  with  any  beams  un- 
der it  which  always  prove 
difficult  to  paint  and  are  very 
unsightly.  The  tank  is  pro- 
vided with  a  steel  roof,  which 
is  almost  flat,  in  order  to 
further  carry  out  the  idea 
of  a  roll  of  building  paper] 

An  examination  of  the  photograph  will  show  that 
the  painting  details  are  very  well  done,  and  the  prox- 
imity of  this  tank  to  the  railroad  shown  in  the  back- 
ground greatly  contributes  to  the  advertising  value 
of  the  structure. 


■Roll   of  Roofing"  Tank   at 
Richmond,  Cal. 


The  average  net  cost  of  water  meter  maintenance 
by  the  city  of  Chicago  for  1916  was  $4.40  per  meter. 
The  average  cost  of  new  meters  installed  during  the 
year  was  $26.90,  made  up  of  the  following  items: 
Meter,  $20.75;  material  for  installing,  $2.01;  labor  to 
install,  $4.14. 


Methods  and  Cost  of  Constructing 
a48-in.  Submerged  River  Cross- 
ing at  Minneapolis,  Minn. 

Early  this  year  the  city  of  Minneapolis,  Minn.,  com- 
pleted the  construction  of  a  48-in.  riveted  steel  pipe 
^2  in.  thick  across  the  Mississippi  River  just  below 
the  Falls  of  St.  Anthony.  The  work  involved  many 
constructional  difficulties  which  were  interestingly 
described  by  Mr.  F.  W.  Cappelen,  City  Engineer,  in  a 
paper  presented  at  the  Richmond  Convention  of  the 
American  Water  Works  Association,  from  which  the 
matter  in  this  article  is  taken. 

The  river  at  the  point  of  crossing  passes  through  a 
gorge  some  900  ft.  between  bluffs,  which,  on  the  east 
side,  reach  a  height  of  about  100  ft.  above  low  water, 
and  on  the  west  side,  72  ft.  On  the  east  side  there 
are  39  ft.  of  sand  and  gravel  to  the  Trenton  lime  rock: 
on  the  west  side,  about  11  ft.  from  the  top  of  the 
ground  to  the  lime  rock,  which  is  of  the  same  eleva- 
tion on  both  sides  of  the  river.  This  rock  is  25  ft. 
thick  and  separated  from  the  underlying  St.  Peter 
s.indstone  by  3  ft.  of  shale.  The  St.  Peter  sand  rock 
is  some  800  ft.  thick.  The  river  has  cut  through  the 
rock,  and  the  river  bottom  is  filled  with  broken  debris 
of  lime  rock  and  boulders ;  at  the  deepest  point  about 
40  ft.,  then  the  sand  rock. 

Eight-foot  shafts  were  sunk  on  both  sides  of  the 
rivei-,  and  8x7-ft.  tunnels  extended  from  the  shaft  to 
the  edges  of  the  bluffs,  340  ft.  long  on  the  east  side 
and  60  ft.  long  on  the  west  side,  and  trenches  were 
dug  on  the  shores  as  far  as  possible.  This  work  was 
started  Jan.  3,  1916,  and  completed  May  27,  1916. 

It  was  decided  to  build  cribs  4  ft.  wide  and  8  ft. 
long,  made  of  10xl2-in.  timbers,  with  partly  planked 
bottoms,  each  to  be  loaded  with  about  2  tons  of  rock. 
1  hese  cribs  were  to  be  placed  about  14  ft.  apart  on 
centers  across  the  river,  and  16  ft.  on  centers  up  and 
down  the  stream.  On  these  cribs  across  the  river, 
24-in.  I-beams  28  ft.  long  were  placed  flatways  to 
form  a  running  track  for  the  excavator,  which  con- 
sisted of  a  stiff  leg  derrick  to  handle  a  V2-yd.  orange 
peel  bucket.  Before  building  the  cribs  some  excava- 
tion was  done  with  this  rig  on  the  low  shore  on  the 
west  side,  and  it  seem.ed  as  if  the  material  could  be 
handled  that  way.  Accordingly  the  placing  of  the 
cribs  across  the  river  was  finished  and  the  runway 
completed  from  shore  to  shore.  The  under  frame  of 
the  derrick  was  fitted  with  grooved  wheels  which 
traveled  on  40-lb.  rails  laid  loose  on  the  I-beams. 

The  derrick  was  then  sent  back  to  the  west  end,  and 
(xcavating  operations  continued  with  the  orange  peel 
bucket,  but  as  soon  as  the  river  was  reached  it  was 
found  that  the  bucket  would  not  work  satisfactorily 
at  all,  and  the  rig  for  excavating  was  changed  by 
attaching  to  the  boom  of  the  derrick  a  dipper  stick, 
placed  about  20  ft.  from  the  end  of  the  boom,  with  a 
•■^i-yd.  steam  shovel  dipper.  The  excavation  with  this 
machine  commenced  Feb.  18,  1916,  and  the  ditch  was 
finished  March  17,  1916.  It  was  a  very  hard  job.  The 
material  was  exceedingly  bad  to  handle;  big  pieces 
of  ledge  from  earlier  erosions  were  often  encountered 
and  they  had  to  be  dragged  out.  Some  2,500  yd.  of 
this  stuff  was  excavated  and  dumped  on  the  down- 
.stream  side.  All  small  material  was  immediately 
washed  away  by  the  current,  leaving  the  heavier  stuff 
in  place.  As  the  excavation  progressed  towards  the 
east  side  the  cribs  were  removed.  I-beams  were 
placed  on  the  spoil  bank  as  a  track  to  carry  the  cribs, 
timbers  and  I-beams  back  to  the  west  shore.     These 
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beams  also  formed  the  pathway  between  the  excava- 
tor and  the  west  side. 

On  March  21,  1916,  riveting  the  48-in.  pipe  was 
commenced.  The  sections  were  all  30  ft.  long,  and 
on  March  26,  1916,  pulling  the  pipe  towards  the  east 
shore  was  commenced.  The  first  section  pulled  was 
120  ft.  loner.  To  the  end  was  riveted  a  torpedo-shaped 
head  6  ft.  7  in.  long,  with  heavy  lugs,  to  which  a  '/>.- 
in.  plow-steel  iron-center  pulling  cable  was  at- 
tached. The  pulling  was  done  with  a  25-h.p. 
hoisting  engine  and  two  triple  sets  of  blocks. 
After  this  first  section  was  pulled,  30-ft.  sec- 
tions were  added  and  pulled,  and  on  March  30, 
486  ft.  of  pipe  had  been  pulled  and  another  day  would 
have  landed  the  end  on  the  east  shore.  This  very  day 
the  ice  broke  in  the  upper  river,  about  two  weeks 
ahead  of  ordinaiy  conditions;  and  a  big  ice  gorge, 
which  had  formed  about  15  miles  above  the  falls, 
broke  and  a  tremendous  flood  of  water  came  down,  in 
fact,  about  54,000  cu.  ft.  per  second.  The  flood  simply 
picked  up  the  pipe  and  laid  it  downstream  on  the  flat 
west  shore,  only  shearing  part  of  the  rivets  in  one 
joint  about  midways.  The  inside  cable,  which  was  al- 
ways anchored  on  the  west  shore,  saved  the  pipe.  A 
few  days  afterwards,  10,000,000  ft.  of  logs  broke  away 
at  Anoka,  18  miles  from  Minneapolis,  and  came  down 
over  the  falls  and  cleaned  out  the  spoil  bank,  I-beams 
and  all.    The  beams  were  picked  up  later. 

Nothing  could  be  done  now  until  the  river  went 
down  again.  In  July,  the  pipe  was  taken  from  where 
the  flood  had  left  it.  It  was  straightened,  joints  re- 
paired and  tested,  and  placed  in  position  for  handling 
again  under  low-water  conditions.  Meanwhile,  the 
v/ork  of  building  shafts  and  tunnels  went  on,  and  was 
completed  with  the  lining  on  May  27,  1916.  The 
shafts  were  lined  with  concrete,  and  the  tunnels  with 
(j-in.  vitrified  tiling. 

The  ditch  was  completely  filled,  of  course,  after  the 
flood,  with  sand,  gravel,  and  smaller  boulders,  and  it 
was  decided  that  the  surest  and  best  way  to  excavate 
again  would  be  with  a  drag-line  excavating  outfit  a.s 
follows:  The  track  cable  was  started  from  a  14x1-1- 
in.  mast,  48  ft.  high  set  up  on  the  east  shore.  The 
elevation  of  the  cable  hitch  was  about  116  ft.,  the 
west  end  of  cable  being  fastened  to  a  bridle  cable  sub- 
ject to  pull  up  or  down  stream,  with  a  set  of  %-in. 
double  blocks  at  an  elevation  of  about  31  ft.  The 
total  span  was  about  980  ft.  The  track  cable  was  IVi- 
in.  plow  steel,  the  load  line  was  %-in.  plow  steel,  and 
the  tension  line  was  ^i-in.  plow  steel.  The  hoisting 
€ngine  was  rated  at  25  h.p.  with  steam  pressure  of 
125  lb.  A  i-o-yd.  bucket  was  used.  A  20-h.p.  engine 
was  placed  on  the  west  side.  Setting  up  the  cable 
and  engine  began  Sept.  11,  1916,  and  drag  line  exca- 
vation on  the  river  proper  began  Oct.  16,  1916,  and 
was  finished  Jan.  20,  1917. 

The  material  was  about  as  expected,  but  in  the  bot- 
tom of  the  trench  large  pieces  of  ledge  were  encoun- 
tered that  probably  had  been  shifted  into  place  dur- 
ing the  early  stages  of  the  flood,  and  it  became  neces- 
sary to  break  these  large  masses  of  dynamite  before 
the  drag  could  handle  them. 

The  drag  line  bucket  was  dumped  on  staging  placed 
directly  over  the  east  side  trench,  and  the  material 
slid  down  on  the  spoil  bank  made  on  the  shore  just 
below  the  pipe  line. 

On  Jan.  22,  1917,  pulling  the  river  sections  of  the 
pipe  was  begun,  as  before,  and  the  pulling  was  fin- 
ished on  Jan.  31.  The  last  pull  was  about  15  ft.  of 
a  total  length  of  pipe  of  698  ft.  As  the  pipe  was 
pulled  and  sections  added,  water  was  let  into  the  pipe 


on  the  west  end,  so  as  to  keep  it  just  about  afloat 
above  the  bottom  of  the  trench.  The  pipe  was  grad- 
ually lowered  into  place  from  the»west  end,  and  closed 
in  and  riveted  by  Feb.  9,  1917.  On  the  east  end,  a 
cofferdam  had  to  be  built  over  the  pipe,  so  as  to  make 
it  possible  to  cut  off  the  torpedo-head,  put  in  the  re- 
maining pipe  and  make  connections  with  the  end  of 
pipe  at  the  mouth  of  the  east  tunnel.  Much  trouble 
was  experienced  in  unwatering  the  coffer,  as  sand 
rock  was  encountered  inside  the  dam  and  no  puddle 
clay  could  be  had  with  the  extreme  cold  weather,  20' 
below  zero  all  the  time.  However,  the  east  end  work 
v^'as  closed  in  on  March  10,  1917. 

As  soon  as  the  pipe  had  been  properly  placed,  on 
Feb.  12,  the  work  of  anchoring  it  started.  This  was 
done  by  placing  very  coarse  fabric  bags  filled  with 
sand  and  cement  mixed  1 :4,  around  the  pipe,  filling 
the  entire  trench  in  spots.  Ten  such  anchors  were 
placed,  containing  18,000  sacks.  The  sand  and  cement 
were  delivered  on  top  of  the  west  bluff.  The  sand 
was  heated  and  mixed  dry  with  the  cement  in  a  small 
mixer  and  the  sacks  filled,  slid  down  a  plank  chute, 
wheeled  to  the  river  edge,  then  loaded  on  the  drag 
line  bucket  which  was  fitted  with  a  small  platform 
large  enough  to  hold  12  bags.  The  east  side  engine 
pulled  the  bucket  out  over  the  pipe  in  the  river  and 
(he  west  side  engine  pulled  it  back.  As  soon  as  the 
sacks  had  been  thrown  into  place,  holes  were  punched 
in  them  by  sharp  pointed  rods  to  facilitate  the  wet- 
ting of  the  contents.  The  cement  set  satisfactorily. 
This  work  was  finished  March  3,  1917. 

On  March  21,  1917,  the  entire  work  on  the  east  side 
was  finished,  with  the  cofferdam  removed.  With 
everything  ready,  the  expected  flood  came  on  April  4. 
The  ice  gorge  broke  about  14  miles  above  the  falls 
and  came  very  violently,  but  without  doing  any  harm 
to  the  main.  The  work  was  done  entirely  by  the  city's 
forces,  under  the  charge  of  Mr.  J.  A.  Jensen,  Super- 
visor. The  pipe  was  furnished  by  the  East  Jersey 
Pipe  Co. 

The  total  length  of  the  Crossing  was  1,526  ft.,  while 
the  channel  portion  was  868  ft.,  tunnel  and  shaft  por- 
tion 678  ft.  The  detailed  cost  of  the  work  was  as  fol- 
lows: 

Cost  per 
foot  of 

Material'                                                                               Amount,  crossing. 

l,52a'ft.   of  48-in.  by  %-in.,  -IS-in.  by  7/16-in.  .,„„, 

and  48-in.   by  %-in.  riveted  steel  pipe $16,591.85  $10.8. 

4S-in,   gate  and  air  valves ^'ooiJ'SS  ii 

Lead,  cast  iron  pipe  and  specials ,      ,?!•?!  -Jo 

Fitting-sand   incidental    sui-plies 204.55  .\i 

Bolts,   pins,   steel  and  :ron 1,001. 4(  .65 

Timber,   blocking  and   lumber 2.041.64  1.33 

Cement   for   bag    anchorage   and   shore   wall   .         SOD.IC  .52 
Sand    for   above,    and   for    filling   trench    and 

cofferdam W.-1;  'M 

Burlap   hags   for   anchorage 1,021.31  .67 

Paint   and   coating  material 66.36  .04 

Cable    371.00  .24 

Electric  power  for  lights  and   pumping 48.77  .03 

Coal  for  engines  and  shanty  use 1,184.94  .  m 

Oil.    gasoline,    candles   and   waste 742. 2()  .48 

Dvnamite    and    leads 3S.'!.14  .2o 

Tools,   rope,   derrick   repair.s,    etc l'"?!- 

Tran.sport    machinery    

Repairs    and    parts. 


^Misceilaneous    material 


194.55 
387.23 
139.83 


.09 
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Total     J2S. 652.69  $18.77 

Cost  per 
foot  of 

"jabor-                                                                                    .•\  mount,  crossing. 

Handling    and    dumping    dredge    material $2,215.79  $1.45 

Timbering  and  sheating.   etc 1,358.84  .89 

Hauling   pipe    and    specials 728.79  .48 

Haulins  supplies  and  equipment 3,210.90  2.10 

Rigging    up    engines,    cableways,    etc 4.062.04  2.e6 

Foreman    and    supervision 2.888.45  1.89 

Building    cribs,    etc 1.598.21  1.05 

Transporting  and   setting   cribs 315.95  .21 

Dredging    with     shovel 2.416.09  1.58 

Dreflgins;  with   drag  line 4,801.61  3.15 

Watchmen   on   engines   and   camp 1,473.20  .97 

Boiler  work  on  steel  pipe 4,193.63  2.75 

Blacksmith,  tool  work  and  repairs 1,203.61  .79 

Cutting  pipe 287.88  .19 

Scraping,  cleaning  and  recleaning  and  paint- 
ing  pipe    481.31  .32 
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Setting  -IS-in.   gate  and   expansion  joints 121.50 

Settting  air   valves 7.50 

Laying  and  erecting  pipe  in  tunnel  and  shaft  898.68  .59 

Anchoring  pipe   with    filled   bags 1,490.86  .98 

Unwatering    cofferdam    497.70  .33 

Concreting    east    shore 298.05  .20 

Pulling  pipe   into   channel 691.43  .43 

Moving  materials   223.56  .15 

Miscellaneous    work    688.83  .45 

Total     $36,154.31     $23.69 

Total   cost  of  labor  and  material* $64,807.00     $42.46 

♦Unit  cost  per  toot  in  channel.  Cement  for  bag  anchorage  and 
shore  wall,  $0.94;  sand  for  same  and  for  filling  trench  and  coffer- 
dam. $0.77;  burlap  bags  for  anchorage,  $1.19;  dynamite  and  leads, 
$6.45;  rigging  up  engines,  cableways,  etc.,  $4.79;  building  cribs, 
etc.,  $1.88;  transporting  and  setting  cribs,  $0.37;  dredging  with 
shovel,  $2.84:  dredging  with  drag  line,  $5.67;  anchoring  pipe. 
$2.20;  unwatering  cofferdam,  $0.59;  pulling  pipe  into  channel,  $0.82. 
The  cost  of  the  pipe  in  the  tunnel  and  shaft  was  $1.32  per  foot. 
Detail  Cost  of  Shafts,  149.7  F'eet  in  Total  Vertical  Length. 

Cost 
per  verti- 
Material:  Amount,  cal  foot. 

Coal  for  hoist $150.00      $1.00 

Crushed   rock  for  concrete 237.75        1.58 

Dynamite  and  caps   75.00  .50 

Tools,   etc 125,00  .83 

Cement  for  lining  shafts 1,000.00         6.C7 

Use  of  hoisting  machinery 171.45         1.15 

Repairs  and  parts 50.00  .33 

Lumber    200.00         1.34 

Drilling  6-in.   hole  through   rock   tor   drainage  66.15  .44 

MiscelTaneous    material     40.00  .27 

Total     $2,115.35  $14.13 

Labor: 

Supervision  and  foremen $    473,91  $3.16 

Watchmen   on   engines 1.012.20  fi.76 

Kxcavating     1.370.89  9.16 

Bracing     20S.75  1.39 

Sheathing     91.00  .61 

Bailing    water    90.00  .61 

Drilling 246.50  1.65 

Blasting     34.25  .23 

Building    trestle    3.00  .02 

Cribbing  under  shaft    5-.00  .03 

Concreting     286.69  1.92 

Rigging  up   mixer    105.00  .70 

Moving  derrick    15.00  .10 

Placing  beams   in  shaft    76.10  .51 

Back    filling    102.50  .68 

Hauling  materials    )01..36  2.6S 

Total     $4,522.15     $30.21 

Total  cost  labor  and  mtiterial $6,(737.50     $44.33 

Detail  Cost  of  Tunnels,  392  Peet  in  Total  Length. 
Material : 

Crushing  rock    $    174.24  $0.44 

Dvnamito  and  caps   75.00  .19 

Wall  tile  for  lining     724.66  1.S5 

Tools,   etc 125.00  .32 

Cement     160  30  .41 

Repairs    50.00  .!" 

Lumber   50.00  .1" 

Drain   tile    42.14  .11 

Power  and  lights    75.00  .19 

Mi.scellaneous  material    40.00  .10 

Total     $1,510.34  $3.87 

Labor: 

Supervision  and  foremen    $    473.91  $  1.21 

Excavating    1,260.28  S.22 

Drilling    104  00  .?7 

Blasting 84.75  .22 

Bracin.g 229.13  .58 

Laying  tracks    142.20  .36 

Bxcavatin.e  for  drain  tile  72.75  .19 

Back  filling    „ 375.63  .96 

Layin.g  drains    69.25  .18 

Excavating    for  lining   wall    foundation    90.50  .23 

Lining  tunnel  with  the  wails  and  arch    604.19  1.54 

Concreting  waII   foundation    344.00  .88 

Hauling  materials    401.36  1.02 

Total    $4,251.95     $10.84 

Total  cost  labor  and  material   $5,768.29     $11.71 


The  total  cost  of  water  purification  at  Toledo,  O., 
for  1910  was  $127,835,  the  total  cost  per  1,000,000  sal. 
delivered  being  $16.96.  Other  figures  from  the  last 
annual  report  of  the  Division  of  Water  follow: 

Cost    per    1.000,000    gal.    delivered,    alum    and    hypochlorite 

treatment     $12.39 

Cost  per  1,000,000  gal.  delivered,  iron,  lime  and  hypochlorite 

treatment     16.89 

Cost  per  1,000,000  gal.  for  chemicals,  alum  treatment 5.57 

Cost   per  1,000,000   gal.   for   chemicals,   lime  and   iron   treat- 
ment       9.47 

Average  cost  of  chemicals  per  ton: 

Alum 28.00 

Iron     21.20 

Lime     7.82 

Hypo     180.00 


Experiences  with  Leadite  Joints  at 
Windsor,  Conn. 

In  connection  with  the  e.xtension  of  the  distribution 
system  of  the  Windsor  Fire  District  of  Windsor, 
Ccnn.,  about  28,000  ft.  of  10-in.  water  mains  were 
laid  with  leadite  joints.  In  taking  bids  on  this  work 
alternative  prices  were  asked  for  la.ving  the  cast  iron 
pipe  with  lead  joints  and  with  leadite  joints.  The 
contractor  awarded  the  work  offered  to  install  the 
pipe  with  leadite  joints  for  10  ct.  per  foot  less  than 
with  the  lead  joints.  The  method  of  installing  the 
joints  and  the  results  of  their  tests  were  described 
by  Mr.  H.  R.  Turner,  Superintendent  and  Engineer 
of  the  District  in  a  paper  presented  at  the  recent 
convention  of  the  New  England  Water  Works  Asso- 
ciation, from  which  this  note  is  taken. 

Better  results  were  obtained  with  the  joints  if  the 
pouring  was  kept  back  at  least  four  lengths  of  pipe 
from  the  laying  gang.  The  shock  of  driving  home  a 
new  length  of  pipe  tends  to  break  a  freshly  made 
joint. 

As  the  standpipe  was  not  completed  when  the  pipe 
lines  were  laid  exact  tests  of  joints  after  pouring 
were  omitted,  but  each  joint  was  inspected  when  a 
section  was  filled  with  water  before  backfilling  was 
done.     Final  tests  were  made  in  1917. 

The  only  method  available  in  making  these  tests 
was  to  shut  ofl"  each  service  connection  at  the  curb 
cock  and  to  shut  off  all  gates  on  adjacent  lines.  Table 
I  gives  data  showing  the  number  of  services  and 
length  of  service  connection  involved  in  the  tests,  and 
also  the  number  of  gates  which  it  was  necessary  to 
close.  No  doubt  some  of  the  water  measured  as  leak- 
age was  lost  through  leaky  services  or  gates,  but  the 
results  in  Table  III  have  been  figured  on  the  as- 
sumption that  the  total  loss  of  water  was  through 
the  leadite  joints  only.  The  standpipe  was  pumped 
full  of  water  to  give  the  maximum  available  pressure 
on  the  lines  to  be  tested.  Table  II  shows  the  relative 
pressures  on  different  sections  of  the  line,  35  per  cent 
of  the  length  ranging  from  45  to  70  lb.  and  65  per 
cent  ranging  from  70  to  98  lb.  per  square  inch.  The 
standpipe  was  shut  off  from  the  distribution  system 
and  the  water  supplied  for  leakage  on  the  tested 
lines  was  by-passed  through  a  1-in.  meter.  Gage 
readings  of  the  pressure  on  the  lines  were  taken  at 
two  points  during  the  tests.  The  duration  of  the  test 
was  4  hours;  the  actual  quantity  of  water  registered 
through  the  meter  was  39.4  cu.  ft.  or  1773  gal.  per 
24  hours.  Correction  for  under  registration  of  the 
meter  gave  a  total  loss  of  water  from  leakage  of  1,861 
gal.  of  water  per  24 'hours  or  0.360  gal.  per  24  hours 
per  lineal  foot  of  joint. 

TABLE   1. 

Length  „        .  „   ^ 

Location.  of  main.     Total  No.  joints.  Services.  Gates. 

10-in.     8-in.  10-in.  S-in.  6-in.  No.Length.  No.Size. 


Total     22,314       128       1,927       16       55       62       1,703 

TABLE  2.— RANGE  OF  PRESSURE  ON  MAINS. 

Pressure.  V 

Location.  Length,  ft.       lbs.  per  sq.  in.     of 

Sage  Park  Road    2,228  45 

Sage  Park  Road    5, .574  64 

Windsor  Avenue   7,600  73 

Windsor  Avenue   4,400  94 

Windsor  Avenue  2,640  98 


On  Jan.  1,  1917,  there  were  219  sewage  disposal 
plants  in  the  State  of  New  Jersey,  and  8  additional 
plants  were  under  construction. 


Total     22.442 

TABLE    3.— LEAKAGE— SAGE    PARK    ROAD    AND    WINDSOR 
AVENUE.  Leakage 

in  gal.  per  24  lira. 
Size  main.  Per  lin.  ft. 

Date.  In.  Lin.  ft.  joint.  Total.  joint. 

.\ug.    24.    1917 10  10"— 5,048  

8"—      33  1,861  0.360 
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Cement  Gun  Seals   Well   Against 
Seepage  of  Ground  Water 

Seepao^e  of  ground  water  into  an  old  well  at  the 
plant  of  the  American  Bridge  Co.  on  40th  and  Stew- 
art Aves.,  Chicago,  has  been  eliminated  by  a  combi- 
nation of  cement  gun  work  and  hand  work.  The  well 
is  about  25  ft.  in  diameter  and  30  ft.  deep,  and  is  used 
as  a  sump  or  cistern  in  which  the  waters  from  the 
various  parts  of  the  plant  accumulated  and  from 
which  it  was  pumped  to  the  boilers.  The  old  lining 
of  the  well  probably  was  rubblestone  which  later  had 
been  concreted.  Ground  water  seeped  through  the 
walls  in  such  volume  as  to  seriously  damage  thc- 
water  for  boiler  purposes. 

The  following  method  was  employed  in  making  the 
v/ell  tight  against  the  seepage  of  watsr  from  the  out- 
side: A  wire  mesh  was  first  attached  by  spikes  to 
the  inner  walls  of  well,  covering  all  the  side  walls 
from  top  to  bottom.  A  cement  coating  was  then  shot 
into  place  through  the  wire  mesh  by  the  cement  gun. 
Around  the  upper  edge  no  serious  difficulty -was  en- 
countered, but  farther  down  where  the  pressure  of 
the  ground  water  was  greater  much  trouble  was  en- 
countered in  making  the  cement  stick.     The  seepage 


View    Look 


was  so  general  that  it  washed  off  the  gun-crete  coat- 
ing as  fast  as  it  was  put  on.  To  overcome  this  diffi- 
culty the  work  was  carried  out  as  follows: 

A  thin  coating  was  first  shot  into  place  with  the 
cement  gun.  Part  of  this  washed  off  and  part  of  it 
remained.  This  was  allowed  to  set.  Then  another 
thin  coating  was  applied,  making  additional  areas 
dry.  The  work  proceeded  in  this  way  until  the  leaks 
were  localized.  Holes  were  then  drilled  and  fitted 
with  pipes  for  weep-holes,  thoroughly  localizing  the 
water.  When  nothing  further  could  be  gained  in  thie 
way,  the  weep-holes  were  drilled  out  larger  and 
plugged  by  pounding  in  waste  and  old  rags,  so  as  to 
temporarily  hold  back  the  water.  Patches  made  of  a 
mixture  of  cement  and  soda  were  then  put  on  by  hand 
with  rubber  gloves  and  held  in  place  until  they  had 
set.  Inch  by  inch  the  surface  was  covered  and  the 
whole  area  was  then  given  a  final  cement  coating. 
When  the  work  was  finished  the  walls  of  the  well 
were  dry  and  there  was  no  seepage  from  the  outside. 

The  entire  work,  except  for  the  upper  5  or  10  ft., 
was  done  by  1  man  and  a  helper,  with  the  additional 
assistance  of  4  men  occasionally.  The  work  was  done 
by  contract  by  the  Dewey  Cement  Gun  Construction 
Co.  of  Chicago. 


Comparative    Cost    of    Operating 

Automobiles  and  Teams  on 

Irrigation  Project 

Some  interesting  comparative  costs  of  the  use  of 
automobiles  and  teams  on  an  irrigation  project  of 
the  U.  S.  Reclamation  Service  are  given  by  Mr. 
Charles  P.  Williams,  Project  Manager,  in  the  Octo- 
ber Reclamation  Record,  from  which  the  matter  fol- 
lowing is  taken. 

The  Sun  River  Project  had  in  use  during  1916  four 
5- passenger  touring  cars — one  (No.  1)  a  1913  model, 
purchased  in  March,  1913,  one  (No.  2)  a  1914  model, 
purchased  in  April,  1914,  and  two  1915  models  No. 
3,  purchased  in  August,  1915,  and  No.  4  transferred 
from  the  Fort  Peck  project  in  December,  1915. 

No.  1  car  had  on  Dec.  31,  1916,  been  run  28,975 
miles,  and  although  parts  of  it  have  been  renewed 
lately  and  are  in  good  condition  the  car  as  a  whole 
is  not  economical  to  operate  on  account  of  the  cost 
o  fand  delays  for  repairs.  It  was  used  the  entire 
?eason  as  an  expeditious  means  of  transporting  men 
and  light  freight  between  the  work  by  Government 
forces  on  the  upper  Pishkun  Canal  and  Gilman,  the 
nearest  railway  station,  a  distance  of  about  20  miles, 
and  in  the  maintenance  of  telephone  and  transmis- 
sion lines  on  the  western  end  of  the  project.  The  car 
traveled  during  the  year  7,726  miles;  the  total  and 
unit  costs  for  this  distance  are  shown  below: 

Unit 
cost. 
$0.0193 
.0025 
.0158 
.0408 
.0014 
.0277 
.0049 

Total  $Se9.21       $0.112S 

No  accurate  direct  comparison  of  actual  costs  of 
the  operation  of  this  automobile  and  that  of  teams 
can  be  made,  but  it  is  estimated  that  the  automobile 
aid  the  work  that  would  have  required  the  constant 
use  of  t\\o  good  driving  teams,  used  alternately  so 
as  to  give  each  team  rest  between  long  hard  drives. 
The  average  cost  of  feeding  a  team  on  this  project 
is  about  $1.40  per  day.  If  we  assume  that  a  plant 
charge  of  60  ct. — the  average  for  this  project  for  the 
1916  season — on  each  team  and  wagon  will  be  charged 
for  each  day  used,  and  that  30  miles  per  day  will  be 
an  average  day's  trip  for  the  teams,  the  estimated 
cost  of  teams  for  this  use  is  as  follows: 


Total  cost  for 
Item.  7,720"  miles. 

Gasoline    $149.17 

Lubricants    19.14 

Tirs  repairs    121.93 

Other  repairs   315.39 

Supplies     11. 2G 

Plant     214.01 

Project  general  expense   38.31 


Total  cost  for 
Item  7.726  miles. 

Feed  for  tean-.s  (730  team-days,  at  $1.40). .  .$1,022.00 
Depreciation   or  plant   charge    (258   days,    at 

CO   cts.)    154.80 


(73) 


Unit 
cost. 
$0.1323 

.020 

Total     $1,176.80  $0.15-23 

There  was  therefore  a  saving  of  $307.59  by  the  use 
of  the  automobile,  which  does  not  include  the  time 
saved  on  account  of  the  greater  speed  and  range  of 
the  automobile. 

No.  2  car  was  used  exclusively  by  the  superintend- 
end  of  irrigation  in  the  operation  and  maintenance  of 
the  Fort  Shaw  unit,  and  had  on  Dec.  31,  1916,  been 
run  21,936  miles.  This  car  traveled  during  the  year 
5,280  miles;  the  total  and  unit  cost  for  this  distance 
are  shown  below: 

Total  cost  for  Unit 

Item                                                                       5,280  miles.  cost. 

Gasoline ' $118-88  $0.0225 

Lubricant    13-28  .002d 

Tire   repaii-s    58.41  .0111 

Other    repairs 170.24  .0322 

Supplies     36.92  .0070 

Plant    1-5S.27  .0300 

Project   general   expense    17.13  .0032 

$0.1085 


Total    $573.13 
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Prior  to  the  season  of  1915  this  travel  had  been  ac- 
complished wholly  or  in  large  part  by  driving  team 
and  buggy.  The  distance  traveled  was  about  the 
same,  but  more  time  was  required  for  it.  Assuming 
the  same  conditions  as  for  car  No.  1,  except  that  only 
one  team  would  be  used  and  the  average  day's  trip 
i-educed  to  20  miles,  the  estimated  cost  of  the  use  of 
a  team  for  this  work  is  as  follows : 

Total  cost  for  Unit 

Item                          '                                             5,280  miles.  cost. 

Feed  for  team  (3G5  days,  at  $1.40)   $511.00  $0.0967 

Depreciation    or   plant   charge    (264    days,    at 

CU  cts.)    158.40  .030 


Plant    2C5-.96 

Project  general  expense 13.57 


Total    $669.40  $0.1267 

The  estimated  saving  in  operating  cost  through  the 
use  of  the  automobile  is  therefore  $96.27.  The  low 
team  cost  is  probably  at  the  expense  of  the  team,  as 
it  was  found  that  by  using  only  one  team  it  was  diffi- 
cult to  keep  the  team  in  good  condition  and  the  esti- 
mated depreciation  is  therefore  probably  low. 

There  is  also  a  saving  made  in  the  time  of  the  su- 
perintendent. Although  he  is  employed  by  the  year, 
and  for  this  particular  piece  of  work,  nevertheless  if 
the  time  he  spends  in  driving  around  the  work  can  be 
shortened  and  the  time  thus  gained  spent  on  work 
that  he  woukl  otherwise  have  to  delegate  to  some  one 
of  his  subordinates,  there  is  a  definite  money  amount 
saved  to  the  project.  If  we  assume  an  average  speed 
uf  7  miles  per  hour  for  team  travel  and  15  miles  per 
hour  for  the  automobile  travel,  the  time  saved  in  the 
yearly  travel  of  5,280  miles  would  be  402  hours,  or 
40  10-hour  (field  work)  days.  At  $140  per  month  this 
would  amount  to  about  $187.  The  total .  saving  by 
the  use  of  automobile  for  this  work  may  therefore  be 
estimated  at  $283.27. 

No.  3  car  was  used  by  the  project  manager  on  ad- 
ministrative work  exclusively,  and  the  mileage  for  the 
year  was  6,749.  The  total  mileage  to  Dec.  31,  1916, 
v/as  9,242.  The  entire  project  from  Beaver  Creek 
Dam  site  to  Benton  Lake  Reservoir  was  covered  and 
trips  varied  from  30  to  150  miles  per  day.  The  large 
part  of  the  saving  was  in  the  project  manager's  time. 
Tf  we  assume  the  same  relative  speeds  of  transpor- 
tation as  above,  there  was  a  saving  in  time  of  514 
hours  or  64^4  8-hour  days.  At  the  rate  of  $10  per 
day  the  saving  in  time  alone  would  be  $642.50.  As- 
suming that  the  project  manager  may  work  9  hours 
per  day  there  would  still  be  a  saving  in  time  of  about 
$570.  As  the  project  manager  on  this  project  has 
used  an  automobile  since  1910,  and  the  work  of  the 
project  has  e.xpanded  materially  since  that  time,  so 
that  it  would  now  be  almost  impracticable  for  him  to 
cover  the  work  on  the  project  with  a  team  and  do  any 
other  work,  a  direct  comparison  of  operating  costs  of 
the  two  methods  of  travel  can  not  be  practicably 
made. 

No.  4  car  was  used  almost  exclusively  in  the  super- 
vision of  construction  work  by  the  resident  and  con- 
struction engineers.  The  total  mileage  to  Dec.  31, 
1916,  was  9,965,  and  the  mileage  for  the  year  was 
7,089.  Daily  mileage  varied  from  30  to  70  and  the 
monthly  mileage  averaged  about  710  during  the  con- 
struction season.  To  accomplish  the  same  mileage 
would  have  required  at  least  two  single  driving 
horses,  for  which  the  cost  would  have  been  about 
half  as  much  as  for  the  teams  mentioned,  or,  say, 
$590.  The  cost  of  operating  No.  4  car  for  7,089  miles 
was  as  follows : 

Total  cost  for 
jtem                                                                        7,089  miles. 
Gasoline'    ^^^-ii 


Total    $561.26  $0,792 

The  automobile  transportation  cost,  therefore. 
$28.74  less  than  the  estimated  cost  of  1-horse  team 
transportation  for  the  same  distance  ($590 — 561.26). 
Assuming  the  same  relative  speeds  of  transportation 
as  above,  there  was  a  saving  in  time  of  540  hours  or 
54  10-hour  (field  work)  days,  which  at  the  rate  of 
$6.67  per  day  would  be  a  saving  of  $360.  The  total 
saving  would  therefore  be  $388.74. 


Lubricants    ni'oe. 

Tire  lepairs    1,0  ee 

Other  repairs    

Supplies     


S.55 


Unit 
cost. 

;o.02oo 

.0006 
.0111 
.0069 
.0012 


Reducing  the  Peak  Load  by  a  Re- 
motely Controlled  Water- 
works Pumping  Unit 

The  Water  and  Light  Commission  of  Fort  Atkin- 
son, Wis.,  had  been  pumping  water  for  many  years 
with  steam.  A  low  rate  was  made  them  for  electricity 
transmitted  from  Milwaukee.  To  make  use  of  this 
cheaper  power,  they  put  in  at  the  main  pumping  plant 
about  a  year  ago  an  "American"  4-in.  single-stage, 
double  suction,  bronze-fitted  centrifugal  pump  direct 
connected  to  a  40-h.p.   General   Electric   motor,   hav- 


Electrictl   Connections   and    Housing   for  Pumping   Ststion. 

ing  a  daily  capacity  of  1,000,000  gal.  against  a  total 
head  of  175  ft.  when  operating  at  1,750  r.p.m. 

The  performance  of  this  pumping  unit  was  so  satis- 
factory that  the  Commission  decided  to  make  a  fur- 
ther power  saving  by  installing  another  pump  to  re- 
lieve the  peak  load  and  deliver  as  much  water  into 
the  mains  at  as  low  a  rate  of  flow  as  possible.  This 
served  to  keep  down  the  maximum  demand  charge 
for  cui-rent  and  thus  gave  a  better  current  rate. 

Located  about  4,000  ft.  from  the  main  pumping  sta- 
tion, at  which  the  first  installation  was  made,  the  city 
has   a   flowing  well.     To  pump   the  water  from  this 
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well  into  the  mains,  a  pumping  unit  was  installed 
consisting  of  an  "American"  2y2-in.  type  DSMD  hor- 
izontal, single-stage,  double-suction,  completely 
bronze  fitted  centrifugal  pump,  operated  by  a  20-h.p., 
3-phase,  60-cycle,  220-volt,  squirrel  cage  type  1,800 
r.p.m.  general  Electric  motor.  In  addition  to  the  3- 
phase  transmission  line  between  the  main  station  and 
the  small  auxiliary  pumping  plant,  a  single  No.  10 
iron  wire  was  strung  to  control  the  equipment. 

In  the  new  pumping  plant  is  placed  a  Sundh  Elec- 
tric Co.'s  control  panel  for  operating  the  motor.  At 
each  end  of  the  control  line  is  a  single-pole  double- 
throw  knife-switch,  so  arranged  that  the  equipment 
can  be  operated  from  either  end  of  the  line;  that  is, 
oither  from  the  main  or  the  auxiliary  pumping  sta- 
tion, by  throwing  the  switch  into  opposite  position. 
This  control,  together  with  the  method  of  priming 
the  pump,  is  so  perfect  that  the  operator  need  not 
leave  the  main  pumping  station  to  operate  the  auxil- 
iary plant  so  long  as  the  knife-switch  on  the  control 
panel  is  in  either  one  or  the  other  position.  By  throw- 
ing the  knife-switch  in  the  other  direction  from  the 
one  in  which  it  was  not  operating,  the  pilot  light 
would  glow,  showing  the  pumping  plant  was  in  opera- 
tion, and  so  long  as  the  lamp  was  lighted,  he  knew 
the  plant  was  in  service.  Whenever  the  water  in  thi: 
elevated    storage   tank   indicated   that    it   was    nearly 


Results  of  Use  of  Meters  in  Metro- 
politan  Water  District, 
Boston,  Mass. 

In  1907  an  act  was  passed  by  the  State  Legislature 
of  Massachusetts  providing  that  after  Jan.  1,  1908, 
all  cities  and  towns  which  derived  their  source  of  sup- 
ply from  the  Metropolitan  Water  District  of  Boston 
should  equip  all  new  service  pipes  with  water  meters 
and  also  should  equip  annually  with  meters  5  per  cent 
of  the  services  that  were  unmetered  on  Dec.  31,  1907. 
The  results  obtained  from  the  installation  of  the  me- 
ters are  described  by  Mr.  Samuel  E.  Killam,  Superin- 
tendent of  Pipe  Lines  and  Reservoirs  of  the  Metro- 
politan Water  Works,  in  a  paper  presented  at  the  re- 
cent convention  of  the  New  England  Water  Works 
Association.     An  abstract  of  the  paper  follows. 

The  per  cent  of  services  metered  and  the  per  cap- 
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Auxiliary  Pumping  Outfit  of  Fort  Atkinson,  Ohio.  -^^  qh     ^^  Boston 

full  it  was  only  necessary  for  the  attendant  to  throw  ita  consumption   per  day  and  at  night   in   each   city 

the  knife-switch  in  the  opposite  position,  to  shut  down  and  town  in  the  district  for  the  years  1907  and  1916 

the  pumping  plant.  were  as  follows : 

The   performance    of   this    auxiliary   plant   was    so  Per  cent  of  ser- 

satisfactory  that  during  the  first  month  of  service  it  city  or  town.        jk^n^'Tlfn.^i, ^S.^'oT^r  iv"rl|e  da^;: 

was  not  visited  by  the  operator  in  the  main  station.  ,  ,,    ,                      i?f-      \'^^\      i^"-     i^"       1907.      191 6 

....  ,  „  .,  ,         rt,,     ..  ..       -Arlington   33.6         100.0  50  28  91  59 

it  being  only  necessary  for  an  oiler    to    fill  the  oil     Belmont  loo.o       loo.o         3i         is         68         52 

reservoirs  three  or  four  times  a  week.   The  sub-station  chlise"a  ■.■.'.■.■.■.;:;:::    ill        m!?        "9          11        ^97        "i 

at  other  times  operated  without  attendance  and  was     Lex[ngton i'l        920         43  37         %         69 

kept  locked.  Maiden    .  .  .'.'.'.'.'.V.'.'.     93.'6           95.5             22             28             46             49 

The  au.xiliary  plant  when  in  operation  delivers  an     filxvo^t  : •.:::•    ^\%      imo         Is         fo        m         11 

average  of  310  g.p.m.  against  a  total  head  of  180  ft.  ^^l^^r^t  ::.::::::::.  ^vi\      ^Mi          50         6i        no        no 
at   1,740   r.p.m.   with   22  k.w.   input   indicated   at  the  Quincy   '.'.'.'.'. .'.V.V.'.    u.t        %i.^         66         39        lOO         59 
switchboard.     A  G.  S.  flow  meter  is  attached  to  the  some^viiie' •.■.■.".:::::    24:6        Ig.l         \l         24         lo         ra 
discharge  of  the  pump  and  this  indicates  that  there  is  .IwampsSitt  ■:::::.':    37:8       looio         «          28         85         ii 
an  overall  efficiency  between  the  power  charged  to  the  Watertov/n  .'.'.'.'.'.'.'.    9s!3       loo'.o         33         29         67         65 
pumping  plant  and  the  net  amount  of  water  pumped  -DXstnlt^: .'.'.'.'.'.'.'.'.'.'.    \k.i       '6g!s          Is          51        iso         89 
into  the  mains  of  practically  50  per  cent.     The  cost  The  climatic   and   industrial   conditions   are   imme- 
of  equipment  for  this  pumping  plant  was  very  low,  diate    factors    in    considering   the    difference    in    the 
as  it  is  very  simple  in  design  and  the  pump  is  a  sin-  amount   of  water  consumed   in  the  various   districts 
gle-stage  type.  for  different  years.     In  Boston  the  quantity  used  for 
business    and   manufacturing   is    larger  than    in   any 

In  April,  1916,  there  were  259  sources  of  public  other  municipality.  The  traveling,  or  suburban,  pop- 
water  supply  in  use  in  the  State  of  New  Jersey.  The  ulation  from  outside  the  city  use  the  water,  but  is  not 
water  from  59  of  these  sources  is  treated  before  being  included  in  the  census  population  upon  which  this 
supplied  to  the  consumer.  per  capita  consumption  is  based.     However,  if  Bcs- 
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ton  is  divided  into  various  districts,  as  measured  by 
the  master  meters,  it  will  be  observed  that  there  has 
been  a  decided  decrease  in  the  per  capita  consump- 
tion in  the  districts  since  the  installation  of  service 
meters. 

The  following  table  gives  the  per  capita  consump- 
tion in  g.i.llcns  for  several  years  in  the  various  dis- 
tricts into  which  the  city  of  Boston  is  divided  by 
master  meters : 

District  bv  services.  1907.  1908.  1909.  1910.  1913.  1916. 

Soutliern  Low   148  148  139  128  126  115 

Southern  High   162  15S  151  128  100  IDS' 

Cha.-lestown    200  195  186  188  114  113 

East   Boston   130  140  117  110  58  61 

Brighton    132  135  108  107  77  89 

West   Roxbury    1:!0  131  112  132  92  57 

Breed's  Island   63  60  Gl  53  35  31 

Total    153 

Per  cent  of  services   me- 
tered         o.C 


152 


143         130         109         105 
5.S       12.5       34. S       b-3.2 

The  southern  low-service  district  comprises  the 
lower  area  of  the  city  proper.  South  Boston,  Dorches- 
ter and  Brighton,  in  which  is  located  the  greater  part 
of  the  business  and  manufacturing  plants,  railroad 
terminals  and  electric  light  and  power  plants.  A!! 
the  other  districts  are  residential,  although  the  south- 
ern high-service  district  includes  several  of  the 
largest  hotels  and  some  business  and  manufacturing 
plants.  In  East  Boston  and  Charlestown  consider- 
able quantities  of  water  are  used  by  railroads  and 
shipping,  and  some  by  manufacturing  plants. 

The  effect  of  the  use  of  service  meters  upon  con- 
sumption of  water  is  very  graphically  illustrated  by 
the  accompanying  diagram  showing  the  daily  number 
of  gallons  used  per  capita  in  the  city  of  Boston  and 
the  percentage  of  unmetered  taps  for  each  year,  1904 
to  1916  inclusive. 

In  Melrose,  which  is  largely  residential,  the  reduc- 
tion due  to  the  installation  of  service  meters  was  es- 
pecially noticeable.  The  introduction  of  meters  was 
begun  in  1907  and  on  Jan.  1,  1908,  about  30  per  cent 
of  the  takers  were  changed  from  scheduled  to  meter 
rates  and  at  the  end  of  the  year  1908  practically  a!! 
the  services  were  metered.  The  records  on  the  mas- 
ter meter  showed  a  saving  of  55  gal.  per  capita  in 
two  years,  a  reduction  of  46.7  per  cent. 

The  following  table  gives  the  per  capita  consump- 
tion in  gallons  by  months,  per  cent  of  services  me- 
tered in  the  city  of  Melrose  and  the  average  tempera- 
ture of  the  air  for  the  years  1907,  1909  and  1916: 


Consumption 

per  capita. 

1907.  1909.  1916. 

Januarv    113  60  43 

Febriiarj'  125  61  43 

March    IIG  58  44 

April    109  60  43 

May    Ill  63  46 

June            120  71  46 

Julv    122  ',1  45 

August    131  66  49 

September    116  63  49 

October    115  61  47 

November   113  60  45 

December    115  55  44 


works  receiving  a  supply  from  the  Methropolitan 
Works  had  not  been  enacted  it  would  have  been  nec- 
essary to  construct  additional  works  by  1920. 

The  estimated  safe  capacity  of  the  Cochituate,  Sud- 
bury and  Nashua  River  Works  is  173,000,000  gal.  per 
day.  It  was  estimated  in  the  report  of  the  Metropol- 
itan Water  and  Sewerage  Board  to  the  Legislature 
of  1904  that  the  cost  of  new  works  required  within 
the  next  25  years  to  supply  the  probable  demand  for 
water  if  the  waste  was  not  checked  to  be  at  least  $32,- 
000,000,  assuming  that  the  district  remained  as  con- 
stituted at  that  time. 

The  greater  the  quantity  of  water  used  the  more  it 
costs  in  the  end  to  furnish  water  to  the  tap  At  a 
rixed  rate  the  consumer  is  charged  a  certain  sum  and 
naturally  is  not  directly  interested  in  leaky  pipes  as 
long  as  no  dam.age  is  caused  by  the  water.  The  leaks 
increase  in  volume  and  the  quantity  of  water  re- 
quired for  legitimate  use  is  running  to  waste.  Wasted 
water  mef>ns  larger  mains,  more  pumping  machinery, 
wasted  coal  and  labor  and,  finally,  extension  of  works 
for  larger  supplies  and  an  increased  sewer  system 
to  care  for  the  v.asted  water.     Many  are  willing  to 


Year    117 

Per  cent  of  services  me- 
tered         3.9 


Average 
temperature  of  air. 

1907.  1909.       1916. 

26.1         29.4  31.6 

21.6  31.6  24.4 

37.5  35.2  27.8 
44.0         48.6  45.6 

53.7  56.2  58.3 
64.7         69.4  62.0 

72.6  70.9  72.6 

70.0  71.0  71.0 
64.5        62.7  64.2 

49.1  52.6  55.0 

41.7  45.3  41.7 
34.9         28.4  31.5 


48.4         50.1 


48  8 


100         100  

The  daily  average  quantity  of  water  used  in  the  dis- 
trict in  1916  was  17,808,000  gal.  less  than  during  the 
year  1908,  and  the  per  capita  consumption  has  been 
reduced  from  130  gal.  to  89  gal.,  equivalent  to  over 
31  per  cent.  This  reduction  in  the  use  of  water  has 
been  accomplished  largely  by  the  introduction  of 
service  meters. 

If  the  conditions  as  they  existed  prior  to  1904  had 
been  allowed  to  continue  additional  sources  of  sup- 
ply would,  without  doubt,  have  been  required  before 
the  present  time.  It  is  also  probable  that  if  the  act 
requiring   the   installation    of   service    meters    on   all 
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Population.   Consumption   of  Water  and   Per  Cent  of  Services   Me- 
tered    in     Metropolitan    Water    District    As    Supplied     in    1916. 

pay  for  their  own  and  their  neighbor's  waste  by  gen- 
eral taxation,  but  are  unwilling  to  pay  for  their  o\<'n 
waste  when  presented  with  a  quarterly  bill. 

The  writer  believes  that  water  meters  are  as  much 
a  part  of  a  well  operated  water  works  system  as  gas 
or  electric  meters  are  to  their  respective  works.  Many 
gas  companies  account  for  80  per  cent  of  gas  deliv- 
ered through  the  master  meters.  Well  managed  water 
"orks  in  Europe  account  for  all  but  10  per  cent  of 
their  supply.  Cannot  American  municipalities  do 
as  well? 

Waste  of  water  can  be  divided  into  two  classes — 
leakage  from  mains  and  waste  from  service  pipes. 
The  first  can  be  stopped  by  efficient  management  and 
the  latter  by  enlisting  the  consumer's  co-operation 
by  giving  him  a  direct  pecuniary  benefit.  It  appears 
to  the  writer  that  the  best  way  to  get  results  is  to 
sell  the  water  by  measure  and  to  keep  the  measuring 
devices  in  good  working  condition.  The  writer  main- 
tains that  the  waste  which  has  been  stopped  in  the 
Metropolitan  Water  District  of  Boston  by  the  instal- 
lation of  service  meters  has  deferred  for  the  present 
the  construction  of  additional  works  and  reduced  the 
cost  of  maintaining  existing  works. 
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Problems  of  the  Modern   Water- 
works Executive* 

The  matter  of  supplying  water  is  of  a  different 
character  from  that  of  any  other  municipal  industry. 
All  others  primarily  are  disbursing  agencies  handling 
allotted  funds.  Their  principal  duties  are  to  see  that 
their  funds  are  honestly  and  economically  expended 
on  pre-determined  work.  The  water  department,  on 
the  other  hand,  is  always  a  commercial  enterprise, 
similar  in  many  of  its  requirements  to  other  public 
utilities,  as  for  example  the  business  of  furnishing 
light  and  power  by  gas  or  electricity  and  the  run- 
ning of  steam  and  electric  plants.  Here  there  is  a 
question  both  of  production  and  distribution  with 
new  problems  continually  arising  as  to  methods  of 
operation  and  maintenance.  Economical  and  efficient 
means  must  be  employed  to  produce  an  article  that 
will  satisfy  cu.stomers  and  be  delivered  to  them  at 
fair  rates.  The  plant  must  be  operated  in  such  a 
manner  as  to  be  at  least  self-supporting.  Thousands 
of  consumers  must  be  handled  individually  with  the 
same  regard  as  obtains  in  the  best  conducted  retail 
trade. 

The  demands  of  a  modern  water  supply  system  are 
complex  and  are  concerned  with  matters  little 
dreamed  of  a  generation  ago. 

Today  something  more  is  required  of  the  water 
works  executive  than  to  be  able  to  get  480  minutes' 
work  for  the  price  of  labor,  properly  to  lay  pipe  and 
quickly  to  repair  a  break  in  a  supply  main.  These 
things  are  necessary  in  carrying  on  the  department 
work,  but  they  are  not  the  essentials  of  present  day 
management.  The  water  works  executive  must  be 
familiar  with  all  these,  but  in  addition  he  must  have 
intimate  knowledge  of  and  ability  to  handle  such 
financial  questions  as  valuation  of  works  and  equita- 
ble rate  making,  as  well  as  hydraulic  problems  relat- 
ing to  supply  and  construction  or  the  complexed 
questions  involved  in  providing  a  water  which  satis- 
fies modern  standards. 

Intelligent  systems  of  accounting  are  necessary. 
Rules  and  regulations  adjusted  to  present  conditions 
are  required.  Scientific  purchase  of  materials  and 
.supplies,  cost  keeping  that  instructs,  modern  trans- 
portation, checks  on  the  care  of  department  property, 
and  similar  matters  are  all  part  of  the  organization 
of  even  the  mediocre  construction  company.  How  can 
v.'ater  department  business  succeed  without  them? 

The  question  of  revision  of  rates  to  meet  existing 
conditions  is  most  vital  to  successful  opei*ation,  but 
one  which  is  often  the  last  to  be  taken  up,  particularly 
in  municipally-operated  plants.  Many  rate  schedules 
now  in  use  even  in  our  larger  cities  are  inheritances 


water  works  executive.  Properly  met,  they  mean 
efficiency  in  organization  and  economy  in  operation 
vvith  consequent  benefit  to  the  city.  To  do  these 
things  it  is  necessary  that  the  manager  of  the  water 
department  shall  be  able  to  grasp,  understand  and 
control  adverse  conditions  which  were  formerly  ac- 
cepted as  inevitable,  but  are  now  known  to  be  amena- 
ble to  remedy  if  not  cure. 

The  past  experience  of  this  association  with  its 
avoidance  of  entangling  alliances  is  the  best  guide 
v.'e  can  have  for  the  future.  Our  present  position  as 
a  power  in  water  department  matters  shows  clearly 
the  wisdom  of  the  founders  of  this  association  in 
rightly  excludifig  both  politics  and  commercial  ex- 
ploitation from  its  voting  membership. 

With  other  organizations  we  will  work  together 
gladly  and  we  welcome  all  water  works  men  to  our 
membership.  Careful  consideration  of  our  own  par- 
ticular needs  and  purposes,  however,  forbids  any 
thought  of  combination  with  others.  In  these  critical 
and  serious  times  it  is  well  for  us  to  cultivate  the  at- 
titude of  the  open  mind  and  the  spirit  of  co-operation. 

One  of  the  most  cogent  reasons  why  our  manufac- 
tured products,  up  to  the  war  period,  had  so  little 
market  in  Central  and  South  America  was  the  arbi- 
trary stand  of  American  producers  as  to  details  of 
construction  and  methods  of  packng  goods,  regard- 
less of  the  needs  of  the  purchaser.  Until  many  of  our 
manufacturers  and  consumers,  on  the  one  hand, 
emerge  from  this  attitude  of  pigheadedness,  and  on 
the  other  step  aside  from  a  position  of  cock-sureness, 
there  will  be  difficulty  in  meeting  the  demands  of 
commercial  enterprise  and  construction  possibility. 
Opportunity  is  hindered  by  ignorance  and  the  effect 
of  the  small  mind,  unable  to  comprehend  the  stand- 
point of  the  other  fellow.  The  talisman  of  success 
is  "Co-operation."  Manufacturers  must  concede  the 
necessity  and  be  willing  to  consider  with  open  mind 
changes  in  plant,  though  expensive  to  them,  if  effi- 
ciency and  economy  result  in  construction  work. 

Engineers  and  users  of  manufactured  products 
must  recognize  business  exigencies  and  matters  af- 
fecting established  industry.  They,  too,  must  have 
the  open  mind  which  is  free  from  personal  bias,  broad 
in  its  outlook  and  dispossessed  of  a  finicky  attitude. 
In  the  "get-together"  atmosphere  of  this  convention 
let  us  all  try  to  get  into  touch  with  the  real  reasons 
for  the  differences  between  users  and  producers  and 
see  if  we  cannot  reach  some  mutually  advantageous 
ground  in  advance  of  that  on  which  we  now  stand. 

In  these  days  the  direction  of  the  force  of  gravity 
as  regards  cost  of  labor  and  materials  appears  to  have 
been  reversed.  An  efficient  way  and  perhaps  the  best 
way  to  meet  this  conditon  seems  now  to  be  the  more 


of  the  past,  continued  because  of  the  inertia  of  the     general  use  of  labor-saving  tools,  careful  selection  of 

materials,  more  thoughtful  planning  of  work  and  bet- 
ter organization  force.  Present  prices  of  labor  and 
materials  in  many  cases  are  beyond  that  ever  before 
experienced,  and  the  outlook  into  the  future  seems  to 
leveal  little  or  no  downward  tendency.  For  a  short 
period  there  seemed  to  be  a  faltering  in  construction 
■■■.'ork,  but  contract  news,  construction  advertisements, 
and  bond  sales  indicate  recovery  with  a  tendency  to 
accept  present  prices  as  better  perhaps  than  will  be 
afforded  later.  From  this  viewpoint,  more  and  more 
public  work  of  considerable  magnitude  is  being  let. 
With  the  reduction  of  labor  due  to  national  require- 
ments and  the  possibility  of  greater  demands  for  ma- 
terials, even  if  peace  should  come  quickly,  there 
seems  to  be  greater  chance  for  increasing  cost  of 
work  for  some  time  to  come. 


present.  Some  of  these  are  ridiculously  inadequate 
and  fail  utterly  to  recognize  conditions  of  plant,  cost 
of  operation,  and  special  value  to  different  classes  of 
users.  Such  conditions  result  in  extravagant  opera- 
tion and  in  ineffectual  service. 

At  the  present  time  it  is  the  trend  of  opinion,  based 
on  judgment  of  the  best  sanitary  specialists,  that  all 
public  water  supplies  sooner  or  later  must  be  filtered. 
Vv'^ater  is  demanded  which  is  clean  and  attractive 
from  pollution,  removal  of  turbidity  and  color,  reduc- 
tion of  chemical  constituents  producing  hardness  and 
other  detrimental  conditions,  and  the  elimination  of 
taste  and  odor. 

These  are   some  of  the  problems    of    the    modern 


♦Abstract  of  presidential  address  of  Mr.  Caleb  Mills  Saville 
at  :ieth  annual  convention  of  the  New  England  Water  Works 
Association. 
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Methods  Used  at  Cincinnati  Filtra- 
tion Plant  for  Isolating  and 
Identifying  Bacillus 
Coli 

As  a  result  of  an  improved  method  of  examination 
for  the  Bacillus  Coli  adopted  in  1916  by  the  Water 
Works  Department  of  Cincinnati,  O.,  the  data  obtained 
are  believed  to  be  more  reliable  and  their  significance 
for  interpretative  purposes  more  trustworthy.  The 
method  is  described  by  Mr.  Stephan  J.  Hauser,  Chem- 
ist of  the  Filtration  Division,  in  the  last  annual  re- 
port of  the  Water  Works  Department,  from  which  the 
matter  following  is  taken. 

The  B.  Coli  group  may  be  defined  as  aerobic  non- 
spore  forming  Gramnegative  bacilli,  fermenting  lac- 
tose with  production  of  gas,  and  not  liquefying  gela- 
tine. At  the  Cincinnati  filtration  plant  the  attempt 
is  made  to  carry  out  the  examinations  so  that  the 
above  definition  is  fulfilled  as  completely  as  possible, 
consistent  with  the  speed  and  facility  necessitated 
by  routine  water  analysis. 

The  particular  water  samples  under  examination 
are  planted  into  lactose  broth.  Lactose  broth  is  used 
rather  than  lactose  bile,  which  is  the  medium  recom- 
mended in  the  1912  edition  of  the  Standard  Methods 
of  Water  Analysis  of  the  A.  P.  H.  A.,  for  the  reason 
that,  not  only  at  this  laboratory,  but  at  the  labora- 
tory of  the  Ohio  River  Investigation  of  the  United 
States  Public  Health  Service  and  other  laboratories, 
it  has  given  consistently  a  higher  percentage  of  con- 
firmed end-results  from  original  inoculations.  In 
planting  the  water  sample  decimal  dilutions  are  used 
to  facilitate  computations  of  the  B.  Coli  index.  In 
routine  examinations,  at  least  three  dilutions  are  used 
in  order  to  obtain,  if  possible,  a  negative  and  a  posi- 
tive test.  The  formation  of  gas  in  any  amount  after 
48  hours  incubation  at  37°  C.  is  recorded  as  positive 
find  considered  as  presumptive  positive.  The  small- 
est quantity  of  water  giving  gas  is  then  confirmed. 

A  loopful  of  culture  from  the  tube  furnishing  the 
presumptive  test  is  stroked  upon  Endo's  medium  pre- 
viously poured  in  plates.  The  plates  are  incubated 
at  37°  C.  for  24  hours.  If  no  aerobic  colonies  (sterile 
plate)  develop,  the  respective  gas  formation  is  con- 
sidered due  to  anerobes,  and  B.  Coli  is  recorded  as 
not  present.  If  aerobic  colonies  develop,  the  most 
typical  of  B.  Coli  is  transplanted  into  latose  broth 
and  gelatine  and  a  microscopical  examination  made 
directly.  As  there  are  several  varieties  of  typical 
B.  Coli  colonies,  experience  alone  will  detei-mine  the 
choice. 

If  in  the  lactose  broth  transplat,  no  gas  is  foi-med 
after  the  48  hours  at  37°  C,  the  result  is  considered 
negative,  and  B.  Coli  is  recorded  as  not  present.  If 
gas  is  formed  the  result  is  considered  positive  for  B. 
Coli,  subject  to  the  results  of  the  gelatine  transplant 
and  a  microscopical  examination.  If  after  48  hours' 
incubation  at  37°  C.  the  gelatine  transplant  will  solid- 
ify on  cooling,  the  culture  is  considered  as  non-lique- 
fying. If  the  gelatine  does  not  solidify  on  cooling, 
and,  gas  is  fonned  in  the  lactose  broth  transplant  and 
the  microscopical  examination  demonstrates  a  bacil- 
lus, the  organism  is  called  B.  Cloacae  and  included  in 
the  B.  Coli  numerical  estimation  as  it  has  the  same 
sanitary  significance. 

The  microscopical  examination  consists  of  a  smear 
made  according  to  the  method  of  Gram  from  the  Endo 
plate   colony  selected    for    transplanting.     A   Gram- 


negative  non-spore  forming  bacillus  obtained  follow- 
ing the  above  procedure  fulfils  in  every  particular  the 
definition  for  the  Bacillus  Coli.  If  other  than  a  Gram- 
negative  non-spore  forming  bacillus  is  obtained,  it  is 
not  considered  B.  Coli  and  is  so  recorded,  but  such 
a  result  is  unlikely  and  has  not  been  encountered  in 
experiences  at  Cincinnati.  The  liquefaction  of  gela- 
tine and  discordant  results  in  the  microscopical  ex- 
amination accompanying  gas  production  in  the  lac- 
tose broth  transplant  are  likely  to  be  due  to  mixed 
cultures,  in  which  case  separation  should  be  made  by 
replating  from  the  lactose  broth  transplant. 

Estimation  of  the  B.  Coli  index  is  made  according 
to  Phelp's  method — that  is,  the  reciprocal  of  the 
smallest  volume  of  water  which  gave  a  positive  test 
is  taken  as  the  approximate  number  of  B.  Coli  per  c. 
c.  and  is  recorded  as  such.  In  case  of  an  anomaly  it 
is  assumed  that  the  positive  result  should  have  been 
negative  and  the  negative  result  positive  and  is  so 
considered  in  obtaining  the  B.  Coli  index.  If  a  nega- 
tive confirmation  test  is  obtained,  B.  Coli  is  consid- 
ered present  in  the  next  larger  quantity  without  con- 


Varying  Quantities  (OOl-O.I-I.Occ  etc 

Planted  into 

Lactose  Brottr 


Go5  Formation- Presumptive  Positive 

n       Smallest  Quantity  giving  gas 
/5  Plated  on  Endo  S  Medium 


Typical  or  Atypical  Colony 
Fiitied  and  Planted  into 


Lactose  Brotti 


No  Gas  Formed 
Negative 


Liquefaction 
X  Negative 


t^icroscopical 
V~  Examinath      I 


Non- 
Liquefaction 


Not  A  -Bacillui 
Gram-negati  ve 
Non  -spore  former 
Neaative 


A-  Bacillus 
Gram-negative 
Non -spore  former 


x-lfagas  forming 
Bacillus  S/B.C/oaus) 
included  in  Coli  aver- 
age 
TJote- 

!f  gas  is  formed  in 
Broth  tube  B  and 

either  gelatine  is ^ 

liquefied  or  the  micr- 
oscopical examinationsshows  organisms  other  than  bacilli  C non-spore 
forming, gram  stain  negative)thenareplate  is  made  from  broth  tube  to 
insure  pure  culture,  and  started  again  at  A. 

Method    Followed    at   Cincinnati    Filtration    Plant   for    Identifying 
B.    Coii. 


B.  Coli  -  Confirmed 


firmation.  If  a  negative  result  is  obtained  from  the 
largest  quantity  planted,  either  by  no  gas  formation 
in  the  original  planting  or  by  a  negative  confirmation 
test,  B.  Coli  is  considered  present  in  the  next  larger 
amount  that  would  have  been  planted,  except  that  a 
negative  result  in  100  c.  c.  is  recorded  at  zero.  The 
assumption  is  valid  only  in  the  case  of  waters  such 
as  are  encountered  in  water  purification  plants  where 
the  approximate  coli  content  of  the  water  is  knovm. 
Such  assumptions  are  rarely  necessary  as  the  quan- 
tities of  water  chosen  for  examination  can  ordinarily 
be  changed  in  sufficient  time  to  always  obtain  a  posi- 
tive test.  It  is  probable  that  this  assumption  causes 
less  error  than  would  be  introduced  by  either  omit- 
ting the  figure  from  the  averages  or  calling  it  zero. 

The  laboratory  work  above  described  with  the  nu- 
merical estimations  of  B.  Coli  derived,  are  recorded 
for  the  month  under  headings  of  waters  in  the  con- 
secutive stages  of  purification.  The  form  used  is  con- 
venient and  compact  and  lends  itself  readily  to  a 
grasp  of  conditions  throughout  the  plant  at  any  time. 
Five  days  from  the  collection  of  the  water  sample,  B. 
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Coli  may,  following  the  above  scheme,  be  satisfac- 
torily and  conclusively  isolated  and  identified  to  con- 
form to  the  definition. 

The  following  table  will  show  the  number  of  sam- 
ples examined,  according  to  this  method,  from  Jan- 
uary to  October,  1916,  and  the  percentage  of  samples 
confirmed  as  B.  Coli. 

,— Filtered  water. -^ 

Outlet 
Effluent      clear 
Settled    Applied      from        water 


Rii'er 

water.      wate 

Samples    tested 271  257 

Percentage  confirmed..  97.4  91.0 

*lnclu(les   one   sample   that   showed  B. 


266 
96.6 
Cloacae. 


filters,  reservoir. 


Mechanical    Filter    Bottoms    and 
Strainer  Systems 

An  interesting  discussion  of  the  development  of 
f-trainer  systems  was  presented  by  Mr.  Robert  Spurr 
Weston,  Consulting  Engineer,  Boston,  Mass.,  in  a  pa- 
per presented  at  the  recent  convention  of  the  New 
England  Water  Works  Association.  An  absti'act  of 
the  paper  follows: 

The  simplest  and  perhap.s  the  earliest  form  of 
strainer  system  was  a  perforated  metal  plate.  This 
is  used  no  longer  except  for  small  filters.  The  next 
step  in  advance  was  to  screw  strainers  or  "sand 
valves"  directly  into  the  perforated  metal  plate.  There 
have  been  many  kinds  of  strainers.  The  early  ones 
were  made  of  fine,  perforated  metal  or  wire  cloth  sup- 
ported by  a  suitable  brass  casting.  Later  strainers 
v/ere  provided  with  drilled  or  punched  holes  or  sawn 
slots.  Most  of  the  openings  in  these  earlier  strainers 
had  a  diameter  or  width  of  less  than  0.1  mm. 

In  the  earlier  filters  the  sand  rested  directly  upon 
the  strainers,  with  the  result  that  the  fine  perfora- 
tions clogged  quickly,  making  extensive  and  frequent 
repairs  necessary.  The  remedy  was  to  enlarge  the 
perforations  in  the  strainer  and  to  place  above  the 
same  a  layer  of  graded  gravel  about  6  in.  in  thick- 
ness. This  prevented  the  sand  from  reaching  the 
strainer  and  clogging  did  not  occur.  About  the  same 
time  it  was  found  that  in  the  space  below  the  false 
bottom  the  velocities  of  flow  were  so  low  that  sand 
and  coagulated  matter  accumulated,  thereby  fur- 
nishing a  pabulum  for  the  growth  of  bacteria.  There- 
fore, notv/ithstanding  the  fact  that  the  false  bottom 
type  of  filter  was  ideal  for  the  distribution  of  wash 
water,  a  pipe  manifold  was  substituted  for  the  false 
bottom  in  order  to  maintain  higher  velocities  in  the 
underdrains. 

The  early  filters  were  circular  and  were  equipped 
with  revolving  rakes  to  agitate  the  sand  during  wash- 
ing. Wash  water  velocities  of  less  than  one  vertical 
foot  per  minute  were  used.  Later  (about  1893)  the 
air  agitation  system  was  introduced  by  the  Conti- 
nental Filter  Co.,  thus  permitting  rectangular  con- 
struction and  concrete  filters.  The  rakes  were  aban- 
doned soon  after. 

The  Little  Falls  plant,  put  in  operation  in  1903, 
typifies  the  best  practice  of  the  time.  The  strainer 
consisted  of  a  perforated  metal  cap  attached  to  a 
threaded  fitting  from  which  a  small  tube  depended. 
In  one  side  of  this  tube,  near  the  fitting,  was  a  small 
hole  through  which  air  passed  for  the  purpose  of  agi- 
tating the  sand  layer.  The  dependent  tube  formed  n 
trap  so  that  the  strainer  could  be  used  for  both  air 
and  wash  water  distribution.  This  strainer  system 
has  been  fairly  successful,  although  it  may  fail  to 
prevent  hard  spots  in  the  filter  from  time  to  time  and 
especial  cleanings  of  the  filtering  material  may  have 


to   be  made.      Low  wash   water  velocities   were   em- 
ployed and  air  agitation  was  necessary. 

The  ne.xt  large  filter  plant  to  be  built  was  the  one 
at  Cincinnati,  which  was  put  in  operation  in  1907. 
This  marked  a  new  departure  in  that  air  agitation 
was  done  away  with  and  a  wash  water  velocity  of  22 
vertical  inches  per  minute  was  found  to  be  necessary 
for  the  perfect  cleansing  of  the  sand.  The  strainer 
system  consisted  of  perforated  plates  covering  con- 
crete channels  located  at  the  bottom  of  trough-like 
depressions  running  lengthwise  of  the  filter.  The 
troughlike  depressions  were  filled  with  gravel  and  to 
prevent  its  displacement  during  washing  wire  cloth 
screens  were  bolted  to  the  tops  of  the  troughs.  These 
retained  the  gravel  effectively  and  pi-evented  the 
passage  of  sand  into  the  filters,  but  it  has  been  found 
that  they  corroded  in  certain  waters,  notably  at  Cin- 
cinnati, and  recently  they  have  been  removed  and  the 
necessity  for  their  use  avoided  by  increasing  the 
depth  of  gravel  above  the  strainers  to  14  in. 

The  Cincinnati  type  of  filter  bottom,  while  efliicient, 
is  quite  expensive,  and  the  next  step  was  to  secure 
the  same  results  for  a  lower  cost.  The  strainer  sys- 
tem used  at  Harrisburg,  Pa.,  consisted  of  a  pipe  man- 
ifold on  the  under  side  of  which  holes  were  drilled. 
The  pipes  composing  the  manifold  were  1^,4  in.  in 
diameter,  laid  6  in.  apart,  and  drilled  with  7/32-in. 
holes  spaced  3  in.  center  to  center.  In  this  filter  air 
was  used  for  agitation.  Somewhat  later  filter  bot- 
toms of  the  Harrisburg  type,  in  which  the  use  of  air 
was  omitted,  the  velocity  of  wash  water  increased 
and  the  gravel  layer  deepened  to  14  in.  or  more,  were 
used,  probably  first  by  Philip  Burgess,  C.  E.,  of  Co- 
lumbus, O.  A  similar  form  used  at  Toledo  and 
Youngstown  O.,  both  of  which  plants  were  built  by 
the  Norwood  Engineering  Co.,  consists  of  the  ordi- 
nary pipe  manifold  into  which  star-shaped  strainers 
of  the  Wilson  type  were  screwed.  The  Nomvood  En- 
gineering Co.  has  always  believed  in  air  agitation 
and  all  of  their  filters  are  constructed  with  this  end 
in  view.  Nevertheless,  there  is  no  reason  why  this 
type  of  filter  bottom  may  not  be  used  %^ithout  air 
agitation,  provided  the  strainer  openings  are  en- 
larged, the  gravel  layer  deepened  and  the  wash-water 
velocities  increased  to  the  optimum  for  the  sand  em- 
ployed. 

The  next  was  the  so-called  Wheeler  filter  bottom, 
consisting  of  inverted  pyramids  filled  with  3-in. 
spheres  and  marbles,  covered  with  a  layer  of  gravel 
6  to  8  in.  in  thickness.  A  series  of  channels  corre- 
sponding to  the  pipe  manifold  communicate  with  the 
orifices  of  the  respective  pyramids.  The  advantages 
claimed  for  the  Wheeler  filter  bottom  are  the  better  • 
distribution  of  wash  water  secured  by  uniform  ma- 
terial uniformly  placed;  the  absence  of  metal  in  con- 
tact with  the  water,  thereby  increasing  the  life  of  the 
bottom;  and  its  lower  cost. 

Probably  the  newest  and  yet  the  oldest  type  of 
filter  bottom  is  that  exemplified  at  Alliance,  O.;  Mun- 
cie,  Ind.,  Warren,  Pa.,  Shreveport,  La.,  and  Erie,  Pa. 
This  consists  of  a  false  metal  bottom  into  which 
brass  strainer  nozzles  are  screwed,  spaced  6  in.  apart. 
It  is  the  false  bottom  of  the  earlier  design,  but  the 
strainers  with  fine  openings  have  been  replaced  with 
those  having  large  openings.  The  gravel  layer  has 
been  deepened  and  wash  water  of  high  velocity  is 
used.  False  bottoms  of  concrete  have  been  suggested 
and  have  been  built  at  Miraflores,  C.  Z.,  and  at  East 
Liverpool,  0.,  but  the  difficulties  in  the  way  of  the 
successful   design   of  a  tight  structure   of  this  kind 
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have  caused  conservative  engineers  to  avoid  it. 
Furthermore,  it  is  believed  that  the  space  beneath 
the  false  bottom  is  a  disadvantage,  as  mentioned 
above. 

Mr.  William  Wheeler  is  now  building  for  The  Win- 
chester Water  Works  Co.  (Ky.)  a  filter  bottom  having 
the  usual  p.vramids  and  balls  but  instead  of  channels 
beneath  the  pyramids  there  is  a  rectangular  space 
like  beneath  the  filters  mentioned  above. 

The  most  generally  satisfactory  strainer  systems 
are  the  following: 

1.  Manifolds,  strainers  and  a  14-in.  layer  of  gravel. 

2.  The  Harrisburg  system  of  perforated  pipes  with 
a  14-in.  layer  of  gravel. 

3.  Troughs  having  strainers  at  their  bottoms,  with 
a  14-in.  layer  of  gravel. 

4.  The  Wheeler  filter  bottom  with  7  in.  of  gravel. 
All   of  these   systems  should  be  designed  to  wash 

the  sand  layer  without  the  use  of  air.  Each  system 
has  its  advantages  and  disadvantages,  but  the  exces- 
sive cost  of  system  No.  3  makes  its  use  inadvisable. 
There  are,  therefore,  three  systems  left.  Of  these 
system  No.  2,  the  Harrisburg  system,  is  the  simplest. 
It,  however,  consists  largely  of  metal,  all  of  which  is 
exposed,  and  at  the  present  prices  is  probably  more 
expensive  than  the  Wheeler  filter  bottom.  System 
No.  1,  like  that  installed  by  most  of  the  filter  com- 
panies, possessed  the  advantage  over  System  No.  2, 
the  Harrisburg  system,  of  having  the  outsides  of  the 
pipes  protected  by  concrete.  The  strainers,  however, 
are  exposed  and  must  be  constructed  of  bronze,  which 
at  present  prices  makes  the  installation  costly,  prolj- 
ably  the  highest  of  the  three.  The  inside  of  the  pipes 
are  likewise  exposed. 

In  either  of  the  above  systems  there  exist  "dead" 
spaces  on  the  floor  of  the  filter  between  the  openings 
where  the  wash  water  does  not  readily  reach.  This 
difficulty  is  overcome  in  Systems  No.  3  and  4,  of  which 
No,  4,  the  Wheeler  filter  bottom,  is  the  cheaper.  The 
advantages  of  the  Wheeler  filter  bottom  consist  in  the 
absence  of  metal  (with  the  exception  of  the  short 
brass  tube  at  the  apex  of  the  pyramid)  ;  the  nearly 
perfect  distribution  of  the  wash  water  secured  by  the 
"ball  nozzle"  effect  of  the  balls;  the  lower  cost,  and 
the  thinner  gravel  layer.  The  writer  believes  that 
the  Wheeler  filter  bottom  is  best  when  placed  above 
channels  rather  than  built  as  a  false  bottom  of  the 
filter,  although  to  construct  the  latter  is  perfectly 
feasible. 

Considerable  diflJiculty  has  been  experienced  with 
the  Wheeler  filter  bottom  at  Akron  because  of  sand 
passing  through  the  gravel  around  the  walls  of  the 
filter,  particularly  at  the  corners.  The  writer  has 
investigated  this  filter  and  found  that  there  was  a 
ledge  1-in.  wide  left  around  the  walls  of  the  filter  and 
furthermore  the  gravel  was  composed  of  1.5  in.  layers 
and  had  a  total  depth  of  6  in.  It  was  very  difficult  for 
the  workmen  to  spread  1.5  in.  layers  of  gravel  evenly 
in  the  large  units  (2,000,000  gal.  daily) ;  consequently 
the  sand  had  passed  through  the  gravel  in  certain 
places  until  it  rested  on  the  ledge  around  the  walls 
of  the  filter.  This  sand  remained  inactive.  The  dif- 
ficulty was  overcome  by  increasing  the  thickness  of 
the  gravel  layer  around  the  walls  of  the  filter,  par- 
ticularly at  the  corners.  Less  than  0.5  per  cent  of 
ihe  area  of  the  filter  was  involved.  This  is  a  very 
low  percentage  of  sand  surface  out  of  action  because 
of  lumps,  hard  spots,  etc.,  and  the  diflSculty  can  be 
readily  overcome.  It  would  probably  be  best  in  a  new 
filter  with  this  bottom  to  make  the  gravel  layer  8  in. 


in  thickness, — namely,  4  in.  coarse  gravel,  2  in. 
medium  gravel  and  2  in.  fine  gravel,  rather  than  3  in., 
r-i-in.  and  IH  in.,  respectively,  first  used.  Where  the 
filter  area  is  small,  the  thicknesses  of  the  gravel  layer 
may  be  reduced  to  those  last  given. 

In  large  filters  there  seems  to  be  a  tendency  towards 
Vv-ave  motion  in  the  underdrains,  which  may  accum.u- 
late  pressure  at  certain  points  in  the  filter  bed,  par- 
ticularly at  the  ends  of  the  channels,  and  may  pos- 
sibly cause  the  rupture  of  the  gravel  layer  if  it  be 
too  thin.  This  statement  of  course  applies  equally 
well  to  the  three  systems  under  consideration.  The 
Wheeler  filter  bottom  is  better  designed  to  resist  jet 
action  from  the  strainers  than  are  either  of  the  others. 
The  efi'ect  of  a  large  ball  immediately  above  the  orifice 
is  absolute  and  unchangeable. 

The  discussion  i-egarding  choice  of  filter  bottom  at 
present  centers  around  the  relative  merits  of  the  false 
bottom  and  the  strainer  or  manifold  type.  The  false 
bottom  was  used  in  the  Mirafiores  (C.Z.),  Erie  and 
other  plants,  but  only  a  few  plants  have  been  so  built. 
The  fear  in  the  minds  of  operators  of  filter  plants  is 
that  they  may  not  prove  so  efficient  bacteriologically 
as  a  plant  designed  on  the  other  plan.  On  the  other 
hand,  the  false  bottom  approaches  nearer  the  condi- 
tion for  successful  washing, — namely,  that  of  a  series 
of  orifices  discharging  from  a  tank, — but  with  under- 
drain  channels  of  sufficient  size,  relative  to  the  areas 
of  the  orifices  discharging  from  them,  good  enough 
distribution  may  be  secured  for  all  practical  purposes, 
and  the  dangers,  both  structural  and  in  operation, 
which  the  false  bottom  presents,  avoided.  There 
should  be  no  objection  to  the  use  of  the  false  bottom 
in  small  filters. 

Thirty  years'  experience  and  the  results  of  experi- 
ments by  Ellms  and  others,  indicate  that  the  success- 
ful filter  will  be  washed  at  a  high  velocity  with  water 
along.  This  effect  is  best  secured  by  a  strainer 
system  consisting  of  orifices,  above  each  of  which  is 
placed  a  layer  of  graded  material  to  prevent  sand 
from  passing  out  of  the  filter,  either  when  filtering 
or  washing. 

The  underdrain  system  should  be  designed  to  throt- 
i!e  the  discharge  of  wash  water  the  orifices.  The 
latter  should  be  reasonably  large  to  avoid  unusual 
loss  of  head  in  the  filter,  and  the  underdrains  should 
be  proportioned  to  the  orifices.  The  false  bottom 
system,  while  cheaper,  is  not  so  reliable  as  the  other 
systems,  and  there  are  more  or  less  troublesome  re- 
sults from  cast  or  wrought  iron  headers  and  manifold 
strainer  systems,  even  when  they  are  cheaper,  which 
is  rarely  the  case.  The  Wheeler  bottom,  with  suf- 
ficient gravel,  best  fulfills  the  conditions  of  practice. 
It  is,  however,  on  account  of  its  being  a  patented 
device,  more  expensive  than  the  Harrisburg  system. 
On  the  other  hand,  it  is  moi'e  durable. 


The  number  of  undergraduate  students  registering 
in  the  College  of  Engineering  of  the  University  of 
Illinois  up  to  Oct.  1  was  864.  Of  this  number  151  were 
in  the  Civil  Engineering  Department. 


Tests  made  public  recently  by  the  U.  S.  Bureau  of 
Mines  show  that  the  amount  of  deterioration  of  coal 
in  heating  value  during  storage  has  commonly  been 
overestimated.  Except  for  subbituminous  Wyoming 
coal,  no  loss  was  observed  in  outdoor  weathering 
greater  than  1.2  per  cent  in  the  first  year,  or  2.1  per 
cent  in  two  years. 
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The  Position   of  Engineer  in  the 

Community  and  His  Relations 

to  the  Contractor* 

The  engineer  is  primarily  a  man  whose  life  is  de- 
voted to  promoting  and  planning  things  that  actually 
happen,  and  without  doubt  he  is  slowly  but  surely 
assuming  his  rightful  position  in  the  world,  because 
it  is  becoming  universally  recognized  that  he,  above 
all  of  his  fellows,  is  better  fitted  by  his  education,  ex-- 
perience,  and,  generally,  his  temperament  to  fill  those 
positions  in  the  direction  of  the  world's  material 
progress  which  require,  among  other  things,  sound, 
sane  and  intelligent  judgment  and  at  the  same  time 
administrative  ability,  energy,  technical  and  scientific 
knowledge  of  a  high  and  varied  order. 

Of  course,  initiative,  candor,  truthfulness  and  effi- 
ciency, and,  above  all,  integrity,  are  presupposed  and 
let  us  hope  can  usually  be  taken  for  granted. 

Engineering  is  an  art  and  a  science.  It  is  a  science 
in  so  far  as  certain  physical  laws  are  its  basis.  It  iM 
an  art  in  so  far  as  in  the  application  of  these  laws  the 
best  judgment  inherent  in  or  acquired  by  man  musl 
be  exercised.  It  is  the  engineer  who  is  the  pathfinder 
and  pacemaker  in  modern  civilization,  and  it  is  he 
who  more  nearly  than  any  other  individual  can  be 
likened  unto  Jove  of  old,  whose  command  of  the  ele- 
ments used  to  be  universally  acknowledged  and  is 
proverbial,  and  it  is  the  engineer  who,  today,  is 
largely  charged  with  encroaching  on  his  ancient  and 
honorable  preserve. 

Little  progress  would  be  made  in  the  modern  v/orld 
if  the  engineer  did  not  blaze  the  way,  and  a  giant's 
."hare  of  the  progress  in  material  things  which  has 
been  made  since  the  birth  of  the  First  Napoleon  has 
been  made  by  engineers,  and  incidentally  it  may  be 
observed  that,  since  his  birth,  there  has  been  more 
actual  progress  than  was  made  during  two  thousand 
years  that  preceded  it.  That  there  is  far  more  differ- 
ence between  our  world  and  that  in  which  Bonaparte 
was  the  central  figure  than  there  was  between  his 
world  and  that  of  Julius  Caesar,  most  of  which  diffei-- 
cnce  has  mainly  been  brought  about  by  the  engineer, 
cannot  be  disputed.  Much  yet  remains  to  be  accom- 
plished. Unknown  and  exhaustive  domains  no  doubt 
are  still  to  be  explored  and  exploited,  but,  stupendous 
as  is  the  task,  the  engineer  will,  when  the  day  of 
reckoning  arrives,  be  found  to  be  in  the  forefront. 

To  cope  with  those  impediments  which  Nature  and 
man  set  up  in  the  way  of  material  progress,  and  to 
transmute  or  convert  these  into  processes  for  the 
use  and  convenience  of  mankind,  is  the  acknowledged 
function  of  the  engineer,  and  he  has  not  heretofore 
been,  nor  shall  he  in  the  future  be,  found  wanting. 

To  be  more  specific,  in  the  ultimate  analysis  the 
elemental  components,  physical,  mental  and  moral, 
which  in  the  ensemble  constitute  the  engineer,  as 
herein  stated,  may  be  said  to  be  character  and  ex- 
perience, imagination,  efficiency,  executive  and  tech- 
nical ability  and  scientific  knowledge.  While  no  one 
of  these  principles  can  be  said  to  dominate  the  rest, 
still  in  a  general  sense  there  is  no  disputing  the  fact 
that  character  stands  first.  It  is  the  framework  or 
foundation  on  which  the  other  characteristics  are 
built. 

Technical  ability  and  scientific  knowledge  are  not 
written  first  because  it  is  thought  to  be  of  little  im- 
portance, but  because  ultimately  the  other  principles 

•From  a  paper  by  S.  M.  Swaab,  M.  Am.  Soc.  C.  E..  in  the  Sep- 
tember Proceedings   of  the   Engineers'   Club  of   Fliiladelphia. 


being  broader  have  a  bigger  bearing  on  the  resultant 
man. 

A  man  may  be  a  great  engineer  with  only  sufficient 
scientific  knowledge  to  eliminate  the  impossible  and 
Avhose  sole  characteristics  are  his  imagination,  in- 
genuity, and  experience,  but  who  possesses  a  mind 
capable  of  conceiving  or  forecasting  and  in  rare  in- 
stances defining  the  desirable  and  necessary  (as  the 
case  may  be)  in  the  human  economy.  Such  was  the 
elder  De  Lesseps,  James  J.  Hill,  Harriman,  Carnegie 
and  a  host  of  others  among  the  pioneers  in  industry 
on  this  continent. 

Imagination  is  to  be  interpreted  as  broad  vision, 
creative  ability.  Technical  ability  considers  scientific 
knowledge  applied  in  the  light  of  experience,  reason 
and  common  sense.  Efliciency  is  generally  defined 
as  the  ratio  of  the  work  expended  to  that  produced 
and  in  a  larger  sense  is  the  process  of  effectively  cor- 
relating all  of  the  operating  forces  and  energies  in 
one  unit  for  economical  production.  Executive  abil- 
ity is  the  process  of  successfully  commandeering  and 
utilizing  the  services  of  others. 

The  provinces  of  engineering  and  economy  are 
often  intertwined  to  such  an  extent  that  it  cannot  be 
eaid  distinctly  just  where  one  ends  or  the  other  be- 
gins. Engineering  which  is  not  economical  is  not 
good  engineering,  and  economy  which  will  not  bear 
rigid  scientific  investigation  or  treatment,  such  as  an 
engineer  would  subject  it  to,  is  not  economy. 

Where  we  attempt  a  rigid  mathematical  analysis  in 
any  instance,  we  must  be  sure  of  the  premises,  and  it 
should  be  remembered  that  scientific  analysis  does 
not  necessarily  mean  mathematical  precision  to  the 
exclusion  of  the  broader  judgment  based  on  experi- 
ence and  common  sense. 

An  engineer's  education  after  it  reaches  a  certain 
stage  should  be  along  broad  lines,  to  include  the  hu- 
manities, so  as  to  fit  him  for  leadership. 

A  knowledge  of  men  which  the  old  school  believes 
can  only  be  had  by  contact,  but  which  some  now  seem 
to  think  can  be  obtained  through  the  mastery  of  what 
has  been  called  the  Science  of  Character  Analysis  of 
Dr.  Blackford,  is  more  to  be  desired  than  a  knowledge 
of  integral  calculus  and  by  all  odds  gives  one  a  bet- 
ter chance  in  life. 

Many  engineers  are  of  necessity  employed  by  in- 
dustrial and  commercial  organizations.  Some  are 
born  to  lead  and  others  to  serve — in  whatever  class 
ve  find  ourselves  it  is  up  to  us  to  do  our  utmost.  To 
be  able  to  intelligently  and  successfully  carry  out 
orders  is  a  faculty  not  to  be  despised  and,  by  the  way, 
it  is  not  the  easiest  task  imaginable. 

An  engineer's  actions  should  be  guided  solely  by 
the  Golden  Rule,  and  equity,  not  policy;  that  is,  strict 
justice,  rather  than  law,  should  govern.  In  his  rela- 
tions with  the  contractor  he  occupies  a  sort  of  judicial 
position,  and  must  possess  great  discriminating 
powers  and  must  appreciate  point  of  view. 

It  is  better  to  be  right  and  to  act  justly,  even  if  ap- 
pearances are  against  you,  than  to  be  guilty  of  a 
nrong,  even  with  appearances  in  your  favor. 

In  his  relation  to  his  employers  it  goes  without  say- 
ing that  they  are  the  sole  judges  as  to  his  ability  and 
fitness.  In  his  dealings  with  them  he  must  possess 
candor  and  ability  to  look  out  for  their  interests 
without  sacrificing  his  own.  It  is  a  fact  that  is  not 
to  be  disputed  that  he  must  be  true  to  himself,  first, 
and  that  he  must  not  forget  or  overlook  his  own  in- 
terests. 

To  become  so  absorbed  in  your  work  as  to  be  obliv- 
ious to  one's  own  intere.sts  is  not  demanded  by  any 
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of  the  precepts  or  the  examples  that  we  have  of  the 
greatest  of  our  professional  brethren,  and  it  can 
rightfully  be  said  that  disloyalty  is  a  crime,  whether 
to  one's  self  or  to  one's  employers  or  clients. 

In  every  instance  the  contractor  should  receive  a 
square  deal  at  the  hands  of  the  engineer  and  in  no  in- 
stance should  the  engineer  have  it  in  his  mind  to  get 
square  with  the  contractor  for  some  fancied  or  even 
real  act  of  omission  or  commission.  Those  who  have 
bad  sufficiently  broad  experience  recognize  that  speci- 
fications are  intended  to  be  interpreted  in  the  spirit, 
rather  than  in  the  letter.  As  Theodore  Cooper,  in  his 
day  recognized  as  the  foremost  bridge  engineer  in 
Ihis  country,  put  it,  "The  best  sy stein  of  rules  to  in- 
sure success  must  be  interpreted  on  the  broad  grounds 
of  professional  intelligence  and  common  sense." 

Constant  bickering,  indicating  lack  of  poise  and 
persistent  petty  fault-finding  without  being  able  to 
offer  suggestions  for  the  bettei-ments  of  conditions., 
is  the  method  pursued  by  many  young  engineers  to 
the  detriment  of  the  work  on  which  they  are  engaged. 

There  is  absolutely  no  reason  why  the  most  cordial 
relations  should  not  exist  between  the  contractors 
and  engineers  engaged  on  the  same  work  and  there 
are  probably  the  very  best  of  reasons  why  they 
should,  as  their  interests  are  alike. 

The  specifications  are  often  the  rock  on  which  the 
cordial  relation^  of  the  engineer  and  the  contractor 
•ire  rent  asunder. 

Contractors,  like  engineers,  are  actuated  by  the 
same  motives  as  other  men.  The  engineer  may  or 
may  not  be  superior  to  the  contractor,  but  he  cannot 
show  his  superiority  by  taking  undue  advantage  of 
him. 

Contracting,  according  to  the  usual  methods  in 
vogue,  of  which  some  one  has  aptly  said,  "The  profits 
are  limited  by  competition,  but  the  losses  may  be  un- 
limited," should  no  longer  prevail,  but  as  it  is  or 
should  be  a  legitimate  business,  the  gambling  ele- 
ment should  be  removed  therefrom,  and  should  cer- 
tainly not  exist  to  a  greater  extent  than  it  exists  in 
any  other  ordinary  business. 

Contractors  would  be  better  men  as  well  as  better 
contractors  if  their  remunerations  were  fixed,  rather 
than  problematical  as  is  usual. 

The  party  for  whom  the  work  is  being  done  should 
lake  all  of  the  incumbent  risks,  and  then  any  incen- 
tive of  the  contractor  to  take  advantage  is  removed. 

Some  specifications  deliberately  give  the  engineer 
the  whiphand,  but  it  has  been  determined  in  the 
courts  of  this  country  that  it  cannot  be  employed 
without  considerable  danger.  As  engineers  we  know 
that  the  action  and  reaction  are  equal. 

Clauses  which  have  a  double  meaning  or  which 
can  be  interpreted  in  two  ways  should  not  be  writ- 
ten in  specifications.  A  contract  represents  a  meet- 
ing of  the  minds  of  the  contracting  parties.  The  en- 
gineer should  not  attempt  to  protect  himself  by  in- 
serting obscure  clauses  in  specifications  whereby  he 
may  cover  up  his  own  ignorance  or  shortcomings 
at  the  expense  of  the  contractor. 

Copying  clauses  from  one  specification  into  another 
without  fully  understanding  their  meaning,  simply  be- 
cause they  are  time  honored,  i.  e.,  because  custom  has 
sanctioned  them,  which  is  not  unusual,  is  a  very  silly 
and  at  the  same  time  dangerous  practice. 

Few  men  have  ever  been  vested  with  considerable 
power  who  haven't  at  times  abused  it,  and  the  engi- 
neer who  prepares  the  specifications  and  who  inter- 
prets them  and  who  in  the  case  of  dispute  has  the  last 
say,  in  fact  is  the  "sole  arbiter,"  has  to  be  a  bigger 


man  than  the  ordinary  to  be  absolutely  unbiased.  In 
the  case  in  question  the  engineer  is  judge,  jury  and 
prosecuting  attorney,  all  welded  into  one,  and  the  one 
who  usually  suffers,  and  to  whom  is  meted  out  the 
punishment,  unless  the  engineer  happens  to  be  a  very 
big  man,  is  the  contractor. 


High    Pressure    Fire     Protection 
System  of  Toledo,  O. 

A  high-pressure  fire  protection  system  covering 
140  acres  of  the  congested  value  district  of  Toledo, 
O.,  was  placed  in  service  early  this  year.  The  pump- 
ing station  is  located  on  the  Maumee  River,  the  sup- 
ply being  taken  from  the  river  through  two  screened 
intakes  into  two  wells  connected  by  a  36-in.  pipe. 
The  wells  and  cross  connections  are  controlled  by 
.'■luice  gates. 

The  normal  lift  is  about  8  ft.  with  a  possible  max- 
imum of  16  ft.  The  discharge  from  the  station  is 
three  two  16-in.  lines,  each  line  being  equipped  with 
a  venturi  meter.  Two  motor-driven  air  pumps  are 
provided  for  priming  with  an  automatic  control. 

The  station  is  directly  connected  v/ith  the  fire 
j'larm  system  and  all  alarms  received  in  the  district 
are  transmitted  to  station  upon  receipt.  Operators 
upon  receipt  of  the  alarm  start  the  pumps  and  main- 
tain  a   pressure  of   175  lb.   at  beginning,   increasing 


View  in  Re^r  on  River  Side  of  High  Pressure  Fire  Service  Station. 

same  upon  receipt  of  order  of  Fire  Department  offi- 
cials. 

The  equipment  was  built  by  the  Allis-Chalmers 
Manufacturing  Co.,  and  consists  of  four  10-in.,  5- 
stage,  horizontal,  centrifugal  pumps,  each  with  a  ca- 
pacity of  2,000  gal.  per  minute,  against  a  pressure  of 
300  lb.  The  pumps  are  direct  connected  to  550-h.p., 
3-phase,  25-cycle,  4,000-volt  motors.  Space  is  provided 
for  two   additional    units. 

Each  pump  takes  suction  through  a  10-in.  line 
equipped  with  a  check  and  gate  valve  and  by-passed 
to  the  suction  through  a  10-in.  regulator  valve  having 
a  range  of  100  to  300  lb.  Suction  and  discharge  valves 
are  motor  operated  and  the  latter  have  2-in.  by-pass. 

Auxiliaries,  station  lighting  and  control  of  start- 
ing and  operating  mechanism  of  the  pumps  are  de- 
pendent upon  110-220-volt  direct  current.  A  motor 
generator  set  operated  from  the  4,000-volt  circuit  and 
generating  125-250  volts  is  provided  for  emergency 
use. 

The  station  building  is  two  story  and  basement  en- 
tirely fireproof,  being  65x90  ft.  in  plan,  with  bearing 


(82) 


October  10,   19i; 


ENGINEERING     AND     CONTRACTING 


301 


walls  of  bricks  and  floors  of  reinforced  concrete.  The 
operating  floor  has  tile  wearing  surface.  All  win- 
dows are  wired  glass  in  metal  frames. 

The  cost  of  the  completed  staton  was  as  follows: 
Lands,  $20,000;  substructure,  $50,548;  superstruc- 
ture, $57,541;  machinery  and  equipment,  $62,423; 
electrical  equipment,  $410;  making  a  total  cost  of 
$190,924.15. 

Power  is  secured  from  the  Toledo  Railways  &  Light 
Co.  and  is  purchased  by  contract  covering  a  period  of 
Ave  years.  The  contract  requires  that  500  k.w.  at  the 
bus  bars  or  sufficient  current  to  operate  one  pump 
must  be  available  immediately  and  at  all  times,  addi- 
tional current  for  all  remaining  pumps  must  be  had 
within  five  minutes'  notification. 

The  distribution  system  comprises  4,825  ft.  of  16- 
in.,  2,250  ft.  of  12-in.,  and  15,550  ft.  of  10-in.  mains. 
All  pipe  is  tar  coated  cast  iron  and  is  Class  G  of 
American  Water  Works  Association  specifications. 
When  installed  most  all  sections  were  tested  under  a 
water  pressure  of  425  lb. 

The  gate  valves  on  the  mains  are  set  in  masonry 
vaults  with  iron  covers  and  those  on  hydrant 
branches  are  operated  through  extension  boxes;  all 
covers  are  specially  marked.  The  16-in.  valves  are 
by-passed  and  geared.  The  system  supplies  67  Mat- 
thews post  hydrants,  each  with  8-in.  gated  branch 
and  12-in.  barrel  with  four,  independently  gated  3V2- 
in.  outlets  which  have  double  caps  reducing  to  21^  in. 
Of  these  hydrants,  47  are  located  within  the  con- 
.<Tested  valve  district  and  have  a  linear  spacing  of  300 
ft.  and  an  average  area  served  of  83,300  sq.  ft. 


Effect  of  Mouthpieces  on  Flow  of 
Water  Through  Submerged 
Short  Pipe 

An  investigation  has  been  completed  by  the  Engi- 
neering Experiment  Station,  University  of  Illinoi.s, 
under  the  direction  of  Fred  B.  Seely,  Associate  in 
Theoretical  and  Applied  Mechanics,  to  determine  the 
effects  of  mouthpieces  upon  the  flow  of  water  through 
a  submerged  short  pipe.  The  experiments  involved  the 
use  of  a  cast  iron  pipe  22I2  in.  long  and  6  in.  in  diam- 
eter, bored  to  a  smooth  surface.  Cast  iron  conical 
mouthpieces  of  different  lengths  and  angles  were  used. 
The  results  of  the  investigation  are  set  forth  in  detail 
in  a  bulletin  issued  last  month  by  the  Engineering 
Experiment  Station.  The  conclusions  drawn  from  the 
experiments  follow: 

As  applying  to  conditions  likely  to  be  met  in  engi- 
neering practice,  the  value  for  the  head  lost  at  the 
entrance  to  an  inward-projecting  pipe  (i.  e.  without 
entrance  mouthpiece  and  not  flush  with  wall  of  the 
reservoir)    is   0.62   of  the   velocity   head    in    the   pipe 

v"  v' 

fO.62 — )    nstead    of  0.93 — ,  as  usuallv  assumed.     To 

2g  2g 

put  it  in  another  form,  the  coefficient  of  discharge  for 
a  submerged  short  pipe  with  an  inward-projecting 
entrance  is  0.785  instead  of  0.72  as  given  in  nearly  all 
books  on  hydraulics.  Further,  the  lost  head  at  the 
entrance  to  a  pipe  having  a  flush  or  square  entrance 

v^ 
is    0.56    of   the    velocity    head    in    the    pipe    (0.56 — ) 

2g 


instead  of  0.49  —  as  usuallv  assumed.   In  other  words, 
2g 


the  coefficient  of  discharge  for  a  submerged  short  pipe 
with  a  flush  entrance  is  0.80  instead  of  0.82  as  given 
by  nearly  all  authorities. 

The  loss  of  head  resulting  from  the  flow  of  water 
through  a  submerged  short  pipe  when  a  conical  mouth- 
piece is  attached  to  the  entrance  end,  may  be  as  low 

v' 
f:S  0.165  of  the  velocitv  head  in  the  pipe    (0.165 — ) 

2g 
if  the  mouthpiece  has  a  total  angle  of  convergence 
between  30  and  60°  and  an  area  of  ratio  of  end  sec- 
tions between  1  to  2  and  1  to  4  or  somewhat  greater. 
In  other  words,  the  coefficient  of  discharge  for  a 
submerged  short  pipe  with  an  entrance  mouthpiece  as 
specified  above  is  0.915. 

The  loss  of  head  which  occurs  when  water  flows 
through  a  submerged  short  pipe  having  an  entrance 
mouthpiece  varies  but  little  with  the  angle  of  the 
mouthpiece  if  the  total  angle  of  convergence  is  be- 
tween 20  and  90°  and  if  the  area  ratio  is  between 
1  to  2  and  1  to  4  or  somewhat  more.  The  loss  of  head 
for  any  mouthpiece  within  this  range  would  be  ap- 
proximately   0.20    of   the    velocity    head    in    the    pipe 

V' 

(0.20 — ).    There  is,  therefore,  little  advantage  to  be 

2g 
gciined  by  making  an  entrance  mouthpiece  longer  than 
corresponding  to  an  area  ratio  of  1  to  2.     Thus,  an 
entrance  mouthpiece  with  a  total  angle  of  converg- 
ence of  90"  and  the  length  of  which  is  only  0.2  of  the 

V" 

diameter  of  the  pipe  gives  approximately  0.20  —  for 

2g 
the  loss  of  head. 

The  amount  of  velocity  head  recovered  by  a  conical 
mouthpiece  when  attached  to  the  discharge  end  of  a 
submerged  short  pipe  depends  largely  upon  the  angle 
of  divergence  of  the  mouthpiece,  but  comparatively 
little  upon  the  length  of  the  mouthpiece.  This  is  true 
for  lengths  greater  than  that  corresponding  to  an 
area  ratio  of  1  to  2  and  for  total  angles  of  divergence 
of  10°  or  more.  The  amount  of  velocity  head  recov- 
fred  decreases  rather  rapidly  as  the  angle  of  di- 
vergence increases  from  a  total  angle  of  10  to  40°.  At 
or  near  40'  the  amount  of  velocity  head  recovered 
rather  abruptly  falls  to  approximately  zero. 

A  conical  discharge  mouthpiece  having  a  total  an- 
gle of  divergence  of  10°  and  an  area  ratio  of  1  to  2, 
when  attached  to  a  subn\erged  short  pipe,  will  recover 
0.435  of  the  velocity  head  in  the  pipe,  which  is  58  per 
i"ent  of  the  theoretical  amount  possible  of  recovery. 

The  amount  of  velocity  head  recovered  by  a  di- 
verging or  discharge  mouthpiece  when  attached  to  a 
submerged  short  pipe  is  considerably  more  when  a 
converging  or  entrance  mouthpiece  is  also  attached 
than  it  is  when  the  entrance  end  of  the  short  pipe 
is  simply  inward-projecting  (no  mouthpiece  at- 
tached). This  excess  in  the  velocity  head  recovered 
diminishes  rather  rapidly  as  the  angle  of  the  dis- 
charge mouthpiece  increases,  and  it  becomes  zero  for 
a  discharge  mouthpiece  having  a  total  angle  of  di- 
vergence of  approximately  40°.  This  increase  in  the 
velocity  head  recovered  is  probably  due  to  the  effect 
of  smooth  flow  in  the  pipe  as  the  water  approaches 
the  discharge  mouthpiece.  The  smooth  flow  allows 
the  mouthpiece  to  recover  more  of  the  velocity  head 
in  the  pipe  than  when  a  more  turbulent  flow  exists: 
Ihis  increase  amounts  to  as  much  as  33  per  cent  in 
the  case  of  the  discharge  mouthpiece  having  a  total 
angle  of  divergence  of  10°  and  an  area  ratio  of  1  to  2. 
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Trench  Pressures  Upon  Sewer  Pipe 

The  accompanying  table  giving  safe  trench  pres- 
sures for  sewer  pipe  for  sand  and  for  wet  clay 
ditch  filling  materials,  was  submitted  at  the  last 
annual  convention  of  the  American  Society  for  Test- 
ing Materials  by  Committee  C-4,  of  which  Mr.  Ru- 
dolph Herring  is  chairman,  as  a  proposed  tentative 
specification  for  trench  pressures  upon  sewer  pipe. 
The  table  has  been  prepared  for  a  safety  factor  of 
V-2,  which  has  been  found  necessary  to  prevent  crack- 
ing from  the  loads  of  ditch  filling. 

TRENCH   PRESSURES  FOR   SEWER  PIPE,    IN   POUNDS   PER 
LINEAR  FOOT. 
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News  Letter 

St.  Louis  Items. 

Harrington  Bros,  secured  a  job  of  team  work  on  a  coal  line 
at  Sessor,  111. 

T.  P.  Newland  moved  his  outfit  on  to  a  piece  of  Chicago  & 
Alton  work  in  Venice,   111. 

Lameroux  &  Terrace  have  their  outfit  at  work  on  state  aid 
roads  south  of  Lincoln.  111. 

Smith  &  Hannan  have  sublet  their  team  work  on  the  Wabash 
R.   R.  at  Forest.  111.,  to  O.  E.  Shobe. 

Frank  P.  McCaughey  was  in  from  Christopher,  111.  Reports 
skinners  a  little  scarce  down  his  way. 

McMillan  Contracting  Co.  was  awarded  an  additional  contract 
by   the  North  Western   R.    R.   near  Benld,   111. 

R.  E.  Blan,  908  W.  Gate  St.,  St.  Louis,  has  3  teams  that  he 
wants  to  place  on  some  railroad  job  near  the  city. 

Capt.  A.  W.  Farney  is  putting  in  some  revetment  and  shore 
protection  work  for  the  American  Ore  Co..  at  Bouxippi,  Ark. 

L.  C.  Martin  of  Martin  Bros,  was  in  the  other  day  looking  up 
work  for  their  10-team  outfit.  100  W.  Broadway,  East  St.  Louis, 
111.,  will  catch  him. 

The  Missouri  Valley  Construction  Co.  is  doing  some  mat  and 
revetment  work  on  the  Mississippi  River  near  the  Chain  of  Rocks 
for  the  city  of  St.    Louis. 

Tim  Maloney  of  St.  Loui.s  put  in  the  lowest  bid  for  65,000 
yards  of  propertv  grading  that  is  being  done  by  the  Morris 
Realty  Co.  of  Granite  City,  111. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig's  Labor  Agency,  612  Walnut  St.,  St.  Louis,  Mo.,  or 
503  Delaware  .St.,  Kansas  City,  Mo. 

M.  C.  Connors  &  Co.,  610  W.  Madison  St.,  have  30,000  yd.  of 
machine  work  on  the  Burlington  R.  R.  near  Peoria.  111.,  to  sublet. 
This  is  a  nice  piece  of  work,   mostly  all  short  haul. 

Maney  Bros,  report  their  work  on  the  Santa  Fe  R.  R.  between 
Caney,  Kansas,  and  Pawhuska.  Okla.,  as  getting  along  nicely 
with  the  exception  of  being  a  little  short  of  labor.  They  have 
enougii  work  there  to  hold  them  for  a  year. 

L.  J.  Smith  of  the  L.  J.  Smith  Construction  Co.  in  addition  to 
being  a  successful  contractor  is  also  a  successful  farmer  and 
cattle  raiser.  Smith  had  an  auction  sale  of  some  Hereford  bulls 
and  cows  at  his  farm  at  Pleasant  Hill.  Mo.,  on  Friday,  Sept.  28. 
From  wfiat  we  can  learn  he  realized  in  the  neighborhood  of 
$150,000  on  this  sale.  Auction  sales  of  cattle  will  be  a  semi-yearly 
affair  on  the  Smith  farm  in  the  future.  The  Smith  Hereford's 
cieaned  up  all  the  big  prizes  at  fairs  in  the  Central  States  this 
fall.  A.  B.  KOENIG. 


Personals 

F.  M.  Edwards  has  been  appointed  city  engineer  of  Jackson- 
ville.   Fla. 

Charles  Schultz.  who  for  the  last  three  years  has  been  city 
engineer  of  McKinney.  Tex.,  has  been  given  the  additional  duties 
of  water  works  superintendent. 

Major  W.  AV.  Crosby,  formerly  chief  engineer  of  the  State 
Roads  Commission  of  Maryland,  has  been  promoted  to  lieutenant- 
colonel  of  the  104th  Regiment  of  Engineers. 

H.  Walter  Leavitt  has  recently  been  appointed  assistant  pro- 
fessor of  civil  engineering  at  the  University  of  Maine  to  succeed 
Prof.  E.  D.  Kingman.  Mr.  Lea\  itt  will  also  have  charge  of  all  the 
hi=rhway  testing  laboratories  of  the  Maine  State  Highway  Com- 
mission, which  are  located  at  the  university.  Mr.  Leavitt  was 
formerlv  student  testing  engineer  at  the  Oflice  of  Public  Roads, 
Washington.   D.    C 

A.  L.   Luedke  has  been  appointed  as  assistant  to  the  director 
of  the  U.  S.  Office  of  Public  Roads  and  Rural  Engineering,  with 


headquarters  at  Washington,  D.  C.  Previous  to  his  appointment 
to  this  position  Mr.  Luedke  served  as  engineer-economist  to  the 
office  of  public  roads  and  installed  the  management  and  account- 
ing systems  for  several  of  the  newly  organized  highway  commis- 
sions of  the  various  States. 

The  following  men  from  the  staff  of  the  El  Paso  Bridge  & 
Iron  Co.,  El  Paso,  Tex.,  have  received  commissions  in  the  army: 
E.  P.  Rankin,  Jr.,  captain  engineers.  Fort  Leavenworth,  Kan.; 
Henry  E.  Robertson,  captain  of  infantry.  Camp  Travis,  San 
Antonio,  Tex.;  L.  L.  White,  captain  artillery.  Camp  Travis,  San 
Antonio,    Tex. 


Obituaries 

William  W.  Marr,  chief  state  highway  engineer  of  Illinois, 
died  Oct.  3  at  his  home  in  Chicago  of  Bright's  disease.  He  had 
been  ill  since  last  June,  but  had  continued  at  his  work  until 
three  weeks  before  his  death.  Mr.  Marr  was  41  years  old.  He 
was  graduated  from  Notre  Dame  University  in  1895,  and  soon 
afterward  became  connected  with  the  Chicago  city  engineer's 
office,  and  later  was  a  division  engineer  with  the  board  of  local 
improvements.  He  was  the  engineer  in  charge  of  the  work  of 
paving  the  loop  with  creosote  wood  blocks.  He  was  appointed 
chief  engineer  of  the  State  Highway  Commission  by  Governor 
I>unne  and  when  the  highway  commission  went  out  of  commis- 
sion on  July  1  last  Governor  Lowden  appointed  him  chief  highway 
engineer. 


Industrial  Notes 

The  Macleod  Co.,  of  Cincinnati,  O.,  in  order  to  take  care  of  its 
rapidly  expanding  business,  has  enlarged  its  plant  and  increased 
its  capital  to  $100,000. 

B.  F.  Devine  has  recentl.v  been  made  assistant  advertising 
manager  of  the  Chain  Belt  Co.,  Milwaukee,  Wis.  Mr.  Devine  is 
at  the  present  time  assistant  manager  of  the  mixer  department 
and  he  will  hold  these  two  positions. 

The  Central  Foundry  Co.  has  secured  an  order  from  the  gov- 
ernment for  approximately  2,500  tons  of  4-in.,  6-in.  and  S-in. 
universal   pipe   and  a  large  quantity  of  fittings. 

T.  H.  Letson  has  opened  an  office  at  50  Church  street.  New 
York  City,  where  he  will  engage  in  the  sale  of  hoisting  and 
power  machinery  and  contractors'  equipment.  -V  used  machinery 
department  also  has  been  organized.  Fi-ederic  Glanden.  electrical 
and  mechanical  engineer,  is  associated  with  Mr.  Letson.  Mr. 
Letson  for  17  years  was  New  York  sales  manager  for  the  Ameri- 
can Hoist_&  Derrick  Co. 

John  1:2.  Woods,  formerlv  mana,ger  of  sales  of  the  Carnegie 
Steel  Co.,  Illinois  Steel  Co^  and  the  Tennessee  Coal,  Iron  & 
Railroad  Co.  at  Cincinnati,  O.,  has  been  appointed  assistant 
general  manager  of  sales  in  succession  to  John  W.  Di.x.  deceased, 
with  offices  in  the  Carnegie  Bldg.,  Pittsburgh,  Pa.  The  adver- 
tising and  statistical  work  of  the  Carnegie  Steel  Co..  however,  has 
been  separated  from  the  sales  work  proper,  and  R.  B.  Woodworth 
has    been   appointed   advertising    manager   and    sales    statistician. 

Statement  of  the  Ownership,  Management,  Circulation,  Etc., 
Required  by  the  Act  of  Congress  of  August  24,  1912, 

Of  Engineering  and  Contracting,  published  weekly  at  Chicago, 
HI.,  for  October  1,   1917. 

State  of  Illinois.  County  of  Cook,  ss. — Before  me,  a  notary 
imblic  in  and  for -the  State  and  county  aforesaid,  personally 
appeared  the  editor  of  the  Engineering  and  Contracting  and  that 
the  following  is,  to  the  best  of  his  knowledge  and  belief,  a  true 
statement  of  the  ownership,  management  (and  if  a  daily  paper, 
the  circulation),  etc.,  of  the  aforesaid  publication  for  the  date 
shov.'n  in  the  above  caption,  required  by  the  -Act  of  August  24, 
1912,  embodied  in  section  443,  Postal  Laws  and  Regulations, 
printed  on  the  reverse  of  this  form,  to  wit: 

1.  That  the  names'  and  addresses  of  the  publisher,  editor, 
managing  editor,   and   business   managers  are: 

Publisher — Engineering  and  Contracting  Publishing  Co..  Chi- 
cago,   Ili. 

Editor— Halbert    P.    Gillette.    Chicago.    111. 
Managing  Editor — C.    T.    Murray,    Chicago,   111. 
Business  Manager — Lewis  S.   Louer.  Chicago,  111. 

2.  That  the  owners  are:  (Give  names  and  addresses  of  in- 
dividual owners,  or,  if  a  corporation,  give  its  name  and  the 
names  and  addresses  of  stockholders  owning  or  holding  1  per 
cent  or  more  of  the  total  amount  of  stock.) 

Halbert    P.    Gillette,    Chicago,   111. 
Lewis  S.   Louer.  Chicago.  111. 
N.  M.  Clark,  Chicago,  lU. 

3.  That  the  known  bondholders,  mortga.^ees,  and  other  se- 
curity holders  owninsr  or  holding  1  per  cent  or  more  or  total 
amount  of  bonds,  mortgages,  or  other  securities  are:  (If  there 
are  none,   so  state.) 

None. 

I.  That  the  two  paragraphs  next  jibove.  giving  the  names 
of  the  owners,  stockholders,  and  security  holders,  if  any,  con- 
tain not  only  the  list  of  stockholders  and  security  holders  as 
tliev  appear  upon  the  books  of  the  company  but  also,  in  cases 
where  the  stockholder  or  security  holder  appears  upon  the  books 
of  the  company  as  trustee  or  in  any  other  fiduciary  relation,  the 
name  of  the  person  or  corporation  for  whom  such  trustee  is  act- 
ing, is  given;  also  that  the  said  two  paragraphs  contain  state- 
ments embracing  affiant's  full  knowledge  and  belief  as  to  the 
circumstances  and  conditions  under  v;hich  stockholders  and  se- 
curity holders  who  do  not  appear  upon  the  books  of  the  company 
as  irustees,  hold  stock  and  securities  in  a  capacity  other  than 
that  of  a  bona  fide  owner:  and  this  affiant  has  no  reason  to  be- 
llev.^  that  any  other  person,  association,  or  corporation  has  any 
interest  direct  or  indirect  in  the  said  stock,  bonds,  or  other  se- 
curities than  as  so  stated  by  him. 

^.  That  the  average  number  of  copies  of  each  issue  of  this 
publication  sold  or  distributed,  through  the  mails  or  otherwise, 
io    paid    subscribers    durinsr    the    six    months    preceding    the    date 

shown    above   is   .      (This   information    is   required   from   daily 

publications   only.) 

(Signed)    HALBERT   P.    GILLP:TTE.    Editor. 

Sworn  to  and  subscribed  before  me  this  261  h  day  of  Septem- 
ber,   1917. 

fSeal)  C.    E.   MKINDERS. 

(My  commission  expires  June   7,   1920.) 
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ATTENTION! 


American  Engineers  and  Superin- 
tendents Wanted  for  Road 
Work  in  France 

Civil  engineers,  contractors,  superintendents  and 
foremen  who  have  had  experience  in  highway  work 
row  have  a  chance  to  offer  their  services  to  their 
country.  Road  building  battalions  are  being  re- 
cruited and  will  form  part  of  the  23d  Regiment  of 
Engineers.  On  the  opposite  page  read  the  call  for 
service  in  this  battalion.  Read  it,  and  if  your  experi- 
ence, age  and  health  qualify  you,  consider  seriously 
whether  patriotism  does  not  have  precedence  over  any 
other  duty  or  desire. 

All  of  us  hope  and  many  of  us  believe  that  the 
world  war  will  have  ended  before  next  summer,  but 
preparation  must  be  made  to  carry  the  conflict  on  for 
years  if  need  be.  Hence  the  thoroughness  with  which 
the  American  Government  is  equipping  her  fighting 
men  and  preparing  to  organize  the  men  behind  the 
men  in  the  trenches.  Of  these  men  behind  the  lines 
none  will  render  a  greater  and  more  important  service 
than  those  who  are  to  build  and  maintain  the  roads 
ever  which  ammunition  and  subsistence  will  be  car- 
ried to  the  front. 

America  manufactures  a  greater  variety  of  road- 
building  machinery  than  any  other  nation,  and  Amer- 
icans know  how  to  use  it  most  efficiently  even  in  times 
of  peace.  In  war  time  we  doubt  not  that  a  greater 
efficiency  will  be  obtained,  and  that  American  road 
builders  will  not  only  do  their  important  part  well 
in  France,  but  will  teach  the  French  and  English 
themselves  how  to  utilize  labor  to  better  advantage. 

Remember,  you  American  highway  engineers,  con- 
tractors and  superintendents,  that  although  Tresag- 
uet  the  Frenchman,  and  MacAdam  the  Englishman, 
designed  the  earliest  types  of  economic  "hard  roads," 
it  was  Blake  the  American  who  invented  the  rock 
crusher.  Without  a  mechanical  rock  breaker,  cheap 
stone  roads  and  cheap  concrete  would  not  be  attain- 
able in  any  country  where  high  wages  prevailed.  Rock 
drills  operated  by  power  were  also  first  developed  by 
Americans.  J.  J.  Couch  in  1850  made  the  first  crude 
drill,  and  J.  M.  Fowle,  a  few  years  later,  invented  a 
drill  which  remained  supreme  as  to  type  until  recent 
years,  and  when  other  types  of  rock  drill  replaced  the 
reciprocating  type  for  certain  work,  they,  too,  were 
American  inventors. 

As   for  grading   machinery,   nearly   every   kind    in 


general  use  for  roadwork  was  first  developed  in 
America,  excepting  only  the  steam  shovel.  But  even 
the  steam  shovel  has  been  so  greatly  improved,  and 
so  many  new  types  of  it  have  been  invented  that 
America  leads  the  world  in  the  manufacture  of 
shovels. 

As  suggested  in  the  page  facing  this  editorial,  "A 
great  opportunity  is  offered  to  demonstrate  what 
skilled  Americans  can  do  with  modern  equipment." 
Who  will  respond  to  this  call? 


An  Unusually   Complete  "Extra- 
Work"  Clause 

Editorial  comment  on  the  ambiguity  of  "extra  work" 
clauses  in  specifications  appeared  in  our  last  issue, 
accompanied  with  a  brief  discussion  of  what  con- 
stitutes "actual  cost"  of  force  account  work.  In  these 
days  when  "cost  plus  a  fee"  contracts  are  so  preva- 
lent, engineers  and  contractors  may  well  devote  an 
unusual  amount  of  study  not  only  to  the  general  form 
and  wording  of  specifications  relating  to  "extra  work" 
clauses  and  "cost  plus"  contracts  but  to  the  question 
of  the  amount  of  net  remuneration  that  a  contractor 
.i^hould  receive  as  a  percentage  or  fee. 

Many  western  railways  have  been  in  the  habit  of 
paying  a  general  contractor  3  to  5  per  cent  of  the  cost 
of  construction  work  for  acting  as  a  general  business 
manager.  This  relates  to  very  large  jobs,  where  neai'- 
ly  all  the  work  is  sublet,  the  general  contractor  him- 
self having  direct  charge  only  of  those  parts  of  the 
work  that  it  seems  wise  not  to  sublet  or  those  jobs  on 
which  the  subcontractors  have  "welched." 

Extra  work  clauses  usually  specify  that  the  con- 
tractor shall  be  paid  "actual  cost"  plus  10  to  15  per 
cent  for  "overhead  charges  and  profit,"  often  includ- 
ing compensation  for  use  of  plant  in  the  percentage 
paid.  In  such  cases  great  care  should  be  taken  not 
only  to  specify  what  is  included  as  "overhead  charges" 
but  to  determine  whether  any  real  profit  is  likely  to 
remain  for  the  contractor  after  "overhead  charges" 
jire  paid  by  him.  We  purpose  discussing  this  matter 
at  some  length  in  future  issues,  incidentally  quoting 
trom  recent  specifications.  One  of  the  most  complete 
"extra  work"  clauses  that  has  come  to  our  attention  is- 
found  in  the  specifications  for  work  about  to  be  done 
(and  now  advertised  in  our  proposal  columns)  by  The 
Miami  Conservancy  District  of  the  State  of  Ohio  of 
which  Arthur  E.  Morgan  is  Chief  Engineer.  We 
quote : 

Extra  V\/ork. — If,  during  the  performance  of  this  contract,  it 
shall  become  necessary  or  desirable  for  the  proper  completion 
of   the   work   hereunder   to    order   additional   work    done   or   ma- 
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terials  furnished,  which  in  the  opinion  of  the  engineer  are  not 
susceptible  of  classification  under  the  Schedule  of  Unit  Prices, 
the  contractor  shall,  if  ordered  in  writing  b\'  the  engineer,  do 
and  perform  such  work  and  furnish  such  materials;  and  he  shall 
be  paid  there-for  the  actual  and  necessary  net  .cost,  as  deter- 
mined by  the  engineer,  plus  I.t  per  cent  thereof.  Such  actual  net 
cost  shall  cover  all  labor  and  materials  necessary  for  the  per- 
formance of  the  extra  work,  including  any  extraordinary  ex- 
penses incurred  directly  on  account  thereof,  the  wages  of  fore- 
men, and  the  expense  attached  to  contractor's  liability  insurance 
covering  the  labor  so  employed:  but  in  making  payment  to  the 
contractor  for  such  extra  wcik.  no  allowance  shall  be  made  for 
overhead  charges,  general  superintendence,  general  expenses, 
contingencie-s.  or  use  and  depreciation  of,  and  wear  and  tear 
upon  plant.  Charge  for  extra  work  shall  not  include  the  main- 
tenance of  the  contractor's  camp,  except  in  case  such  camp  be 
maintained   primarily  to  carry  on   extra  work. 

Th(  contractor  shall  have  no  further  claim  in  excess  of  the 
forescing,  and  this  method  of  payment  shall  not  apply  to  the 
performance  of  any  work  or  the  furnishing  of  any  material 
which  in  part  or  in  whole  is,  in  the  opinion  of  the  engineei'. 
susceptible  of  classification  under  the  Schedule  of  Unit  Prices. 
In  case  any  work  or  material  shall  be  required  to  be  done  or 
furnished  under  the  provisions  of  this  section,  the  contractor 
shall  at  the  end  of  each  day  during  the  progress  thereof  furnish 
to  the  engineer  daily  time  slips  showing  the  name  or  number 
of  each  workman  employed  thereon,  with  the  time  worked, 
the  character  of  work  he  is  doing  and  the  wages  paid  or  to 
be  paid  to  him.  and  also  a  daily  memorandum,  of  the  material 
used  on  si!ch  extra  work,  showing  the  amount  and  character 
of  si:ch  material,  from  whom  purchased,  and  the  amount  paid 
or  to  be  paid  therefor.  If  required  by  the  engineer,  the  con- 
tractor siiall  produce  any  books,  vouchers,  records,  and  memo- 
randa showing  the  w-ork  and  materials  actually  paid  for  ana 
the  actual  prices  tlierefor.  Sucli  daily  time  slips  and  memo- 
randa shall  not  be  binding  upon  the  district,  except  in  so  far 
as  they  are  reasonable,  accurate,  and  pertinent,  and  if  any 
question  or  dispute  should  arise  as  to  the  correct  cost  of  such 
extra  work  or  material,  the  determination  of  the  engineer  upon 
such  question  shall  be  final  and  conclusive. 

It  is  further  agreed  that  if  at  any  time  the  number  of  mer 
employed  by  the  contractor  on  work  done  under  this  section  of 
the  contract,  or  the  character  of  such  men  or  the'  plant  and 
equipment  so  employe-d,  are  not,  in  the  opinion  of  the  engineer, 
the  best  adapted  for  the  satisfactory  prosecution  o'f  the  work 
the  engineer  shall  so  notify  the  contractor  in  writing,  whereupon 
the  latter  shall  increase  or  decrease  the  number  of  men.  or 
substitute  different  men,  or  make  such  changes  in  plant  and 
equipment,  as  shall  be  ordered  by  the  engineer.  Extra  work 
so  ordered  shall  constitute  a  part  of  the  work  to  be  done  under 
this  contract,  and  all  and  singular  the  provisions  and  condi- 
tions of  this  contract  and  of  the  bond  accompanying  it  shall 
apply  to  the  said  extra  work  as  if  the  same  were  specified  in 
the  contract. 

As  a  condition  precedent  to  the  right  to  receive  any  money 
for  extra  work  and  material  furnished  under  this  contract,  the 
contractor  shall  deliver  to  the  board,  before  the  15th  day  of 
the  month  following  a  month  in  which  any  such  extra  work  has- 
been  done  or  e.xtra  material  furnished,  an  itemized  bill  of  the 
cost  of  such  materials  or  work,  and  unless  it  is  so  filed  the 
claim    for    an    extra   shall    be    deemed    waived. 


How  to  Keep  Workmen  on  the  Job 

In  the  far  west  about  the  only  class  of  laborers  who 
"stay  put"  are  the  Me.xicans.  Is  it  because  they  are 
not  given  to  "boozing"?  Or  are  they  naturally  con- 
tented with  whatever  befalls  them?  Or  is  it  because 
most  of  them  are  married  and  have  their  families  with 
them  on  the  job? 

Those  who  have  handled  different  classes  of  men 
in  the  west  seem  to  agree  that  while  Me.xiean  laborers 
are  not  so  restless  in.  disposition  as  Americans  and 
Europeans,  this  alone  does  not  account  for  their  in- 
clination to  stick  to  a  job  till  the  finish.  The  fact 
that  the  Mexicans  are  usually  accompanied  by  their 
families  accounts,  in  large  measure,  for  their  tendency 
to  remain  on  the  work. 

May  the  day  not  be  near  at  hand  when  the  Mexican 
method,  if  it  may  be  so  called,  will  be  generally  adop- 
ted? May  we  not  see  construction  camps  in  which  a 
neat  and  comfortable  house  will  be  provided  for  each 
workman  and  his  family?  May  not  the  e.xtra  cost  of 
providing  and   moving  the   portable  homes  be  offset 


by  the  greater  efficiency  of  the  working  forces? 

The  following  extract  from  a  paper  by  F.  B.  Tapley, 
read  before  the  Canadian  Railway  Club,  is  typical  of 
many  discussions  among  contractors  and  engineers  as 
to  steps  that  may  be  taken  to  eliminate  the  "hobo"  or 
nomad  laborer: 

I  lead  the  other  day  of  the  experience  of  a  prominent  Ameri- 
can railway  in  doing  some  track  elevation  woik  in  a  large  city. 
They  hired  2,S74  laborers  in  six  months  lo  keep  a  working  force 
of  400  men  filled  up.  In  other  words,  they  hired  the  men  over 
seven  times,  and  the  average  working  time  of  each  laborer 
amounted  to  a  trifle  over  twenty-one  days.  la  the  same  article, 
the  experience  of  a  firm  of  contractors  doing  public  work  ad- 
jacent to  another  large  city,  by  force  account,  is  given.  The 
work  consisted  of  ordinary  hand  work  in  rock,  which  is  about 
as  hard  and  unattractive  as  you  could  make  it.  yet  very  few 
changes  in  the  working  foice  took  place,  in  spite  of  the  fact 
that  the  rate  of  wages  paid  was,  on  the  whole,  considerably  be- 
low the  scale  obtaining  in  the  vicinity,  and  that  labor  agents 
from  munition  plants  endeavored  to  entice  the  workmen  away 
Ijy  t'ne  promise  of  higher  wages.  The  reasons  for  the  successful 
holding  of  the  men  on  the  job  were  quite  simple.  The  con- 
tractor saw  to  it  at  the  start  that  comfortable  buildings  were 
provided  in  which  to  house  the  men,  and  that  a  supply  of  good 
food,  coolved  and  served  in  the  way  the  different  nationalities 
desired  it,  was  on  hand.  These  two  influences  were  the  main 
things  that  kept  the  men  satisfied  and  on  the  job  for  a  year, 
in  spite  of  the  efforts  to  get  them  away.  Keeping  the  men  on 
the  job  has  the  big  advantage  of  a  la;-ger  output  of  work  per 
man,  and  a  more  efficient  %i-orking  gang.  It  is  obvious  to  any- 
one familiar  with  the  various  features  of  [railway']  maintenance 
work  that  the  longer  a  gang  works  together  and  the  fewer 
Ihr  changes  made,  that  the  work  goes  v.ith  a  better  swing  and 
a  higher  class  of  work,  and  more  of  it  will  be  turned  out  in  a 
working  day.  The  paper  does  not  say  what  arrangement  the 
railway  had  tor  housing  and  feeding  their  men,  but  you  can  make 
a  pretty  shrewd  guess  that  they  did  not  have  as  good  accom- 
modation as  the  contractor,  or  they  would  not  have  had  to  hire 
their  men   seA'en   times  over. 


Digging  Shallow  Trenches  with 
Plows  and  Scrapers 

Where  a  pavement  does  not  exist,  where  the  trench 
is  shallow,  and  where  the  amount  of  trench  work  is 
insufficient  to  warrant  purchasing  a  trench  machine, 
it  frequently  is  more  economic  to  dig  a  wide  trench 
with  plows  and  drag  scrapers  than  to  dig  a  narrow 
trench  with  picks  and  shovels.  Even  where  the 
depth  exceeds  3  ft.,  it  often  pays  to  dig  the  upper 
3  ft.  with  scrapers  and  finish  the  lower  part  with 
shovels. 

A  two-horse  plow  will  loosen  as  much  ordinary 
earth  as  15  or  20  men  will  pick,  and  a  drag  sci'aper 
'^vill  dig  more  dirt  than  6  or  8  men  will  shovel.  Hence 
doubling  the  width  of  the  trench,  to  permit  the  use 
,if  a  scraper,  still  leaves  the  scraper  method  cheaper 
than  the  shovel  method,  to  say  nothing  of  the  ability 
to  make  good  progress  even  when  laborers  are  scarce. 


Effect  of  Inadequate  Ventilation  on  Tun- 
neling Progress 

An  interesting  example  of  the  effect  of  poor  ventila- 
tion on  the  efficiency  of  men  engaged  in  underground 
work  was  cited  by  Dr.  A.  J.  Lanza  of  the  Bureau  of 
Mines  in  a  paper  presented  at  the  recent  meeting  of 
vhe  National  Safety  Council.  A  mine,  driving  a  long 
drift  about  3,000  ft.  below  the  surface,  was  paying 
$15  per  foot,  day's  pay.  The  place  was  hot  and  moist. 
A  small  blower  fan  was  installed  at  the  entrance  to 
the  drift,  with  a  canvas  pipe  leading  nearly  to  the 
working  face,  and  without  any  other  change  the  cost 
was  reduced  to  $8  per  foot,  day's  pay.  In  shaft  sink- 
ing this  mine  had  made  50  ft.  in  one  month  and  60 
ft.  in  another.  A  small  blower  with  canvas  pipe  was 
installed  and  the  next  month  120  ft.  was  the  prog- 
ress made. 
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Railroad  Construction  at  Long 
Island  Cantonment 

One  of  the  new  Government  cantonments  for  the 
national  army  is  located  on  Long  Island  on  the  Long 
Island  R.  R.,  about  65  miles  from  New  York  City. 
Hasty  construction  of  trackage  facilities  by  the  Long 
Island  R.  R.  was  required  to  enable  it  to  handle 
promptly  the  construction  materials  and  accessories 
for  the  construction  of  the  camp  buildings.  The 
methods  employed  in  carrying  out  the  track  work  were 
described  by  Mr.  Coleman  King,  Supervisor,  Long 
Island  R.  R.,  in  a  paper  presented  Sept.  18  at  the  re- 
cent annual  convention  of  the  Roadmasters'  and 
Maintenance  of  Way  Association,  from  which  the 
matter  following  is  taken. 

The  layout  finally  adopted  by  the  Government  re- 
quired the  construction  of  about  11  miles  of  track, 
3I/4  of  which  were  to  take  care  of  the  contractor's 
material  for  the  construction  of  the  camp  buildings 
rnd  necessary  accessories.  The  balance,  7-^4  miles, 
were  for  the  permanent  layout,  including  a  "Y"  to 
facilitate  the  operation,  a  passenger  yard,  engine 
yard,  freight  yard,  team  yard,  wood  yard,  coal  trestle 
and  large  storehouse  tracks.  This  required  the  as- 
sembling of  116,160  ft.  of  rail,  42  turnouts  of  various 
sizes  complete  and  29,000  ties  together  with  all  the 
other  track  fastenings. 

At  the  time  the  Government  order  for  the  construc- 
tion of  this  camp  was  finally  made  formal  the  amount 
of  track  material  actually  at  the  railroad's  main 
storage  point  was  negligible  and  it  required  thor- 
oughly combing  the  entire  road  for  the  necessary  ma- 
terial. After  all  material  not  in  the  track  was  finally 
picked  up  it  was  found  that  the  amount  was  not  suf- 
ficient, and  a  number  of  small  sidetracks  which  had 
not  been  in  use  for  some  time,  and  which  were  not 
likely  to  be  used  in  the  very  near  future,  were 
taken  up. 

All  the  new  rail  on  hand,  which  unfortunately  was 
a  comparatively  small  amount,  was  laid  in  track  so 
as  to  recover  the  old  rail  for  this  construction.  It 
can  be  readily  seen  that  in  order  to  pick  up  this  large 
amount  of  rail  at  least  one-half  dozen  different 
weights  and  sections  were  represented  and  of  course 
the  rail  which  was  most  accessible  was  picked  up 
first,  and  the  future  assembling  done  in  order,  which 
necessarily,  therefore,  required  the  use  of  a  great 
number  of  compromise  joints.  Of  course  it  was  im- 
possible to  get  them  in  time  from  the  manufacturers, 
and  accordingly  the  railroad  blacksmiths  were  im- 
mediately put  to  work  and  commenced  turning  out 
home-made  bars  as  fast  as  possible. 

Practically  all  the  rail  used  was  lying  alongside  of 
main  track  which  required  the  use  of  an  engine  and 
derrick  for  loading  it;  excepting  only  where  ties  to- 
gether with  small  lots  of  rails  were  loaded  at  various 
points  along  the  line,  all  the  loading  was  done  by 
hand.  Two  gangs  of  men  with  work  train,  consisting 
of  foreman  and  15  men  in  each  gang  were  almost  con- 
tinuously employed  at  loading  small  lots  of  rail  and 
ties  and  necessary  fastenings. 

The  ties  loaded  were  those  in  piles  along  sections 
intended  for  this  year's  renewals,  only  50  per  cent 
of  the  allotment  having  been  installed  owing  to  labor 
shortage.  As  far  as  the  ties  were  concerned  the  rail- 
road was  most  fortunate  inasmuch  as  it  had  a  great 
number  of  oak  ties  coming  in  from  the  South  in  box 
cars.  The  majority  of  these  ties  were  unloaded  at 
two  central  points  easily  accessible  to  the  camp  where 


they  were  unloaded  from  the  various  cars  and  in- 
spected. Those  ties  were  later  reloaded  onto  gon- 
dolas or  flat  cars  by  work  train  «s  fast  as  required 
for  the  construction  work.  Prior  to  receiving  those 
ties,  however,  it  was  necessary  to  load  some  of  the 
renewal  ties  as  previously  mentioned. 

The  construction  work  started  on  June  28,  first  by 
laying  of  a  siding  parallel  with  the  main  track  % 
mile  long  to  accommodate  the  unloading  and  release- 
of  cars  of  contractor's  materials  already  in  transit. 
The  next  work  started  was  the  laying  of  the  3%  miles 
of  contractor's  material  trackage,  the  main  stem  of 
which  is  12,700  ft.  long  with  its  alignment  through 
the  camp  grounds  so  laid  out  to  have  the  tracks  con- 
venient to  location  of  buildings  to  be  constructed. 
The  right  of  way  was  cleared  by  the  contractor's  men. 
Track  was  laid  over  the  rough  ground,  no  grading 
being  done  other  than  cribbing  over  short  sags,  in 
some  instances  over  8  per  cent  grades.  The  track 
was  raised  later  reducing  the  gradient  to  2i'2  or  3  per 
cent  on  these  grades. 

The  railroad  organization  consisted  of  six  small 
extra  gangs  with  a  daily  average  of  75  laborers,  one 
team  of  horses,  and  one  work  train  with  car  of  rail 
1  head  and  two  cars  of  ties  next.  Dollys  were  used  to 
skid  the  rail  ahead  onto  push  cars.  The  team  was 
used  to  distribute  half  the  required  ties  ahead,  the 
balance  being  unloaded  from  cars  as  movements  ahead 
were  made  and  put  under  to  rear  of  train.  The  ma- 
terial trackage  was  laid,  surfaced  and  completed  on 
Aug.  7.  At  about  the  same  time  that  the  contractor's 
material  tracks  were  started  the  grading  for  the  per- 
manent terminal  trackage  was  started.  This  track- 
age was  to  handle  the  passenger  and  freight  business 
of  the  camp  with  passenger  and  freight  stations  lo- 
cated about  one  mile  from  main  track  on  the  camp- 
grounds and  required  permanent  roadway  construc- 
tion. In  the  construction  of  this  trackage  of  7%  miles, 
20,000  yd.  of  grading  material  was  handled  to  make 
the  grade.  This  grading  was  handled  by  one  steam 
shovel,  two  locomotive  cranes,  one  A-frame  derrick 
mounted  on  car,  one  spreader  car,  one  engine  and 
crew,  20  12-yd.  dump  cars,  2  grading  foremen,  and 
43  laborers. 

The  locomotive  cranes  and  A-frame  derrick  also 
were  used  in  handling  materials.  The  necessary  right 
of  way  clearing  for  this  trackage  was  done  by  rail- 
way company  forces.  A  road  roller  was  pressed  into 
service  as  a  stump  puller.  The  laying  of  the  track 
followed  closely  after  the  grading.  The  labor  forces 
engaged  at  the  right  of  way  clearing,  track  construc- 
tion, handling  of  materials  and  assisting  carpenters 
en  terminal  building  materials  consisted  of  6  extra 
gang  foremen  and  110  laborers. 

Both  the  contractor's  material  tracks  and  perma- 
nent terminal  yard  trackage  were  ballasted  with 
cinders.  A  total  of  369  hopper  car  loads  approxi- 
mately 26,000  yd.  were  used,  all  hauled  60  miles  from 
western  terminal,  80  per  cent  of  which  was  purchased 
from  New  York  City  industries  and  delivered  to  the 
railroad  company's  Long  Island  city  dock  on  scows. 

In  order  to  properly  handle  the  business  at  the  camp 
in  addition  to  the  regular  traffic  on  the  portion  of 
single  track  main  line  it  was  also  necessary  to  in- 
crease the  length  of  the  passing  sidings  at  several 
points.  This  necessitated  about  7,400  ft.  of  addi- 
tional track  with  the  necessary  rail-ties  and  track 
fastenings  to  build. 

At  the  camp  terminal  was  constructed  a  passenger 
station  freight  house,  engine  house,  water  tank,  train 
and  engine  men's  buildings  with  eating  and  sleeping^ 
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quarters,  etc.  All  the  railroad  company's  forces  with 
the  exception  of  the  carpenter  gang  who  had  tem- 
porary eating  and  sleeping  quarters  at  the  camp,  were 
moved  each  day  in  coaches  by  work  train  to  and  from 
the  Jamaica  terminal,  a  distance  of  54  miles  one  way. 


Cost  of  Blasting  at  a  Colorado  Quarry 

Many  quarrymen  are  now  using  explosives  contain- 
ing less  nitrogen  than  the  straight  or  gelatine  grades. 
In  a  blast  at  the  quarry  of  the  Colorado  Portland 
Cement  Co.,  at  Portland,  Colo.,  61,000  tons  of  rock 
were  broken  down  with  Monobel  No.  6  explosive  at  a 
cost  of  about  3%  cts.  per  ton.  The  quarry  face  is 
from  39  ft.  to  49  ft.  high.  The  stone  consists  of 
homogeneous  layers  of  limestone  varying  in  thickness 
from  6  to  28  ins.  and  separated  by  thin  layers  of  shale 
also  varying  from  nothing  up  to  6  or  8  ins.  The  strat- 
ification is  flat  and  the  quarry  floor  practically  level. 
Holes  were  drilled  with  a  Keystone  cable  drill,  size  0, 
driven  with  a  15  H.P.,  variable  speed  electric  motor, 
using  a  5^'s-in.  diameter  bit.  Each  hole  was  drilled 
2  ft.  below  the  quarry  floor  level. 

The  blast  consisted  of  44  holes,  arranged  in  four 
rows.  Holes  were  spaced  20  ft.  apart  and  the  first 
row,  consisting  of  15  holes,  was  set  20  ft.  back  from 
the  face,  with  18  ft.  between  the  rear  rows.  From 
265  to  425  lbs.  of  Monobel  No.  6  were  loaded  per  hole. 
Each  hole  was  primed  with  two  No.  7  Du  Pont  electric 
blasting  caps.  One  set  of  detonators  was  connected 
in  series  and  the  other  set  in  parallel  and  all  fired  by 
meajis  of  a  220-volt  D.  C.  power  current.  Sand  was 
used  for  tamping. 

The  charge  of  powder  in  the  first  row  was  figured 
for  2^4  cu.  yd.  of  stone  per  pound.  This  was  done  in 
view  of  there  not  being  any  burden  in  front  at  the 
bottom  from  previous  shot  as  steam  shovel  in  the  last 
cut  through  had  cleaned  up.  Holes  in  the  rear  rows 
were  loaded  for  2  cu.  yd.  per  pound  of  explosive.  This 
was  to  obtain  a  better  shattering  effect  from  the  rear 
rows,  as  experience  has  shown  that  in  order  to  get  de- 
sired fragmentation  when  two  or  more  rows  of  holes 
are  fired  simultaneously,  rear  row  holes  must  be  more 
heavily  loaded  as  they  must  contain  sufficient  powder 
to  heave  up  and  shatter  the  material  rather  than  push 
it  out. 

The  following  summary  gives  in  detail  the  cost  of 
preparing  and  firing  the  whole  blast: 

Numb«r  of  holes 44 

Spacing   average    20  ft. 

Burden   average    20.(T  ft 

Depth    average    45  ft! 

Tons  of  rock   broken 61  182 

Cubic   yards    30!213 

Cost  of  drilling    (labor) $    261. S9 

Cost  of  drilling   (power) 24.00 

Total  cost  of  drilling 

Total   feet    of   hole 

Cost  per  ft.   of  hole   (drilling) ^ 

Cost  per  ton  of  rock  (drilling) 

Charge  of  powder  per  hole 265  lb.  to  425  lb. 

Amount  of  Mon.  powder  in  shot 14.850  1b 

Amount  of  Giant  powder  in  shot 100  lb 

Cost  of  44-42  ft.  fuses  at  $0.1S48 $ 

Cost  of  9-36    ft.    fuses    at    $0.1f.::2 

Cost  of  42-24  ft.   fuses  at   $0.1200 

Cost  of  Mon.   at  $0,125,   including  freight 1 

Cost  of  Giant  at  $0,115,  including  freight 

Cost  of  shot  (powder  and  fuse) 1 

Cost  of  shot   (drilling  and  loading) 


$    2S5.S9 


!.094 


S.13 
1.47 
5.04 
826.25 
11.50 
852.39 
325.64 


Total   cost   of   shot $2  178  03 

Cost  per  ton  of  rock  (powder  and  fuse) $   '       .0302 

Cost  per  ton  of  rock  (drilling) .0046 

Cost  per  ton  of  rock    (loading) .0006 


Total  cost  per  ton  of  rock $  .0354 

Number  ft.  of  powder  in  all  holes 1,294 

Number  pounds   of  powder  in   shot 14,850 

Number  of  pounds  of  powder  per  ft.   of  hole  from  5%" 

bit    12.25 

Amount  of  rock  broken  per  pound  of  powder:   4.0  tons, 

or  2.03  yds. 


A  New  Leyner  Machine  for  Punch- 
ing Out  the  Bits  and  Shanks 
of  Hollow  Drill  Steel 

In  rock  drilling  operations  with  the  hammer  drill, 
using  hollow  drill  steel  and  air  or  water  to  expel  the 
cuttings  from  the  drill  hole,  there  is  considerable 
carelessness  in  the  matter  of  keeping  the  hole  in  the 
drill  steel  properly  opened.  Plugged  steels,  wholly 
or  in  part,  prevent  proper  functioning  of  the  drill, 
drilling  speed  is  retarded,  water  tubes  are  bent  or 
broken  and  time  is  lost  tinkering  or,  as  often  happens 
the  drilling  gang  is  idle  while  some  one  makes  a  trip 
to  the  shop  after  another  drill  steel  or  water  tube. 

To  relieve  this  condition,  the  Ingersoll-Rand  Co. 
has  developed  and  is  placing  on  the  market,  as  an 
auxiliary  to  the  Leyner  sharpener,  a  new  device — the 
Leyner  shank  and  bit  punch. 

This  compact  and  simply  constructed  machine  con- 
sists principally  of  a  cast  iron  pedestal,  at  the  top 
of  which  are  bolt- 
ed t  h  e  clamping 
and  punching  cyl- 
inders and  appa- 
ratus. The  drill 
steel  is  clamped 
by  two  jaws 
brought  together 
by  the  movement 
of  a  pinion,  op- 
erated by  the 
clamping  cylinder 
through  the  me- 
dium of  a  rack  on 
the  extended  pis- 
ton rod.  The  heat 
treated  steel 
punching  pin  is 
attached     to     the 

piston  of  a  punch-  ^'^""-  ^'""'^  """  ^'*  ^""=*'- 

operating  cylinder,  and  in  such  manner  that  it  may 
be  readily  removed  should  occasion  require.  The 
front  head  of  the  punch  cylinder  is  provided  with 
?  clearance  space  around  the  punching  pin  so 
that  on  the  extreme  reverse  stroke  air  is  ex- 
hausted against  the  heated  pin,  effectually  cooling 
it.  The  maximum  stroke  of  the  punch  is  6  in.  An 
adjustable  stop  for  the  drill  steel  is  provided  to  reg- 
ulate the  distance  to  which  it  is  desired  to  have  the 
pin  penetrate.  The  standard  punching  pin  is  5/16 
in.  diameter  for  a  distance  of  2  in.  from  the  end  and 
%  in.  for  the  remainder. 

The  operation  of  the  machine  is  controlled  by  a 
single  lever  moving  in  a  T-slot.  A  downward  move- 
ment clamps  the  steel  and  a  further  side  movement 
operates  the  punch.  The  operation  of  the  control 
lever  locks  the  clamp  jaws  before  the  punch  can  be 
brought  into  action.  In  like  manner  the  punching 
device  must  be  in  neutral  position  before  the  clamp 
jaws  can  be  opened.  This  safety  feature  prevents 
action  of  the  punch  before  the  steel  is  firmly  clamped 
and  in  perfect  alignment. 

All  moving  parts  are  protected  from  dirt,  grit  and 
damage  by  tight-fitting  covers ;  likewise  the  operator 
is  guarded  from  injury. 

The  Leyner  shank  and  bit  punch  occupies  a  floor 
bpace  22x44  in.  and  weighs  400  lb.  A  planking  sup- 
port is  the  only  foundation  needed. 
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The  Motor  Truck  and  Trailer  in  Telephone  Line  Construction 


Fial—LoADiNS   35  Ft.  Poles   with  "Home   Made"  Deo  ciick       Fi&  2-Smowin&  Hotv  Poles  areTaken  from  Trailer  at^d  Set  byZMen 


F/6  5-Methoo  or  La 


Motor  trucks  and  trailers  are  being  used  extensively 
in  telephone  line  construction  by  the  Western  Division 
of  the  Mountain  States  Telephone  &  Telegraph  Co., 
of  which  Mr.  E.  F.  Coyer  is  Division  Construction 
Superintendent.  Several  interesting  methods  of  handl- 
ing the  work  with  this  equipment  are  illustrated  above. 
The  home-made  derrick  shown  in  the  view,  con- 
structed mostly  from  telephone  poles  and  mounted  on 
a  3-ton  White  truck,  has  proved  of  great  economy  in 
handling  material. 

Figure  1  shows  the  derrick  loading  35  ft.  poles  on 
21/2-ton  Troy  trailers.  The  device  is  operated  by  the 
winch  from  the  truck  and  two  men.  This  equipment 
replaces  4  teams  and  10  men.  A  special  bolster  is 
used  in  the  center  of  each  trailer  when  hauling  long 
poles.    Fig.  2  shows  the  truck  loaded  with  cross  arms 


and  the  trailers  loaded  with  25-ft.  poles.  It  also  illus- 
trates the  method  of  taking  poles  from  the  trail- 
ers and  setting  by  two  men.  This  arrangement  re- 
places 3  teams  and  12  men.  The  new  method  of  set- 
ting 30-ft.  poles  is  shown  in  Fig.  3. 

Figure  4  shows  how  lead-covered  cable  is  hauled 
when  long  drives  are  necessary.  The  train  consists 
of  the  3-ton  truck,  two  2i2-ton  trailers  and  2  two 
special  2-wheel  trailers.  The  total  weight  of  cable 
carried  is  24,000  lb.  This  equipment  replaces  3  teams 
and  12  men.  The  method  of  loading  the  cable  with 
the  truck  winch  and  2  men  is  shown  in  Fig.  5. 

The  method  of  stringing  16  wires  at  one  time,  which 
is  somewhat  unusual  in  the  telephone  business,  is 
shown  in  Fig.  6. 
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$4,000,000  Construction  Job 
Completed  in  8  Weeks 

The  War  Department's  largest  cantonment  for  the 
housing,  care  and  training  of  the  new  national  army 
-cf  the  United  States,  is  located  at  American  Lake,  in 
^he  State  of  Washington.  Built  for  the  immediate 
■occupancy  of  48,000  troops,  it  was  completed  within  8 
weeks  after  the  construction  chart  had  been  finally 
approved  by  the  Government  authorities.  The  con- 
tractors established  a  record  not  only  for  speed,  but 
one  that  is  unique  in  other  respects.  The  work  was 
accomplished,  to  the  complete  satisfaction  of  the  Gov- 
ernment, without  dispute  of  any  kind  between  con- 
tractors and  Government  or  local  authorities,  without 
labor  trouble  of  any  kind,  except  the  inevitable  shift- 
ing of  personnel  at  pay-days;  without  accident  of  any 
serious  kind  to  men  or  materials,  and  without  sick- 
ness of  any  kind  among  the  men  employed. 

The  construction  contract  was  awarded  on  June 
14  to  to  the  Hurley-Mason  Co.  of  Tacoma.  The  chart 
indicating  the  numbers  of  buildings  of  each  type  to 
be  built  was  put  in  the  hands  of  the  contractors  on 
July  2,  was  modified  on  July  5,  and  finally  approved 
en  July  10.  Soldiers  of  the  new  army  were  to  arrive 
on  Sept.  5  and  must  be  taken  care  of.  Eight  weeks 
were  thus  allowed  for  the  work.  And  in  that  time  it 
was  done. 

The  cantonment  is  built  in  the  general  shape  of  a 
XJ,  the  size  of  which  is  indicated  in  the  fact  that  the 
service  railroad,  running  from  one  tip  of  the  U  around 
"the  base  to  the  other  tip,  is  5  miles  in  length.  Streets 
in  the  cantonment  are  laid  out  in  orderly  fashion  and 
numbered,  and  each  building  carries  its  number  and 
designation  corresponding  to  its  use.  The  buildings 
are  of  several  different  types,  and  include  barracks 
for  the  soldiers,  officers'  quarters,  mess  houses,  store 
houses,  lavatories  attached  to  each  building,  stables 
find  sheds.  The  number  of  buildings  and  their  use 
is  indicated  as  followes: 

Aniniiin;tit,m    Train IS 

Supply  Train   S 

Engineers'  Train  4 

Sanitar^    Tr.ain   24 

Heavy  ArtiUery   22S 

Teiesrapli   and   Signal S 

Extra  Buildings   2S 

These  buildings,  a  total  of  1,148,  constituted  the 
original  plan;  but  to  these  have  since  been  added  the 
•68  buildings  of  the  hospital  group,  and  approximately 
200  remount  stables.  The  buildings  are  all  con- 
structed upon  the  standard  Government  plans,  most 
of  the  larger  ones  being  built  on  the  unit  system,  by 


Infantry    

Division    Headquarters. 
Brigade    Headquarters. 

Field    Artillery    

Engineers    

Signal    Corps 

Headquarters'    Train... 


king   Across 


which  the  length  may  be  increased  by  simply  adding 
other  units. 

All  the  buildings  are  of  frame  construction.  The 
barracks  and  officers'  quarters  have  double  floors 
with  paper  lining;  the  walls  are  ceiled  on  the  inside, 
and  covered  with  building  paper  and  siding  on  the 
outside.  Two-ply  roofing  paper  is  used  throughout 
the  construction.  The  windows  are  sliding,  and  doors 
and  windows  are  all  stock  size.  The  warehouses,  sta- 
bles and  other  buildings  of  that  kind  are  finished  on 
the  outside  with  one-ply  roofing  paper  with  battens. 


~^^m 


The  hospital  buildings  are  of  a  better  class  of  con- 
struction and  have  wall-board  partitions  and  ceilings, 
whereas  the  partitions  in  the  other  buildings  are 
ceiled. 

On  a  work  of  such  magnitude,  with  everything  to 
be  completed  and  in  readiness  within  so  short  a  time, 
it  was  necessary  to  attack  virtually  every  part  of  the 
undertaking  at  the  same  time.  While  the  buildings 
were  under  construction,  work  was  also  in  progress 
en  the  improvement  of  the  site,  road  building,  in- 
stallation of  the  water  system  and  sewer  construction. 
The  generally  level  character  of  the  cantonment  site 
made  little  grading  necessary.  Ten  saw-mills  estab- 
lished by  the  Hui-ley-Mason  Co.  just  outside  the 
"legs"  of  the  U,  turned  all  the  lumber  into  proper 
dimensions,  and  this  was  delivered  at  the  exact  point 
of  use  by  rail  or  auto  truck. 

Meanwhile  work  proceeded  on  the  sewage  and  water 
systems.  The  water  for  the  cantonment  is  taken  from 
five  springs,  located  west  of  American  Lake.  From 
these  springs  the  water  is  pumped  a  distance  of  ap- 
proximately 12,000  ft.  through  two  10-in.  lines  of 
wood  stave  pipe,  to  three  200,000-gal.  wood  tanks  lo- 
cated on  a  hill,  giving  a  head  of  about  125  ft.     The 
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■water  then  flows  by  gravity  through  two  independent 
lines  of  pipe,  starting  with  14-in.,  then  12,  then  10, 
and  so  on,  reducing  in  size.  There  are  in  use,  ap- 
proximately, the  following  lengths  of  each  size  of 
pipe: 

Feet. 

14-inch    20,415 

12-inch    •. .' lO.lJfliJ 

10-inch    30,320 

8-inch    2.600 

6-inch    ; 20.000 

Small  iron  pipe 50.000 


Total 


.l:;;!.3:! 


t  Camp   Lewis. 


The  sewer  system,  like  the  water  system,  is  of  per- 
manent construction.  The  pipe  ranged  in  size  from  6 
in.  to  30  in.  It  was  distributed  as  follows:  .50,000  ft. 
of  laterals  on  the  south  trunk;  south  trunk  proper, 
7,700  ft.;  north  trunk  laterals,  44,384  ft.;  north  trunk 
proper,  8,452  ft.  These  two  trunk  lines  empty  into  the 
outlet  sewer,  15,725  ft.  in  length,  crossing  the  high- 
way and  the  main  railroad  line  near  the  American 
Lake  station,  and  thence  crossing  private  property  to 
a  point  on  Puget  Sound  where  it  is  carried  to  deep 
water,  making  a  total  of  126,261  ft.,  or  24  miles  of 
sewers. 

The  contonment  streets  and  buildings  are  lighted 
by  electricity.  Electric  current  is  purchased  from 
the  Puget  Sound  Traction,  Light  &  Power  Co. -and  is 
distributed  throughout  the  cantonment  on  govern- 
ment poles. 

All  of  the  barracks  are  heated  by  stoves ;  the  offi- 
cers' quarters  are  heated  by  individual  steam  plants, 
and  the  hospital  buildings  are  all  heated  from  one 
central  steam  plant. 

The  materials  used  in  the  construction  of  this  can- 
tonment have  come  from  all  parts  of  the  United  States. 


Inasmuch  as  the  buildings  are  all  of  frame  construc- 
tion, the  biggest  single  requirement  in  the  way  of 
material  was  lumber;  and  lumber  being  one  of  the 
biggest  basic  resources  of  the  Pacific  Northwest,  the 
local  product  was  used.  The  lumber  for  the  canton- 
ment was  purchased  through  the  Fir  Emergency  Com- 
mittee in  Tacoma,  as  were  also  the  sash  and  doors,  in- 
cluding glass.  The  Government  made  contracts  in 
Washington,  D.  C,  for  much  of  the  other  material, 
and  instructed  the  Hurley-Mason  Co.  to  send  in  con- 
firmatory orders.  All  of  the  cantonments  were  taken 
care  of  in  this  way,  so  that  those  nearest  to  sources 
of  supply  were  not  permitted  to  interfere  with  the 
supplies  of  those  farther  distant. 

Except  where  the  contracts  were  made  at  the  Na- 
tional Capital,  materials  of  all  sorts  for  Camp  Iiewis 
were  purchased  as  near  to  the  work  as  it  was  possi- 
ble to  procure  them.  With  so  little  time  in  which  to 
complete  construction,  it  was  absolutely  essential  to 
get  the  materials  on  the  ground  without  delay.  This 
involved,  first,  getting  the  orders  out  immediately; 
.secondly,  placing  the  orders  with  those  who  were  able 
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to  fill  them  at  once;  and  finally,  obtaining  speedy  de- 
livery through  the  Hurley-Mason  transportation  de- 
partment. 

Labor  for  the  construction  of  Camp  Lewis  was  ob- 
tained, in  the  first  place,  from  Tacoma,  the  nearest 
city.  When  that  source  was  exhausted,  the  Hurley- 
Mason  Co.  reached  into  Seattle,  Spokane,  Portland, 
and  even  as  far  as  San  Francisco,  to  get  the  number 
of  men  necessary  to  complete  the  work  on  time.  The 
work  began  with  approximately  5,000  men  employed, 
but  the  number  was  steadily  increased  until  it  reached 
V,  maximum  of  more  than  10,000  men.  Eight  hours  con- 
stituted the  day's  work,  and  the  standard  scale  pre- 
vailing in  Tacoma  at  the  time  the  contract  was  award- 
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ed  prevailed  throughout  the  period  of  construction. 
The  commissary  department  of  the  contractors  fed 
and  housed  all  the  men  who  wished  to  live  in  the 
camp,  and  those  who  preferred  to  live  in  Tacoma, 
about  18  miles  distant,  went  back  and  forth  on  special 
trains  or  by  motor  cars  and  auto  trucks.  Progress  of 
the  work  was  at  no  time  disturbed  or  even  threatened 
by  labor  troubles.'  Men  quit  from  time  to  time  for, 
reasons  of  their  own,  and  new  men  came  to  take  their 
places;  but  the  work  swung  through  to  completion 
without  friction. 

A  very  complete  and  effective  system  of  organiza- 
tion was  naturally  required  in  order  to  carry  on  the 
big  undertaking  and  turn  the  cantonment  over  to  the 
Government,  ready  for  occupancy,  within  the  time 
allowed.  The  Hurley-Mason  administration  depart- 
ment dealt  directly  with  the  army  administration, 
represented  by  Major  David  L.  Stone,  U.  S.  A.,  con- 
fctructing  quartermaster.  The  plans  for  all  the  work 
were  furnished  by  the  Government  and  the  entire 
construction  was  under  the  charge  of  Major  Stone. 
The  contractors'  administration  department  directed 
Mnd  controlled  the  activities  of  all  other  necessary  de- 
partments, as  auditing,  quantity  survey,  building 
sewers,  plumbing,  heating,  lighting,  water  and  com- 
missary, out  from,  and  inter-related  with  which,  were 
the  labor  bureau,  information  bureau,  timekeepers, 
purchasing  department,  plant  and  plant  transporta- 
tion and  repairs,  stores  and  transportation,  and  book- 
keeping. 

Major  Stone  was  assisted  by  specialists  in  their 
various  lines.  The  sewer  and  water  systems  were 
under  Engineer  W.  J.  Roberts;  buildings  under  Cap- 
tain Louis  M.  Lang  and  Captain  Charles  H.  Alden; 
electfic  light  and  power  under  Captain  James  S.  Ir- 
vine, and  the  surveying  under  Captain  Howard  M. 
Smitten. 


Service  Rates  for  Cranes  at  Panama 

The  rates  charged  for  the  service  of  cranes  and  lo- 
comotives in  the  Canal  Zone,  according  to  a  circular 
issued  last  month  from  the  executive  office  of  the 
Panama  Canal  are  as  follows: 

1.  Loci.inotive  cranes  of  Itss  than  75  tons  capacity,  including 
engineer,  fireman  and  the  cost  ot'  coal,  oil,  waste  and  repairs: 

Per  hour. 
Between    departments    and    divisions    of    the    Panania 

Canal  and   the   Panama  Railroad $2.7.t 

For  overtime  service 3.25 

To  individuals  and  companies 3.50 

F'or    overtime    service 4.25 

2.  Wrecking  cranes  of  75  tons  capacity; 

Between    departments    and    divisions    of    the    Panama 

Canal  and  the  Panama  Railroad 

For   overtime   service    

To    individuals    and    companies 

For   overtime   service    

3.  Wrecking  crane  of  100  tons  capacity: 
Between    departments    and    divisions    of    the    Panama 

Canal  and   the   Panama  Railroad 

For  overtime  service    22. i 

To    individuals    and    companies,      including      overtime 
service    25.00 

4.  Locomotive   service: 

To    individuals    and    companies 12.00 


4.50 
5.00 
6.00 


20.00 


Since  April  21,  when  the  Railroads  War  Board  was 
created,  the  excess  of  unfilled  car  requisitions  over 
idle  cars  (or  what  is  commonly  called  car  shortage) 
has  been  reduced  70  per  cent.  On  April  30,  the  so- 
called  car  shortage  amounted  to  148,627.  On  June  30 
these  figures  had  been  cut  to  77,144.  On  Aug.  1  the 
excess  of  unfilled  car  requisitions  over  idle  cars 
amounted  to  only  33,776. 


The  Sierra  &  San  Francisco  Power  Co.,  of  Oakdale, 
Cal.,  contemplates  an  expenditure  of  $5,000,000  for  the 
construction  of  storage  reservoirs,  enlargement  of 
ditches  and  the  remodeling  of  flumes. 
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The  Three    15   Cu.    Yd.    Dipper 

Dredges  of  the  Isthmian  Canal 

Commission  and  Cost  Data 

on  their  Operation 

In  the  early  part  of  1914  the  Isthmian  Canal  Com- 
mission began  operating  two  15  cu.  yd.  dipper  dredges 
on  the  completion  of  the  channel  through  the  Gaillard 
Cut  of  the  Panama  Canal.  These  dredges — the  Gam- 
boa  and  Paraiso — were  built  by  the  Bucyrus  Co.,  the 
total  cost  including  the  towing'to  the  Isthmus,  being 
$573,287.  The  dredges  operated  so  efficiently  that  the 
Commission  placed  another  contract  with  the  Bucyrus 
Co.  for  a  third  dredge,  of  improved  design,  the  Cas- 
cadas.  The  dredge  was  placed  at  work  in  Gaillard 
Cut  on  Oct.  31,  1915,  at  a  total  cost  of  $376,180.  An 
interesting  study  of  the  design,  operation  and  effi- 
ciency of  these  dredges  was  given  by  Mr.  Ray  W. 
Berdeau  in  a  paper-  presented  Sept.  19  before  the 
American  Society  of  Civil  Engineers,  from  which  the 
matter  in  this  article  is  abstracted. 

The  following  are  the  principal  dimensions,  etc., 
of  the  Gamboa  and  Paraiso: 

Length    of    hull 144  ft.  0  in. 

Beam,   moulded   44  ft.  0  in. 

Depth,    moulded    13  ft.  6  in. 

Draft    8  ft.  0  in. 

Digging    depth,    below    water   line    50  ft.  0  In. 

Displacement     1.730  tons 

One  main  engine,  two  cylinders,  compound,  16  by  28  by  24  in. 

(jne  swinging  engine,   two  cylinders,  compound,   12  by  16  in. 

One  backing  engine,  two  oiinders.  compound,  12  by  16  in. 

Two  forward  spud  engines,  two  cylinders,  compound,  12  by  16  in. 

one  stern  spud  engine,  two  cylinders,  9  by  9  in. 

Two  deck  winches,  two  cylinders,  6  by  6  in. 

Two  boilers,    Scotch   marine   type,    126   in.    diameter,   138   in.    long, 

water  pressure   150   lb. 
Two  forward  spuds,  48  bv  48  in.,  and  82  ft.  long. 
One  stern  spud,  30  by  30  in.,  and  S3  ft.  6  in.  long. 
Swing  circle,  24  ft.  in  diameter. 
Bail  pull,  235,000  lb. 

Hoisting  pull  on  spud  rope  due  to  emgine.  88,000  lb. 
"Pin   up"    pull  on   single  cable,   with   brake   on   engine,    ICO, 000   lb. 
Capacity  of  rock  dipper,   10  cu.  yd. 
Capacity  of  mud  dipper.  13-  cu.  yd. 
Capacity  of  fuel  oil  tanks,   14.200  gal. 

The  displacement  of  the  Cascadas  is  2,095  tons,  and 
the  hull  is  144  ft.  long,  55  ft.  beam,  and  15^2  ft.  deep. 
Thus,  it  is  11  ft.  wider  than  the  others,  making  less 
reactions  on  the  spuds,  less  metacentric  variation 
when  digging  over  the  sides,  and  it  allows  the  spuds 
to  be  inset.  The  spud-well  construction  differs  from 
that  of  the  Gamboa  and  Paraiso,  as  their  forward 
spuds  are  placed  outside  of  the  hull,  with  tapering 
sponsons  fore  and  aft  to  transmit  the  reactions  to  the 
sides  of  the  hull. 

Buckets. — The  dredges  were  supplied  with  inter- 
changeable buckets  of  two  sizes,  one  with  a  capacity 
of  15  cu.  yd.  and  another  of  10  cu.  yd.,  for  use  in  rock 
excavation.  Having  been  placed  in  Gaillard  Cut  in 
rock  digging  exclusively,  the  larger  dippers  have  been 
seldom  used;  the  smaller  ones,  as  supplied  by  the 
contractors,  were  of  extra  massive  construction,  but 
were  of  insufficient  strength  to  withstand  the  severe 
use  and  the  impact  from  a  dipper  stick  load  of  131,- 
000  lb.,  and  were  replaced  later  by  the  Missabe  type 
of  cast  manganese-steel  dippers.  The  over-all  dimen- 
sions of  the  new  dipper  are  IOI2  by  9  by  9  ft.;  the  lips 
are  3I4  in.  thick  at  the  bottom  bands,  and  the  body 
consists  of  a  front  and  back  casting  with  lap-riveted 
joints  at  the  sides;  and,  in  addition,  the  lip  is  a  sep- 
arate casting  riveted  to  the  front  piece  and  joined 
thereto  by  the  rivets  of  the  tooth  ribs.  Recently,  the 
back  "and  bottom  of  this  dipper  has  been  further  rein- 

•■'The  Three  15-Cu.  Yd.  Dipper  Dredges.  Gamboa.  Paraiso 
and  Cascadas,  as  Supplied  and  Used  in  the  Panama  Canal." 
Proceedings  American  Society  of  Civil  Engineers.  Vol.  XLni, 
pp.  963-976. 
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forced,  and  the  dipper  is  expected  to  give  greater  serv- 
ice and  satisfaction  than  the  pi-eceding  models. 

Cables. — The  dippers  are  hung  on  a  275-ft.,  3%-in., 
extra  pliable,  improved,  plow-steel  wire,  center  cable 
consisting  of  six  strands  of  37  wires  each,  intended 
to  withstand  a  bail  pull  of  235,000  lb.,  the  minimum 
cable  life  being  3  days  and  the  maximum  35  days. 
The  rapid  deterioration  of  the  cables  is  due  to  the  se- 
vere abrasion  they  receive  while  at  their  deeper  dig- 
ging depth  (from  35  to  50  ft.),  coupled  with  the  de- 
teriorating effects  of  their  constant  travel  over  an 
undersized  point  of  boom  sheave,  which  is  grooved  for 
a  wire  rope  3V4  in.  in  diameter  and  is  about  8  ft.  in 
diameter  at  the  bottom  of  the  groove.  The  sheaves 
are  of  cast  steel,  with  long,  heavy  cast-steel  hubs, 
bronze-bushed,  to  distribute  the  pressure  over  the  11- 
in.  sheave  pins,  pressed  into  place;  the  cables,  which 
are  the  largest  in  use  on  dipper-dredges,  are  hardly 
satisfactory  for  the  service  required,  for  which  the 
supplying  manufacturers   refuse   to   guarantee  them. 

Dipper  Handles. — The  dipper  handles  on  all  the 
dredges  are  72  ft.  long,  over  all,  and  are  reinforced 
top  and  bottom  with  2xl2-in.  bars  and  by  lx22-in. 
plates  on  both  sides  of  each  dipper  stick.  Long-leaf 
yellow  pine  is  used  in  the  construction  of  the  sticks, 
and  white  oak  for  dead  wood.  The  racks  are  man- 
ganese-steel castings,  withi  a  pitch  of  3  in.,  and  are 
about  12  in.  wide.  They  are  shrouded  to  the  pitch 
line,  the  top  of  the  shrouded  portion  being  ground  to 
form  a  rolling  surface  for  similar  shrouding  on  the 
rack  pinions.  Heavy  steel  castings  are  used  to  con- 
nect the  dipper  hinge  frame,  and. similar  castings  are 
used  to  connect  the  dipper  back  braces,  which  are  se- 
curely bolted  to  the  end  of  the  handle  by  a  large  num- 
ber of  2i2-in.  horizontal  and  vertical  through  bolts. 
The  weight  of  the  dipper  handle  is  81,000  lb.,  its  life 
averaging  about  6  months,  that  of  the  rebuilt  handles 
being  3  months. 

Saddle-Block. — The  innovation  in  the  design  of  the 
saddle-block  has  proved  as  useful  as  it  is  interesting. 
The  slide  plate  is  separated  into  two  parts  for  as- 
sembling on  the  flanged  shipper-shaft,  leaving  a 
passage  in  the  middle,  which  permits  the  main  hoist 
cable  to  run  in  a  straight  line  from  the  foot  to  the 
point  of  the  boom  sheave.  This  eliminates  the  usual 
hump  sheave,  which  is  generally  placed  near  the  up- 
per end  of  the  boom  and  is  necessary  on  other  dredges 
to  lift  the  single-hoist  cable  clear  of  the  saddle-block. 

The  heavy  unit  construction  facilitates  the  guid- 
ing and  holding  of  the  dipper  handle  in  a  much  more 
secure  manner,  and  improves  the  meshing  of  the  racks 
on  the  dipper  handles  with  the  pinions  of  the  9^,  j-in. 
hollow,  nickel-chrome-steel,  shipper-shaft,  at  times  to 
fiuch  an  e.xtent  that  the  teeth  are  stripped  from  them 
both.  By  building  a  heavier  bucket,  the  dipper  han- 
dle, saddle-block,  shipper-shaft,  and  hoisting  arrange- 
ment offer  opportunity  for  improvement  in  design,  in 
that  the  dipper  stick  would  be  stronger  if  it  was  made 
of  one  piece,  two  main  hoisting  cables  being  used, 
running  on  each  side  of  the  dipper  handle,  thereby 
increasing  the  life  of  the  hoisting  cable  and  also  the 
dipper  stick.  This  dipper  stick  at  times  becomes 
bowed,  and,  due  to  the  sliding  fit  with  the  saddle-block, 
necessitates  immediate  re-alignment;  this  could  be 
obviated  if  a  rolling  fit  was  presented,  the  rollers  be- 
ing supplied  with  bearings  under  compression.  The 
shipper-shaft  bearings,  which  are  bolted  to  the  top 
chord  of  the  boom,  project  so  that  the  flanges  of  the 
brake  wheels,  which  are  built  of  steel  castings  75  in. 
in  diameter  with  a  12-in.  face  and  bolted  to  the  flanges 


on  each  end  of  the  shipper-shaft,  engage  the  bearing 
boxes  when  lifted  for  removal,  making  an  extended 
operation  of  changing  the  shippershaft.  The  brakes 
are  of  the  double-acting  type,  and  are  actuated  by  a 
steam  thrust-cylinder,  the  steam  valve  of  which  is  con- 
trolled by  a  floating  lever  and  operated  by  a  hand- 
lever  on  the  craneman's  platform. 

Booms. — The  booms  on  these  dredges  are  62  ft.  long, 
of  the  plate-girder  type,  with  curved  top  and  bottom 
chords.  All  parts  of  these  booms  are  supposed  to  be 
of  ample  section  to  withstand  developed  stresses, 
which,  due  to  the  heavy  type  of  work,  have  been  such 
as  to  necessitate  reinforcement  of  the  different  booms 
that,  with  complete  machinery,  weigh  113,000  lb.  They 
are  equipped  with  a  steam-operated  boom  brake,  steam 
shipper-shaft  brakes,  and  a  steam  dipper-trip,  the 
cylinder  of  which  is  mounted  above  the  foot  of  the 
boom,  and  is  connected  with  the  latch  bar  on  the  dip- 
per by  an  endless  wire  rope,  the  circuit  beginning  at 
the  upper  end  of  the  dipper  handle,  leading  around  the 
.''heave  on  the  stand  just  below  the  shipper-shaft,  and 
thence  around  the  sheave  attached  to  the  cross-head  of 
the  steam  dumping  cylinder,  which  permits  dumping 
in  any  position.  The  boom  feet  are  of  heavy  steel 
castings,  with  webs  and  flanges  of  such  length  as  to 
permit  adequate  riveting.  The  boom  is  stepped  into  a 
steel  casting  pivot,  formed  with  sockets  to  receive  the 
boom  feet;  the  pivot  rotates  on  a  heavy  cast-steel  base 
plate,  securely  bolted  to  the  hull,  with  its  flanges  ex- 
tending over  the  front  of  the  hull.  The  pintle  is 
bronze-bushed,  and  has  a  bronze  wearing  plate  or 
washer  between  the  boom  step  collar  and  the  base 
plate,  and  another  bron2e  bushing  and  wearing  plate 
is  used  between  the  base  plate  and  the  center  casting 
of  the  swing  circle. 

Main  Engines. — The  main  engines  are  specified  to 
work  at  a  steam  pressure  of  135  lb.  while  condensing. 
They  are  of  the  horizontal,  twintandem,  compound 
type,  with  16  and  28-in.  cylinders  and  24-in.  stroke, 
mounted  on  heavy  self-contained  cast-iron  bed-plates 
of  the  Tangye  pattern.  The  crank  shaft  is  of  forged 
steel,  12  in.  in  diameter,  with  journals  OVi  in.  in 
diameter  and  14  in.  long,  and  with  screw-adjusting 
bearings.  The  connecting  rods,  valve  stems,  and  the 
adjustable  bronze-shoed  cross-heads  are  of  steel,  fin- 
ished and  arranged  for  taking  up  wear.  The  link  mo- 
tion and  reverse  gears  are  omitted  on  the  Cascadas, 
and  are  replaced  by  a  steam  turning  gear,  comprising 
a  steam  reversing  engine  geared  to  the  crank  shaft 
with  a  releasing  jaw  clutch  operated  from  the  engine- 
room.  The  low-pressure  cylinders  have  piston  valves 
working  in  renewable  cast-iron  valve  cages,  a  stuflSng- 
box  being  incorporated  between  the  high  and  low- 
pressure  cylinders.  The  eccentric  bearings  of  the  Cas- 
cadas are  larger  than  those  of  the  Gamboa  and 
Paraiso,  and  the  Cascadas  is  equipped  with  an  over- 
head 15-ton  traveling  crane. 

Hoisting  Drum  and  Gears. — The  hoisting  drum  is  of 
the  differential  type  of  cast  steel,  and  is  bushed  with 
bronze.  The  small  diameter  is  69  in.  and  the  large 
diameter  is  84  in.  at  the  bottom  of  the  grooves,  which 
are  for  314-in.  wire  cable.  The  drum  is  mounted  loose 
en  the  16-in.,  forged-steel,  main  hoisting  shaft,  having 
journals  11^4  in.  in  diameter  and  18  in.  long.  Power 
is  applied  to  the  drum  by  two  outside,  wood-lined, 
band  frictions,  one  on  each  side  of  the  drum,  both  op- 
erated by  a  single  steam  cylinder  14  in.  in  diameter, 
placed  at  one  end  of  the  drum  shaft  and  attached  to  a 
thrust  spindle  passing  through  the  center  of  the  shaft. 
The  drum  is  of  the  usual  type  supplied  by  the  Bucyrus 
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Company  on  its  dredges,  and  has  a  barrel-like  shape,  to  those  on  the  Gamboa  and  Paraiso,  but  the  spud 

which  permits  the  maximum  digging  force  and  the  hoist  ropes  run  over  sheaves  which  are  on  a  gantry 

.slowest  speed  when  the  dipper  is  excavating  and  the  

angle  between  the  hoisting  rope  and  the  dipper  handle  tasle  i.— monthly  performaxce  of  dredge  gamboa. 

is  sharpest;  as  the  rope  is  wound  on  the  larger  di-  Cubic    of*^plra-   of^main-  Total  cost 

ameter,  the  dipper  is  hoisted,  allowing  any  desired  in-  pate-                 yards.        tion.      tenance.  cost.  per  yard. 

crease  of  hoisting  speed  when  the  maximum  bail  pull     April' 32.805        $4,447       $io,79s  ?15,245  $o.464T 

is  not  required.     The  diameter  of  the  drum  could  be     f^^^, }?^i^|          IJH        lUf^  HH^s  tUU 

increased,  which  would  reflect  in  length  of  cable  life.  -luiy   ..'.'.:. ■.::::  iomm          lUji        n.iis  2s'.b8i  0.2625 

„,         ,              .      J    .            ,       i.          ,                                             ,r.  j^i     •          August    121.850             7,002           14,772  21.775  0.178. 

The  drum  is  driven  by  two  heavy  spur-gears,  12  ft.  in     September  in,Za&         6,56i        12,238  is, 799  o.iess 

diameter,   one   on   each   side,   meshing  with   the   cor-  N^ember  ■:::::  iS         ?;6i2         till  IIM  "m 

responding  pinion  of  the  intermediate  shaft.    The  gear     "'j^^^'j"''*^    I'^'^-O^^          s,i47        12,997  21,144  0.1274 

hubs  next  to  the  bearings  are  lined  with  bronze.    The      lan'aary   its, 370         7,823        14,351  22,147  0.1244 

intermediate    shaft    is    driven    from   the   crank   shaft     Ma.'ch"'^'   :  207's70         I'm         till  iiitl  nom 

through  a  single  gear,  which  has  steel  castings  rim-     ^^p^;!'    •■••  i^sim          7;oo3        io;593  17,5%  0.1043 

bolted  to  a  heavv  cast-steel  spider  arranged  for  rim  'furie*  ".'.'.'.'.'!.'.'.'  igs,'725          7,'o75        ii',332  18!407  0.1091 

,                   .           -A       i      J.    •        •         iu         I,    -ei-       rru      ■    1.              'ulv     171,370             7.376             9,421  16,797  0.09SO 

replacements  without  stripping  the  shaft.    The  inter-     August   if-9i425         8,102        12 ju  2o,2i.'!  0.1014 

mediate  gear  rim  is  split  for  easy  removal  and  replace-     October'^'   llg'si?         'I'eio        il'eil  22'222  o'osoi 

ments,  and,  like  the  pinion  on  the  crank  shaft,  has  xovember".'! ! ! !  26o!845         8!280        io!43i  i8!7ii  n!o7i7 

i  i.      it.       rri.      •    i             J-    i.        1      ri.  •     I.    ij.    J   J-         ii                  December     £66,470             S,S77             9,625  18,502  0.0694 

cut  teeth.    The  intermediate  shaft  is  bolted  directly  on  iqie 

the  engine  bed-plates;  the  bed-plate  also  contains  the  ,'4brua?y  ' ::::::  illlo         gjo?,        loirle  Wil  Vottl 

drum-shaft  bearings,  and  is  of  cast  steel,  forming  an     March  .'  304',006         9,'24i        io,'790  2o!o3i  o.oeos 

,          .             jj    i.1.                ■          ujii.                I-                       1           ■^'Pril     263,275             8,896           10.460  19,356  0.0735 

extension    of   the    engine   bed-plate,    and    is    securely     Mav   271,235         s.f3S         s.^ne  17, 635  0.OG.90 

bolted  to  it  and  the  structural  base  built  into  the  hull.      ■]]l^:'    |«-||g         flU        ^Hl  ^i.m  o.op4 

Swinging  Circle  Machine  and  Guide-Sheaves.-The  •^Snib4r";::  lli?^?         ?;?1J         IHl  U^  SiJ^I 

ijwinging  circle   is   of  structural   steel,   24  ft.   in   di-  'End  of  fiscal  year. 

ameter,  and  mounted  on  top  of  the  hull  truss;  connec-  table  ii.— monthly  performance  of  dredge 

tion  is  made  to  the  boom  with  two  heavy  built-up  gir-  parXiso. 

ders,  extending  out  from  the  circle,  one  on  each  side  Cubic    of'opera-   of  main-  Total  •      Cost 

of  the  boom.    The  center  is  a  heavy  steel  casting,  se-  ff,f/-                 ^■^'■<'='-        t'°"-      tenance.  cost.  per  yard, 

curely  bolted  to  the  circle,  and  has  an  I-beam  rim  re-      Tuiio*'  C9,8i2        $9,002       $11,458  $20,460  fo.293i 

■     .           J       -4.1.    1/    •           1    i         iv,       •            u    •         r      i.          ji          luly     S>2.203             5,717           10,221  15,938  0.1939 

inforced  With  ^.2-in.  plates,  the  laws  being  fastened  to      vugusi    95,475          6,729        20,155  26,S84  0.28I6 

the  boom  at  the  forward  ends.     Changes  have  been     g^^--   l^HH         'All        'Ifu  ?"!?  IHU 

effected  in  the  rope  anchorage  of  the  dredges  by  mak-     November   iso.oir,         7.939        15,110  23,091  o.i650 

ing  the  swing  rope  around  the  circle  in  four  separate        1/15!    '    

pieces  with  open   socket  connections,  which   renders  pebruarv '"".'.'.  Vil'.o-^         iiis        ^ailio  13:92!  oiosel 

complete    stripping    unnecessary    when    the    rope    is     Ma-cii    : on^'S-n         -ain         q'974  ifi'eM  o'osi? 

changed.    Two  42-in.  cast-steel  sheaves,  on  top  of  the  Ma"   .'.'.'.'.]'.'.'.'.'.  iS4',ri]0         7!240        io'is9  is'.i29  n.ooss 

hull  truss,  grooved  for  a  2-in.  rope,  and  complete  with      JX*   mi^         |-^gS         1'^^  JfJIf  Hot? 

.haft  bearings  and  4%-in.  sheave  pins,  are  supplied  ^-^^e^' •■:;;  ~         ^        S  ]^S^  ^^ 

for  guiding  the   swing   rope   from  the   circle  to  the      nctober    2Si,675          s.sss        15.502  22.361  0.0767 

swinging  drum.    The  swinging  machinery  is  operated  ^^c^-^^^r    :.:::  Iil.ilo         line        10,111  i9:8?o  o.ml 

by  an  independent  double  engine,  with  12-in.  cylinders  j^i^^^^^,,^,               j 0,5  515,         7,96          S587  is.sss  0.0.512 

and  16-in.  stroke,  and  reversing  link  gear.    The  engine      i'>iniiary  236.'235          s,7io        11.575  2b!385  o.087R 

and  drum  are  mounted  on  heavy  structural  steel  bases     \'prii'^   Isl'lll         s'?S'        lo'ils  i9'o40  o'osw 

built  into  the  hull,  and  the  links  are  reversed  by  the  ^{fn^^. ■'■■•■■•••■  |?|'j|i         ifil        liHl  ^Hn  Inill 

steam  thrust-cylinder  controlled  bv  the  lever  which  Juiv   .'.'.'.'.'.'.'.['.'.  233!93o         6.'4i8          7,192  i3,'6io  0^0581 

^r,orotoo  t-V,^  fV,,-^+fl<.                                      ■                                                     August    315.91.5            9,823           12.506  22.329  0.0714 

operates  the  tlirottle.                                                                  .September   268.250         s.921          9.029  17,950  o.oeso 

Backing  Engine. — The  backing  engine  and  drum  are  "    °      ^°^    ^^^^'  ^^ 

„           i.    J                   i          i          1      i       1    T             1       -ij-    •     J.      ii.      1.     11  T.VBI.E   HI.— MONTHLY   PERFORMANCE   OF  DREDGE 

mounted  on  a  structural  steel  base  built  into  the  hull,  casc.vd4.s 

i.nd  the  drum  is  operated  by  a  separate  12  by  16-in.,  Cost         Cost 

double,   non-reversing   engine.     The   cast-steel    drum  ^ate                 y'kfds.   °'tfon.""   fenTn^":  co°s\"'  per'^ylrd. 

(26  in.  pitch  diameter)   is  driven  by  an  outside-band     ^m^^^    ^^^            ^^^       ^^_,.  ^^  ^^^^ 

friction  clutch,  actuated  by  a  steam  thrust-cylinder,  Noverabc-            256  280         9,372       $io,0o6  19,42s  o.ofi56 

5  in.  in  diameter,  and  carries  a  2-in.  steel  rope.     The      "fg^g^''^''    ^^i'^^^'         ^-^^^        "'^^^  ^''•^^-  ""^^^ 

diameter  of  this  drum  is  too  small,  as  it  breaks  the     .lanuai-y   292,675         9,055        io,769  19.S24  0.O677 

,,.,,,,                          ,             '                      ,.                 J       February    330,605             8.983             9,539  18,922  0.0.-)73 

strands    of   the    cable,    prevents    proper   reeling    and     March   309.125         8,79c        10.723  19,519  0.0632 

causes  slack  on  the  drum,  which  prohibits   uniform     ^!^   ||^-?|g         HH        ^g'^f  lUll  ooen 

backing  of  the  bucket.     The  gear  reduction  between  ^JJ^ ;;;;:':■. ";■. y  llgfs^         Ifu        xtHl  '^Ht  tH'i 

the  crank  and  the  7-m.  drum  shaft  is  single,  and  a      .\ugiist   203,96"         8,135          9  4si  17,61':  ooiifij 

band  brake  prevents  the  running  out  of  the  rope.  '''^'iE'"d''15f  fiscal ^yea?.*         ^'^^^         ^■■■"  ^"■"^"  ""''" 

Forward  Spud  Machinerv.— Each  forward  spud  is  table  rv.-YARDAGE  excavated  by  fiscal  te.)RS. 

*    J    u               •    J            J      V     J       1.1        10   1-      ir-  •  Julyl,1913.  Julyl,1914, 

operated  by  an  independent,  double,  12  by  16-in.  en-  to  July  1, 1914.  to  July  1.  i»i5. 

gine,  with  link  motion  reverse,  which  is  operated  by  a  Cu  yds      %V^ya^  Cu.  yds.  'cu^Vd^'" 

steam  thrust-cylinder  controlled  by  the  lever  which  Gamboa  264,iS9       $o.'302i  1,825,122  so.ijjs 

i       iu     x.^.      iii           1            m.              J   J                         ,.0  •  FaraiFO    59,812           0.2931  1,739,228  0.1313 

operates  the  throttle  valve.    The  spud  drums  are  42  m.  cascadas 

in  diameter  and  are  grooved  for  2iA-in.  wire  rope.  The  to  Juiy'ilm'e.  to Oct^i! me. 

Cascadas  is  "pinned  up"  and  the  spuds  are  lifted  by  a  'cost per  Cost  per 

„, ,    .            .                               .                       1  ii       j^             1                    i  Cu.  yds.        cu.  yd.  Cu.  yds.  cu.  yd. 

21/4-in.  wire  rope  passing  around  the  four  sheaves  at  Gamboa    3,097,226       $0.0731  599,575      $o,07i3 

the  top  of  each  spud ;  the  pinning-up  ropes  are  similar  p^-'- s IToo^'l        Volll  IIHII  Sol!! 
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mounted  near  the  spud  casings  and  extending  above 
the  highest  position  of  the  spuds. 

The  Bucyrus  Co.  has  developed  a  big  improvement  in 
this  design,  as  it  dispenses  with  the  sheaves  at  the  low- 
er end  of  the  spuds,  where  the  wire  ropes  are  quickly 
cut  by  the  sharp  stones  found  in  the  rock  excavation 
in  "the  Cut."  Wood-lined  band-brakes,  operated  by 
a  steam  cylinder,  are  supplied  to  hold  the  dredge  when 
"pinned-up,"  and  the  spud  tackle  rope  is  taken 
up  by  four  parts  of  rope.  Each  spud  engine  is  con- 
nected to  its  drum  by  double  reduction  gearing  of  cast 
steel;  and  a  suitable  friction  clutch,  operated  by  a 
steam  thrust-cylinder,  is  provided  to  disconnect  the 
drum  from  the  engine,  allowing  the  dredge  to  rise  and 
fall  with  the  tide  when  not  in  use.  The  spud  drum 
machinery  and  engines  are  supported  by  a  heavy 
structural  steel  frame  built  into,  and  set  far  enough 
from  the  side  of,  the  hull  to  permit  ready  access  to  the 
spud  machinery  on  the  outboard  side  of  the  founda- 
tion. The  sheaves  guiding  the  spud  i-opes  to  the  drum 
have  a  pitch  diameter  of  45  in.,  are  cast  steel,  bushed 
with  bronze,  and  have  annealed,  forged-steel,  sheave 
pins.  The  stern  spud  machinery  is  arranged  for  a 
trailing  spud  that  is  hoisted  by  rack  and  pinion, 
through  two  gear  reductions,  by  a  9  by  9-in.,  double 
engine,  placed  on  and  operated  from  the  deck,  at  the 
stern  of  the  dredge.  The  intermediate  shaft  is  fitted 
with  a  band-brake,  to  hold  the  spud  in  its  proper  posi- 
tion, and  carries  a  jaw  clutch  for  disconnecting  the 
drum  from  the  shaft  and  the  engine.  The  stern  spud 
is  of  structural  steel,  30  by  30  in.  and  83  ft.  5  in.  long, 
and  is  held  in  place  by  a  sliding-fit  arrangement  some- 
what similar  to  that  of  the  saddle-block.  This  creates 
the  necessity  of  immediate  re-alignment  when  the 
spud  becomes  slightly  bowed.  The  forward  spuds  are 
of  structural  steel,  48  by  48  in.  and  72  ft.  long, 
with  8  by  8  by  %-in.  corner  angles,  %-in.  side  plates, 
and  suitable  diaphragms,  those  of  the  Cascadas,  as 
mentioned,  having  all  sheaves  at  the  top  of  the  spud. 
As  heavy  as  they  are,  these  spuds  have  to  be  removed 
every  90  days,  three  being  broken  in  as  many  days,  in 
one  case. 

Operation. — All  three  dredges  have  been  working 
until  recently  in  Gaillard  Cut  of  the  Panama  Canal. 
The  material  excavated  consisted  of  hard  and  soft 
rock,  to  depth  of  from  35  to  47  ft.  Tables  I,  II  and  III 
give  the  yardage  of  the  respective  dredges,  Gamboa, 
Paraiso  and  Cascadas,  and  the  material  placed  in 
scows  alongside  the  dredges.  The  accompanying 
costs  include  operation,  that  is,  wages  of  crew,  sub- 
sistence of  crew,  fuel  and  lubricants,  maintenance, 
that  is,  the  cost  of  keeping  the  equipment  in  first-class 
physical  condition,  and  depreciation  only.  Extra 
heavy  10-yd.  manganese-steel  dippers  were  used  on 
this  work,  the  dredges  working  continuously  in  three 
8-hour  shifts. 


Size  of  Barge  Canal  Lock  Chambers. — Exact  meas- 
urements of  the  completed  locks  of  the  New  York 
State  barge  canal  have  been  made  at  each  lock  in 
order  to  determine  the  dimensions  of  these  structures 
as  they  stand  now.  It  has  been  found  that  the  max- 
imum rectangular  parallelogram  which  can  be  passed 
through  all  the  locks  measures  300  ft.  in  length  by 
44.44  ft.  in  width.  The  upper  end  of  each  lock  cham- 
ber is  bounded  by  a  wall  which  has  a  concaved  lower 
face,  these  faces  being  circular  arcs  in  some  cases 
and  made  up  of  several  chords  in  other  cases.  This 
concaved  face  adds  10  ft.  to  the  length  at  the  center 
of  the  lock  chamber. 


Labor  Saving  Equipment  for  Track 
Work  on  Illinois  Central  R.  R. 

As  a  matter  of  progress  and  to  offset  the  growing 
scarcity  of  labor  of  all  classes  many  American  rail- 
ways are  now  making  extensive  use  of  labor  saving 
equipment  for  track  work.  At  the  recent  annual  con- 
vention of  the  Roadmasters  and  Maintenance  of  Way 
Association,  Mr.  E.  J.  Boland,  Roadmaster  of  the  Illi- 
nois Central  R.  R.,  presented  a  paper  describing 
briefly  the  various  labor  saving  devices  employed  on 
that  railroad.    The  paper,  practically  in  full,  follows: 

Each  day  shows  more  and  more  the  labor  scarcity, 
especially  in  the  maintenance  department,  which  em- 
ploys a  great  number  of  unskilled  laborers.  These 
laborers  are  scattered  in  small  gangs  over  a  large  ter- 
ritory which  is  more  or  less  sparsely  settled.  The  old- 
time  home  guard  is  passing  away,  which  makes  it 
necessary  to  import  laborers  of  any  and  all  nationali- 
ties, who  must  be  properly  placed.  It  is  necessary 
then  to  provide  comfortable  living  quarters  for  these 
laborers  as  an  inducement  for  them  to  remain  in  this 
line  of  service.  Work  and  boarding  cars  should  be 
furnished  in  sufficient  numbers  and  in  such  condition 
that  laborers  will  be  satisfied.  This  can  be  done  by 
a  number  of  methods,  some  of  which  are  bunk  cars 
with  cook  and  kitchen  cars,  permanent  laborers' 
houses  and  portable  laborers'  houses  for  more  or  less 
transient  gangs,  and  last  of  all,  tents.  It  is  hard  to 
estimate  the  saving  or  return  which  warrants  this 
expense,  but  it  is  absolutely  necessary  that  they  be 
provided  over  the  entire  system  to  keep  anything  like 
an  ordinary  working  force. 

The  steam  ditcher  is  one  of  the  greatest  labor  savers 
in  operation  today.  The  company  now  has  nine  ditch- 
ers of  the  boom  type,  seven  of  one  and  two  of  another 
make.  The  saving  with  the  operation  of  each  one  of 
these  machines  is  estimated  at  10  ct.  per  yard  on  250 
cu.  yd.  per  day  over  the  next  best  method.  Six  months' 
operation  per  year  will  save  about  50  per  cent  on  the 
investment.  If  the  work  is  heavy  or  if  a  sufficient 
number  of  machines  is  furnished,  it  is  possible  to  work 
these  ditchers  in  pairs;  that  is,  two  machines  with 
one  work  train,  making  a  further  saving  in  expense  of 
at  least  5  ct.  per  yard.  In  addition  to  operating  as 
ditchers,  these  machines  can  be  used  in  loading  and 
unloading  rail,  relaying  rail,  loading  and  unloading 
bridge  timbers,  loading  ties,  taking  up  abandoned 
tracks,  transferring  loads  of  timber,  loading  cinders, 
loading  gravel  ballast,  excavating  for  scale  pits,  turn- 
table pits  and  building  foundations,  excavating  or 
building  embankments  for  new  sidings,  loading  heavy 
scrap,  loading  trucks  and  light  wrecking. 

Air  dump  cars  in  place  of  flat  cars  in  ditcher  serv- 
ice are  of  great  value.  The  old  method  of  handling 
dirt  loaded  by  ditchers  was  to  use  a  trian  of  10  or  12 
steel  under-frame  flat  cars  over  which  the  ditcher 
operated  by  its  own  power,  backing  away  as  the  cars 
were  loaded.  After  loading,  a  Lidgerwood  with  plow 
and  cable  was  necessary  to  unload  the  flats.  In  order 
to  protect  the  ballast  while  unloading  it  is  also  neces- 
sary to  equip  the  cars  with  aprons,  which  makes  an 
additional  expense.  The  present  method  is  to  operate 
two  20-yd.  air  dump  cars  with  each  ditcher,  one  ahead 
of  the  machine  and  one  behind.  By  this  method  the 
cars  are  easily  loaded  and  can  be  unloaded  immediate- 
ly. Mr.  Boland's  experience  has  been  that  a  saving  of 
4  ct.  per  cubic  yard  can  be  made,  based  on  125  cu.  yd. 
per  day,  which  figures  about  22  per  cent  on  the  invest- 
ment, based  on  six  months'  operation  per  year.    This 
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also  releases  the  10  or  12  steel  under-frame  flat  cars 
for  revenue  service  and  the  Lidgerwood  for  heavier 
work  in  unloading  gravel  ballast. 

The  company  now  has  11  Lidgerwood  unloaders. 
These  machines  are  used  on  various  parts  of  the  sys- 
tem in  unloading  gravel  ballast,  sand  for  track  ele- 
vation, dirt,  strippings  for  banking  and  any  similar 
heavy  work  which  is  found  necessary.  A  trainload  of 
gravel  from  the  Foreston,  111.,  pit  consisting  of  35 
Haskell  &  Barker  cars  of  about  30  yd.  each  can  be  un- 
loaded with  one  of  these  machines  in  about  30  min- 
utes, provided  the  material  is  unloaded  continuously. 
This  operation  would  require  210  men  for  about  2i/2 
hours  without  this  equipment.  These  machines,  when 
operated  six  months  of  the  year,  will  save  at  least  50 
per  cent  on  the  investment. 

The  company  has  provided  each  roadmaster  and 
track  supervisor  with  an  inspection  car,  which  has 
increased  the  efficiency  of  these  officers  over  100  per 
cent.  The  track  can  be  given  much  closer  attention 
than  by  any  other  method.  The  entire  district  of 
100  miles  can  be  covered  in  two  days  without  trouble, 
enabling  these  men  to  give  close  attention  to  the  work 
and  to  confer  with  every  foreman  and  road  depart- 
ment employe  en  route. 

There  is  no  question  about  the  economy  of  placing 
a  motor  car  with  every  section,  bridge  and  signal 
gang.  Until  recently  the  company  had  only  a  few  sec- 
tions so  equipped  with  cars  of  company  ownership. 
A  great  number  of  the  men  had  realized  the  advan- 
tages that  could  be  obtained  from  motor  cars  and  had 
purchased  engines  themselves  from  various  makers, 
which  were  installed  on  their  hand  cars.  It  was  found 
after  three  or  four  years  that  almost  every  make  of 
engine  was  being  operated  and  instructions  were  is- 
sued that  no  more  engines  should  be  purchased  by 
foremen  to  operate  on  the  company  lines.  Last  spring 
the  road  purchased  a  number  of  section  cars  and  dur- 
ing the  summer  and  fall  of  the  present  season  an  addi- 
tional order  was  placed  for  a  sufficient  number  of  cars 
to  equip  all  of  the  gangs  mentioned.  This  order  was 
divided  between  three  companies.  Arrangements  were 
also  made  to  purchase  the  engines  from  the  foremen, 
so  that  the  company  would  be  the  sole  owner  of  all 
of  the  motor-car  equipment  on  its  lines.  It  is  esti- 
mated that  one  hour  can  be  saved  for  each  gang  each 
day  by  a  motor  car.  The  men  are  also  fresh  on  arriv- 
ing at  their  work  and  do  not  dread  the  homeward  trip 
at  the  close  of  the  day's  work.  The  additional  ad- 
vantage obtained  in  this  class  of  work  is  that  the 
gangs  often  travel  long  distances.  The  men  are  car- 
ried to  their  work  with  the  greatest  dispatch  and  are 
not  worn  out  by  the  trip.  It  is  not  necessary  to  move 
the  camp  outfits  nearly  so  often,  which  saves  car  mile- 
£.ge  and  switching.  It  is  much  easier  to  obtain  labor 
£,nd  the  men  are  much  better  satisfied. 

After  trying  out  a  motor  car  mowing  machine  for 
two  years  it  was  found  so  desirable  that  13  more  were 
purchased,  one  for  each  division  on  the  system. 
These  cars  will  mow  a  neat  swath  on  each  side  of  the 
track  at  the  rate  of  about  30  miles  per  day.  Each  ma- 
chine will  save  its  cost  every  year. 

The  nine  tracklaying  machines  which  are  now  op- 
crated  by  the  company  have  been  of  great  service  in 
offsetting  the  labor  situation.  They  are  a  great  relief 
to  the  men,  as  the  machine  does  all  of  the  heavy  lift- 
ing. The  gangs  can  be  reduced  or  more  rail  laid  than 
was  possible  with  the  same  gang  prior  to  operating 
the  machine.  The  ordinary  new  rail  program  on  this 
road  includes  between  50,000  and  60,000  tons  per  year 


and  any  reduction  in  the  cost  of  laying  this  rail  cuts 
down  one  of  the  largest  items  of  e.xpense. 

Each  division  is  now  equipped  with  an  approved  air 
rail  loader  which  can  be  operated  with  three  or  four 
men,  whereas  this  work  formerly  required  about  20. 
A  saving  of  this  kind  is  an  absolute  elimination  of  all 
of  the  useless  work  which  was  formerly  done  by  hand. 
A  modern  railroad  cannot  afford,  in  the  present  day, 
to  handle  rail  without  a  device  of  this  character. 

Tool  grinders  have  come  into  the  maintenance  of 
way  world  to  stay.  In  taking  the  place  of  the  old 
grindstone,  it  relieved  about  the  most  cumbersome 
tool  that  was  carried  on  the  hand  or  motor  car.  Grind- 
ers cost  from  $12  to  $25,  depending  on  the  number  of 
attachments  provided  with  the  machine.  Tools  can 
be  kept  in  better  shape  and  the  machine  saves  its  first 
cost  in  one  season. 

Weed  burners  are  of  great  value  in  the  heavy  semi- 
tropical  country,  such  as  the  Yazoo  delta  and  the 
sugar  cane  territory  near  New  Orleans.  The  grow^th 
is  so  rank  in  this  territory  that  it  is  almost  impossi- 
ble to  handle  it  by  the  ordinary  hand  method.  These 
machines,  when  operated  over  a  district  a  second  time, 
destroy  all  growth  for  a  width  of  18  ft.  for  an  entire 
season.  The  labor  of  operating  is  almost  nothing, 
compared  with  hand  work  in  the  same  locality. 

The  company  is  now  operating  one  portable  rail  saw 
at  Clinton,  111.,  and  authority  has  been  granted  for  an 
elaborate  permanent  sawing  plant  to  be  located  at 
Centralia.  All  second-hand  No.  1  rail  of  the  85-lb.  and 
90-lb.  class  is  sawed  and  re-drilled  before  relaying  in 
branch-line  main  track.  The  sawing  process  makes 
infinitely  better  riding  track  and  adds  greatly  to  the 
life  of  second-hand  rail.  It  is  figured  that  about  $2 
per  ton  will  take  care  of  all  of  the  expense  of  handling 
and  sawing.  The  riding  of  track  has  improved  100 
per  cent  by  using  sawed  rail,  in  comparison  with  the 
old  method.  The  results  accomplished  have  been  well 
worth  the  expense. 

Snow  thawing  outfits  are  almost  a  necessity  in  large 
terminals.  The  greatest  advantage  in  these  outfits  is 
that  it  is  not  necessary'  to  reload  snow  and  ice  taken 
from  switches  and  interlocking  plants.  In  congested 
territory  it  was  formerly  necessary  to  cast  snow  out 
of  the  switches  and  in  some  cases  it  would  have  to  be 
handled  five  or  six  times  before  it  was  finally  disposed 
of.  Snow  thawers  give  immediate  relief  and  do  away 
with  the  re-handling.  One  man  with  one  of  these  out- 
fits can  accomplish  as  much  as  three  or  four  by  the 
old  method. 

Each  terminal  should  have  a  sufficient  number  of 
cinder  cars  to  take  care  of  all  of  the  cinders  handled 
without  using  cars  in  revenue  service.  Cinders  are 
now  loaded  at  large  terminals  with  some  approved 
form  of  clam  shell,  but  it  still  remains  for  the  sec- 
tion men  to  unload  the  cinders  out  on  the  line.  The 
bide  dump  car  with  the  ridge  bottom  is  the  best  class 
of  car  in  service.  It  is  proposed,  however,  to  make 
these  cars  large  enough  to  hold  50  tons  of  cinders, 
which  would  cut  down  the  number  of  cars  and  greatly 
aid  in  the  distribution.  Ordinarily  the  Illinois  Cen- 
tral cinder  cars  have  been  made  from  old  condemned 
coal  cars  and  were  of  very  light  capacity.  It  is  al- 
most impossible  to  estimate  the  amount  of  money  lost 
in  the  maintenance  department  on  account  of  using 
coal  cars,  especially  during  freezing  weather  and  the 
rush  of  business  when  cinder  cars  are  not  available. 
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There  are  many  other  small  devices  which  are  of 
great  advantage  to  the  trackman,  some  of  which  are: 

Lawn   mowers. 

Switch-point   straighteners, 

Kortable  electric  timber  drills, 

Oxweld   lepair  outfits, 

Ballast  screening  outfits. 

Hail  benders, 

Snow  plows  and  fiangers. 

Electric  trucks  (for  service  in  shipyards  and  docks). 

Cleaners  for  bridge  steel, 

Tie  sizing  and  boring  machines. 

Acid  grass  and  weed  killers. 

To  sum  up  the  matter,  the  company  has  purchased 
during  the  last  year — 


4  new   boom-type  ditchers. 
2  air  dump  cars  to  go  with 

1  new  Lidgerwood  unloader, 
"  new  left-hand  dirt  plows. 

4  tracklaying  machines. 

5  American   rail   loaders. 

2  rail  curvers. 

14  supervisors'   inspection   cars, 

1  portable   rail   sav/, 

1  permanent  rail  saw. 
16  25-ton  ball-bearing  Jacks, 

1  weed  burner, 
1^  motor-car  mowing  machines. 


ch  ditcher  in  service, 


in  addition  to  equipment  already  in  service.  During 
the  next  six  months  all  section,  bridge,  extra  gang 
and  signal  gangs  will  be  equipped  with  motor  cars. 


Special  Column  Clamp  for  Hammer  Drill 

A  special  type  of  column  clamp  is  used  in  the  hard- 
ground  drilling  at  the  mines  of  the  New  Jersey  Zinc 
Co.,  at  Franklin,  N.  J.  Hammer  drills  of  the  water 
Leyner  type,  such  as  the  Sullivan  D.  R.  6,  the  Inger- 
soll-Rand  18A  and  the  Waugh  Dreadnaught  are  em- 
ployed. These  are  mounted  on  shells.  By  means  of 
the  special  column  clamp  an  arm  made  of  2yo-m. 
extra  heavy  pipe  is  used  with  a  column  made  of  4-in. 
extra  heavy  pipe.  In  addition,  the  length  of  this  arm 
en  either  side  of  the  column  can  be  changed  at  will, 
for  the  clamp  is  so  constructed  that  the  pipe  arm  is 
set  at  a  tangent  to  the  column,  instead  of  on  a  radial 


An  Improved  Method  of  Taking 

Cross  Sections  ior  Jetty 

Construction 

In  rebuilding  the  jetties  at  the  entrance  to  Hum- 
boldt Bay,  California,  it  was  necessary  to  follow  care- 
fully the  submerged  enrockment  of  the  old  jetty,  so 
as  to  provide  a  substantial  berm  of  stone  at  toe  of 
slope.  In  order  to  do  this  with  the  best  alignment,  it 
was  necessary  to  take  cross-sections  regularly  ahead 
as  far  as  practicable,  and  to  furnish  cross-sections  of 
completed  embankment,  at  every  100-ft.  station,  at 
least.  These  cross  sections  were  made  at  first  by  use 
of  row  boats  and  tag  line — the  usual  method — but  this 
plan,  owing  principally  to  sea  conditions,  proved  un- 
certain, slow  and  expensive.  Accordingly  a  method 
of  taking  cross  sections  by  utilizing  the  crane  em- 
ployed for  placing  stone  in  the  jetty  was  developed. 
This  method  is  described  by  Mr.  George  F.  Whittemore, 
Assistant  Engineer,  in  the  September-October  Profes- 
sional Memoirs,  from  which  the  matter  following  is 
abstracted. 

The  crane  is  a  revolving,  self-propelling  crane  of 


Special    Column    Arm    Clamp. 


line.  This  pipe  fits  in  the  clamp,  the  same  way  the 
column  does,  and  can  be  moved  in  the  clamp,  just  as 
the  clamp  can  be  moved  up  or  down  on  the  column. 
The  construction  of  this  clamp  is  shown  in  the  sketch 
and  the  same  kind  of  clamp  is  used  with  the  lighter 
machines,  but  both  the  column  and  arm  are  the  same 
size,  2i2-in-  extra  heavy  pipe  of  2"s  in.  outside  di- 
ameter. However,  the  4-in.  column  is  preferable  when 
double  jack  screws  are  used  as  a  man  may  readily 
distort  the  lighter  columns  by  failing  to  equalize  the 
force  exerted  by  each  of  the  jack  screws. 


A  3,000,000-cu.  yd.  drainage  job  is  being  advertised 
for  bids  by  the  Grand  River  Drainage  District  of 
Bates  and  Cass  Counties,  Missouri.  The  work  in- 
cludes the  construction  of  24  miles  of  main  ditch. 


Fig.   1 — Wooden   Outrigger  Platform  Supported  by   Boom   of  Crane. 

700  foot-tons  capacity,  using  from  35  to  50  ft.  radius 
of  boom.  For  taking  cross-sections  the  boom  of  crane 
is  made  to  support  horizontally  a  very  light  wooden 
"outrigger"  platform,  which  is  suspended  by  means 
of  old  ''s-in.  diameter  wire  ropes  in  the  manner  shown 
in  Fig.  1.  The  horizontal  "sway-guys"  are  made  of 
one  strand  each  from  a  six-strand  %-in.  diameter 
plough-steel  cable. 

This  platform  reaches  out  128  ft.  from  center  of 
crane,  and  is  itself  120  ft.  in  length.  Measuring  from 
the  center  of  crane,  which  coincides  with  the  crane 
tracks  and  concrete  cap,  the  platform  is  marked  in  10- 
ft.  stations.  The  height  of  platform  is  constant  above 
jetty  cap,  which  is  built  level  transversely,  and  gen- 
erally level  in  profile. 

This  outfit  was  first  used,  during  June,  1915,  to  take 
cross-sections  of  the  south  jetty,  then  just  completed. 
The  lumber  used  in  its  construction  is  of  No.  2  com- 
mon Oregon  pine,  as  follows:  3x4-in.  sills,  which  are 
scarfed  and  bolted  to  form  two  through  stringers  laid 
p.bout  24  in.  apart;  upon  these  are  nailed  transversely 
lx3-in.  battens,  over  which  are  placed  lx8-in.  boards 
laid  horizontally  for  a  walk;  and  posts  of  2  in.  x  4  in.  x 
3.1  ft.  spaced  about  15  ft.  apart  on  either  side  of  the 
walk,  through  the  top  of  which  are  %-in.  diameter 
manila  ropes,  drawn  taut,  to  serve  as  hand-rails.  To 
prevent  swaying,  a  piece  of  timber  6  in.  x  10  in.  x  46 
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ft.  is  used  as  a  horizontal  brace  and  attached  to  stem 
of  platform,  to  which  it  is  fastened  at  right  angles, 
and,  when  the  "outrigger"  is  to  be  used,  is  made  fast 
by  bolts  through  this  brace  to  the  front  of  upper  body 
of  crane.  To  this  timber  brace  several  horizontal  wire 
guys  are  fastened  taut  to  various  points  on  the  string- 
ers or  sills  of  platform. 

A  profile  of  cap  of  jetty  is  accurately  kept,  and 
cross-sections  are  taken  of  completed  structure  from 
time  to  time,  at  the  required  stations.  The  elevations 
of  these  cross-sections  are  taken  with  a  lead-line  meas- 
uring from  the  floor  of  platform  to  enrockment  above 
and  below  water.  The  distances  on  the  platform  from 
the  center-line  of  concrete  cap,  or  crane-way,  are 
marked  10  ft.  apart. 

The  platform,  when  attached  for  service,  is  tested 
as  to  its  uniform  elevation,  before  and  after  using, 
by  turning  it  over  a  level  stretch  of  cap;  or,  if  more 


drawn  thereon,  using  a  template  of  bristol-board, 
quickly  cut  out  to  correct  scale  and  form,  from  which 
line  the  vertical  offsets  to  jetty  and  bottom  below  are 
readily  plotted  by  means  of  a  short  scale.  One-half 
foot  has  been  the  maximum  variation  of  outrigger 
from  a  horizontal  plane,  which  error  is  readily  cor- 
rected by  adjustment  of  the  vertical  guys,  before 
using  the  "platform"  another  time. 

For  locating  the  submerged  old  jetty  enrockment 
ahead  of  con.'-truction,  and  for  taking  borings  through 
the  sand  blanket  over  the  old  stone,  this  outfit  is  es- 
pecially  suited. 

The  cross-sections  are  taken  as  shown  i..  Fig.  2. 
The  positions  of  end  of  patform  (where  the  leadsman 
is  stationea)  and  center  of  crane,  for  each  sounding 
10  ft.  apart,  for  cross-sections  taken  ahead  of  jetty 
construction,  are  shown  in  the  sketch.  The  end  of 
platform  is  placed  by  means  of  deflections  turned  by 


S  >  '      (End  Jetty  53*60) 

*^.    53<-50  (Instrument  Station) 


O/f^t 

iSiof/'on 

Of^eonc« 

Oc^lhcf/on 

■S^aSB'T? 

/BSfcei 

o-oo- 

K) 

♦  0.46 

//•/s' 

ZO 

.  /.*9 

Z/-M 

30 

♦  3S6 

3o-sa 

40 

-  646 

3^40' 

SO 

♦  K>.Z/ 

■is'ay 

60 

'  M93 

SO-rz' 

70 

-  2/M3 

S4'2S' 

80 

'  aaoj 

saw 

90 

•  3^ao 

60S7' 

no 

•>  <»» 

6S7lf 

//o 

'  62SS 

, 

6Sis' 

Fig.    2 — Method    of   Sounding    with    Crane    and    Outrigger. 


convenient,  by  use  of  vertical  offset  from  height  of 
instrument.  Occasionally  there  is  a  slight  ascend- 
ing grade  seaward  to  which  the  platform  is  adjusted 
by  level,  so  as  to  swing  the  required  arc  with  a  min- 
imum variation  from  the  horizontal  plane,  which  vari- 
ation would  be  of  no  practical  value  when  applied  to 
this  class  of  cross-section. 

To  facilitate  correct  and  ready  adjustment  to  its 
proper  horizontal  position,  the  platform,  when  not  in 
use,  rests  upon  a  "grid-iron"  which  has  been  erected 
level  at  the  correct  horizontal  and  vertical  distances 
from  the  crane  tracks  at  their  shore  end,  which  tracks 
are  level  in  profile  and  cross-section  at  this  particular 
place. 

Sometimes  the  outrigger  is  slightly  out  of  level,  due 
to  stretching  here  and  there  of  supporting  cables, 
which  data  are  noted.  In  plotting  the  sections  thus 
taken,  the  center  height  of  sounding  platform  is  plot- 
ted first  and  platform,   with   its   varying  elevations. 


transit  from  a  fixed  station  near  end  of  jetty  when 
the  seas  are  not  too  heavy;  or  by  an  improvised  "hori- 
zontal circle"  painted  on  lower  body  of  crane  where 
the  "graduations"  are  visible  from  the  platform  above, 
for  use  in  stormy  weather.  The  corresponding  posi- 
tion of  crane,  for  each  sounding,  is  marked  with  paint 
on  the  cap  below.  Cross-sections  of  finished  structure 
are  taken  by  placing  the  platform,  full  length,  over 
the  section  to  be  taken. 

The  crest  of  the  old  enrockment,  to  its  end,  is  indi- 
cated by  buoys  made  in  the  most  substantial  manner. 
These  are  located  by  instruments  and  plotted  on  a 
large-scale  working  map.  As  the  jetty  is  extended, 
its  location  is  plotted  and  compared  with  the  align- 
ment of  crest  of  old  enrockment  as  revealed  by  the 
cross-section  just  taken  and  positions  of  the  buoys 
iihead.  This  procedure  is  necessary  to  prevent  un- 
necessary changes  and  to  make  the  best  general  align- 
ment. 
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Ordinary  cross-sections,  250  ft.  wide,  with  not  less 
than  24  soundings,  have  been  taken,  using  a  14-lb. 
lead  in  rough  "weather,"  in  45  minutes.  To  attach 
and  adjust  the  outrigger  for  service,  20  minutes  time 
is  sufficient;  and  about  the  same  time  is  necessary  to 
take  off  and  to  store  the  platform  on  its  rack  or  "grid- 
iron." 

The  crane  travels  at  a  rate  of  2  miles  per  hour,  and 
therefore  can  make  the  round-trip  from  gridiron  to 
jetty  end  in  50  minutes,  if  there  are  no  obstructions. 

When  taking  cross-sections  ahead  of  construction, 
with  this  outfit,  the  following  are  used:  1  craneman, 
to  operate  crane,  at  $4.50  per  diem;  1  fireman,  on 
crane,  at  $2.50;  1  leadsman,  on  platform,  at  $3;  1  re- 
corder, on  platform,  at  $77.50  per  month;  and  1  tran- 
sitman,  on  cap,  at  $83.33;  total  crew,  5  men. 

About  eight  cross-sections  are  taken  in  one  "shift" 
of  8  hours  in  ordinary  weather,  and  the  cost  thereof 
for  labor  is  about  $2  the  section. 

The  "gridiron,"  used  for  storing  this  platform,  is 
120  ft.  long,  or  about  the  length  of  outrigger  itself. 
The  component  parts  of  this  gridiron  are  as  follows: 
Height  from  ground  to  top  of  rollers,  11  ft.  (average) ; 
7  bents  with  2  posts,  each  4x8  in.,  and  set  firmly  in 
sand  about  5  ft.  apart;  caps  4x8  in.  and  with  each  bent 
sway  braced  with  2x6-in.  boards,  and  well  braced, 
longitudinally.  On  the  cap  of  each  bent  is  placed  a 
2-in.  diameter  pipe  roller,  30  in.  long,  with  wooden 
core.  Upon  these  rollers  the  platform,  when  detached, 
is  moved  by  hand  to  clear  the  tracks  or  back  again 
to  upper  frame  of  crane,  as  needed. 

The  total  cost  of  the  outfit,  complete,  was :  For  grid- 
iron, $75.10;  for  outrigger,  $55.61;  total,  $130.71. 


Specifications  for  Watertight  Em- 
bankments Made  by  Three 
Different  Processes 

Contractors  and  hydraulic  engineers  will  be  interest- 
ed in  the  earth  work  specifications  drawn  by  Arthur  E. 
Morgan,  Chief  Engineer  of  the  Miami  Conservancy 
District,  Dayton,  Ohio,  for  the  dams  for  the  retarding 
reservoirs  of  the  flood  prevention  project  of  this  dis- 
trict, for  the  construction  of  which  bids  are  to  be 
cpened  on  Nov.  15.  These  dams  will  require  about 
1,825,000  cu.  yds.  of  excavation,  7,850,000  cu.  yds.  of 
embankment,  and  197,000  cu.  yds.  of  concrete.  Three 
f^lternatives  are  provided  for  constructing  the  embank- 
ment: (1)  A  hydraulic  monitor  or  dredge  pump 
method,  (2)  A  semi-hydraulic  method,  and  (3)  A 
sprinkling  and  rolling  method.  The  specifications  for 
these  three  methods  follow: 

Embankment — Class  A.— The  term  Class  A  Embankment  shall 
he  used  to  include  embankment  tor  main  dams,  constructed  by 
Hydrriulic  Monitor  and  Dredge  Pump  Method:  This  method  con- 
sists of  washing  down  or  otherwise  delivering  material  to  a  dredge 
liiimp,  which  in  turn  delivers  it  under  pressure  through  a  dis- 
charge pipe  onto  the  embankment.  In  washing  down  materials, 
I  lopt.rly  constructed  nozzles  shall  be  used,  with  a  sufficient 
How  of  wator,  both  as  to  velocity  and  quantity,  to  loosen  the 
materials  at  the  borrow  pits,  and  sufficient  additional  water  to 
insure  the  transportation  from  borrow  pits  to  sump.  The 
dredp.e  pumps,  pipes,  flumes,  sluices,  and  other  transporting 
equipment  shall  be  carefully  installed  to  meet  all  requirements 
for  the  proper  placing  of  the  materials  in  the  embankment. 

The  outer  slopes  of  the  dam  shall  be  carried  up  in  advance 
of  the  central  position.  The  width  of  these  outer  levees,  and  the 
depth  and  width  of  the  settling  pond,  will  largely  control  the 
gradation  of  materials,  and  shall  be  subject  at  all  times  to  the 
direction  of  the  engineer.  Care  should  be  taken  to  place  in 
the  outer  levees  material  which  will  conform  to  the  require- 
ments for  the  outer  portion  of  the  dam,  and  to  satisfactorily 
compact  such  material.  The  material  for  the  main  body  of 
the   embankment  shall  be   delivered  near  the  outer  edge   of   the 


embankment  slopes,  and  so  manipulated  that  the  coarser  mate- 
rial will  remain  near  the  outer  slopes,  and  the  finer  materials 
"ill  be  carried  toward  the  center,  the  finer  materials  being 
deposited  in  a  settling  pond  so  as  to  foyn  an  impervious  core. 
It  is  of  the  utmost  importance  to  avoid  stratification  within  this 
core.  The  delivery  and  manipulation  of  the  materials  shall  be 
regulated  so  as  to  obtain  the  best  distribution  of  material,  and 
to  keep  the  water  surface  of  the  settling  pond  as  nearly  uniform 
in  width  as  possible.  The  bottom  of  settfing  ponds  shall  be 
kept  approximately  level  longitudinally  to  prevent  undue  flow 
of  silt  to  one  end. 

.Shiicing  cperaticns  shall  be  conducted  at  all  times  in  such  a 
manner  as  to  give  a  puddled  core  of  as  uniform  width  and 
slopes  as  the  nature  of  the  material  used  will  permit,  and  to 
raise  both  sides  of  the  embankment  evenly.  Embankment  opera- 
tions shall,  unless  otherwise  permitted  in  writing,  be  com- 
menced in  the  deeper  portion  at  the  river  section  or  at  the 
.•-•tream  control  gap,  and  shall  be  carried  as  nearly  level  longi- 
tudinally as  possible.  Should  the  use  of  a  series  of  settling- 
ponds  be  permitted,  they  shall  be  of  convenient  lengths,  sep- 
arated by  temporary  cross  dams  of  sufficient  thickness  to 
withstand  the  pressure  against  them,  built  of  selected  material 
and  puddled  by  hand,  or  by  some  equally  efficient  method,  to 
the  satisfaction  of  the  engineer.  As  the  sluiced  material  is 
washed  against  the  temporary  cross  dam  and  raised  in  the 
embankment,  the  stratification  between  it  and  the  cross  dam 
shall  be  broken  by  the  use  of  shovels  or  other  suitable  tools. 

Drainage  of  surplus  water  from  a  higher  to  a  lower  settling 
pond  may  be  permitted  if  suitable  means  for  such  drainage  is. 
provided.  Whenever  the  waste  water  carries  silt  from  one  set- 
tling pond  to  another,  the  outlet  shall  be  immediately  raised 
or  shiicing  operations  in  that  pond  discontinued  until  such  time 
as  this  condition  has  been  remedied.  The  contractor  shall  take 
care  of  all  cNcess  water  in  the  settling  pools  by  means  of  wells, 
built  up  in  sections,  discharging  at  approved  points,  or  by  pump- 
ing, siphoning,  or  other  approved  methods.  Such  devices  shall 
provide  for  the  removal,  at  the  desired  elevation,  of  the  com- 
paratively clean  water  at  the  surface  of  the  settling  pool,  while 
affording  ample  opportunity  for  the  finer  particles  to  settle 
properly.  Before  the  completion  of  all  the  work,  any  outflow 
device  within  the  dam  shall  be  satisfactorily  filled  with  con- 
crete or  other  acceptable  material  unless  otherwise  ordered.  No- 
outtioiv  device  which  will  remain  within  the  dam  shall  be  in- 
stalled until  written  permission  for  such  installation  has  been 
obtained  from  the  engineer;  and  such  permission  will  not  be 
given  until  evidence  satisfactory  to  the  engineer  has  been  pre- 
.<ented  to  show  that  adequate  provisions  can  and  will  be  made 
for  completely  and  satisfactorily  filling  such  device  wherever 
necessary,  before  the  completion  of  the  work.  The  cost  of  all 
labor  and  all  materials  required  under  the  provisions  in  this  sec- 
tion shall  be  included  in  the  price  stipulated  in  the  agreement. 

Variations  of  this  method  during  construction,  w^hich  will 
j-'ccomplish  equally  effective  results,   will  be  considered. 

Embankment — Class  B. — The  term  Class  B  Embankment  shall 
be  used  to  include  embankment  for  main  dams,  constructed  by 
the  Senii-Hydraulic  Method,  as  follows:  The  material  shall  be 
obtained  from  borrow  pits,  or  from  excavations,  transported  in 
cars  or  by  other  suitable  means,  dumped  at  the  outer  edge  of 
the  embankment  slopes,  and  sluiced  toward  the  center  of  the 
dam.  In  depositing  the  material  in  the  dam.  care  shall  be  taken 
where  necessary,  to  place  the  coarser  material  in  the  down- 
stream portion  of  the  dam  and  the  finer  material  in  the  up- 
stream portion.  The  sluicing  shall  be  carried  on  in  such  a 
manner  that  the  coarser  material  will  remain  near  the  outer 
slopes  of  the  embankment,  and  the  finer  material  will  be  carried 
toward  the  center,  the  finest  material  being  deposited  in  a  set- 
tling pond  so  as  to  form  an  impervious  core.  It  is  of  the  utmost 
importance  to  .avoid  stratification  within  this  core.  The  quantity 
and  pressure  of  water,  and  the  direction  and  point  of  application 
of  the  stream,  shall  be  regulated  according  to  the  nature  of  the 
material  so  as  to  obtain  the  best  distribution  of  material,  and 
to  keep  the  water  surface  of  the  settling  pond  as  nearly  uniform 
in  width  as  possible.  The  material  of  the  upstream  slope  shall 
rot  be  washed  clean,  as  it  is  desired  to  have  a  certain  percent- 
age of  clay  and  sand  retained  near  the  upstream  slope.  The  bot- 
toms of  settling  ponds  shall  be  kept  approximately  level  longi- 
tudinally to  prevent  undue  flow  of  silt  to  one  end. 

Sluicing  shall  be  done  at  all  times  in  such  a  manner  as  to- 
give  a  puddled  core  of  as  uniform  width  and  slopes  as  the  nature 
of  the  material  used  will  permit,  and  to  raise  both  sides  of  the 
embankment  evenly,  and  the  quantity  or  direction  of  the  sluicing 
stream  shall  be  changed  as  required  to  obtain  this  result.  The 
material  shall  be  so  placed  on  the  slopes  and  sluiced  or  pud- 
dled in  such  a  manner  that  it  will  be  compacted  by  water  as 
close  as  practicable  to  the  outer  edge  of  the  finished  slopes, 
r  inbankment  operations  shall,  unless  otherwise  permitted  in 
writing,  be  commenced  in  the  deeper  portion  at  the  river  sec- 
tion, or  at  the  stream  control  gap,  and  shall  be  carried  as  nearly 
level   longitudinally  as   possible.     Should   the   use  of  a   series   of 
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settling  ponds  be  permitted,  they  .shall  be  of  convenient  lengths, 
separated  by  temporary  cross  dams  of  sufficient  thickness  to 
withstand  the  pressure  against  them,  built  of  selected  material 
and  puddled  by  hand,  or  by  some  equally  efficient  method,  to 
the  satisfaction  of  the  engineer.  As  the  sluiced  material  is 
washed  against  the  temporary  cross  dam  and  raised  in  the  em- 
bankment, the  .stratification  between  it  and  the  cross  dam  shall 
be  broken  by  the  use  of  shovels  or  other  suitable  tools.  The 
ccntractor  shall  take  care  of  all  excess  water  in  a  satisfactory 
manner. 

The  cost  of  all  labor  and  materials  required  under  the  pro- 
visions of  this  section  shall  be  included  in  the  price  stipulated 
ir    the   agreement. 

Embankment — Class  C. — The  term  Class  C  embankment  shall 
be  used  to  include  embankment  for  main  dams,  constructed  by 
the  Sprinkling  and  Rolling  Method,  as  follows:  The  embank- 
ment shall  be  built  as  nearly  as  possible  in  horizontal  layers, 
each  layer  not  exceeding  6  inches  in  thickness  when  acceptabl.v 
compacted.  Unless  the  earth  is  .sufficiently  moist  when  spread, 
each  layer  shall  be  wet  so  as  to  secure  the  desired  compacting, 
and  if  required,  the  top  of  the  embankment  shall  be  wet  just 
before  a  layer  of  earth  is  spread.  The  wetting  .shall  be  done  in 
a  manner  which  *ill  avoid  the  formation  of  pools  of  water,  and 
will  secure  the  '.miform  moistening  of  all  portions  of  embank- 
ment. Compacting  shall  be  accomplished  by  not  less  than  12-ton, 
S-wheeled  steam  rollers,  or  traction  engines,  with  grooved, 
banded,  or  corrugated  rolls.  The  roller  shall  pass  over  every 
part  of  each  layer  that  can  be  traversed  by  the  roller,  as  many 
times  as  may  be  necessary  to  thoroughly  compact  it.  The  dis- 
tributing, wetting,  and  rolling  shall  be  done  to  the  satisfaction 
of  the  engineer.  Any  places  that  become  bogg>-  or  springy  shall 
be  corrected  to  the  satisfaction  of  the  engineer,  or  as  much 
material  as  necessary  shall  be  removed  and  the  hole  refilled  in  a 
satisfactory  manner.  Embankment  operations  shall,  unless 
otherwise  permitted  in  writing,  be  commenced  in  the  deeper 
portion  at  the  river  section  or  at  the  stream  control  gap.  Unless 
otherwise  permitted  in  writing,  the  embankment  shall  be  carried 
up  approximately  level,  and  in  any  case  the  top  of  unfinished 
embankment  shall  not  have  a  slope  steeper  than  10  to  1  in  any 
direction.  Portions  of  the  embankment  which  are  small  in 
area,  portions  next  to  walls,  and  other  portions  which  the  rollers 
cannot  reach  for  any  reason,  shall  be  formed  of  selected  materials 
compacted  by  means  of  extra  heavy  tampers  used  energetically, 
or  if  permitted,  by  depositing  the  earth  through  water  in  such  a 
manner  that  all  of  it  shall  be  thoroughly  saturated,  or  by  other 
means  which  will  secure  a  degree  of  compacting  at  least  equiv- 
alent to  that  obtained  by  rolling  as  specified.  All  stones  over 
4  inches  in  diameter  shall  be  removed  from  the  portion  of  the 
embankment  required  to  be  water  tight.  Stones  permitted  to 
remain  shall  be  separated  one  from  another  by  earth,  and  in  no 
case  shall  they  be  allowed  to  collect  in  nests.  Stones  and  cob- 
bles removed  from  the  impervious  portions  of  the  embankment 
.shall  be  placed  on  the  slopes  in  the  manner  and  to  the  extent 
directed.  The  cost  of  all  labor  and  materials  required  under 
the  provisions  of  this  section  .shall  be  included  in  the  price  stip- 
ulated in  the  agreement. 

Embankment — Class  D. — The  term  Class  D  embankment  shall 
be  used  to  include  embankments  for  levees  built  from  material 
taken  from  river  channel  excavation  and  constructed  as  follows: 

The  embankment  shall  be  carried  up  in  approximately  hori- 
zontal layers,  extending  entirely  through  the  fill.  Where  the 
material  is  deposited  in  a  wet  condition,  the  layers  shall  be  not 
■  more  than  3  feet  in  thickness,  but  where  the  material  is  depos- 
ited in  other  than  a  wet  condition  the  layers  shall  not  exceed 
1  foot  in  thickness,  and  some  means  satisfactory  to  the  engineer 
shall  be  used  for  compacting  it.  Such  precautions  shall  be  taken 
as  will  preserve  the  slopes  and  prevent  improper  segregation 
of  materials.  The  object  is  to  secure  a  compact,  stable,  reason- 
ably impervious  embankment,  conforming  to  the  prescribed  lines. 
To  allow  for  .shrinkage  and  settlement,  sufficient  overfill  not  to 
exceed  10  per  cent,  .shall  be  made  by  the  contractor  at  the  time 
of  depositing  the  material.  Where  embankment  is  joined  to  a 
fill  previously  placed,  or  to  a  natural  bank,  a  satisfactory  bond 
shall  be  secured  between  the  old  and  new  materials  by  breaking 
the  old  surface  or  otherwise. 

Embankment — Class  E. — The  term  Class  E  embankment  shall 
be  used  to  include  embankment  for  levees  from  material  taken 
from  borrow  pits.  It  shall  be  constructed  according  to  the  speci- 
fications for  Class  D  embankment,  as  set  forth  in  Section  0.76 
of  the   specifications. 

Embankment — Class  F,— The  term  Class  F  embankment  in- 
cludes such  rai-scellaneous  embankments  or  fills  as  are  so  desig- 
nated  on   the   drawings  or  by  the   engineer,    in   which   no   special 


in  the  opinion  of  the  engineer,  sufficient  soil  has  been  removed, 
rnd  material  has  been  uncovered  to  provide  a  suitable  foundation 
for  the  purposes  intended,  the  surface  of  the  material  so  uncov- 
ertfd  shall  be  picked,  plowed,  or  otherwise  satisfactorily  rough- 
ened, as  directed,  to  make  a  bond  with  the  embankment  material. 

Springs  encountered  in  the  base  of  the  embankment  shall  be 
satisfactorily  controlled  by  plugging,  draining,  or  other  approved 
methods.  When  advisable,  springs  shall  be  led  into  the  outlet 
channel  or  away  from  the  embankments,  as  directed.  Approved 
excavation  and  materials  for  this  purpose  shall  be  paid  for  under 
the  appropriate  items. 

The  provisions  of  this  section  may  be  waived  or  modified 
as  may  seem  desirable  or  permissible,  in  cases  where  Class  F 
embankment   is   specified. 

Embankment — Materials  to  be  Used. — Embankments  shall  be 
m.Tde  of  acceptable  materials  from  the  excavations,  or  from 
I'orrow  pits  located  on  land  provided  by  the  district.  Such  mate- 
rials shall  be  carefully  selected  and  shall  contain  a  sufficient 
proportion  of  fine  particles  to  render  the  embankment  reasonably 
impervious  to  water.  The  maximum  size,  quantity,  and  placing 
of  large  stones,  shall  be  as  allowed  by  the  engineer.  The  mate- 
rial shall  be  sufficiently  stable  not  to  slide  or  slough  at  the  pre- 
scribed slopes,  under  a  condition  of  saturation.  Where  feasible 
to  dr  so,  all  material  from  the  excavations  which  are  suitable 
for  the  purpose  shall  be  placed  in  the  embankment.  Xo  frozen 
material  shall  be  placed  in  an\-  portion  of  the  embankment  by 
any  method  whatsoever,  nor  shall  any  material  be  placed  on  a 
frozen  surface,  and  operations  shall  be  suspended  when,  in 
the  opinion  of  the  engineer,  ice  conditions  are  such  as  to  be 
objectionable.  Care  shall  be  taken  that  no  earth  not  acceptable 
for  embankment  purposes,  or  any  roots,  brush  or  other  perish- 
able material  be  incorporated  within  the  embankment.  All 
limber,  posts,  trestles,  staging,  etc..  shall  be  removed  to  the 
extent   directed  by  the  engineer. 

Where  Class  A.  Class  B  or  Class  C  embankment  is  specified, 
it  is  the  intention  that  the  outer  portion  of  the  dam  shall  be 
composed  of  coarse  material  which  shall  be  permanently  stable 
under  a  condition  of  complete  saturation.  Any  material  which 
has  a  tendency  to  slough,  slide  or  wash  when  subjected  to  any 
condition  which  may  reasonably  be  expected  to  occur,  will  not 
be  acceptable.  The  center  portion  of  the  dam  shall  be  com- 
liosed  of  material  containing  sufficient  clay  or  other  finely  divided 
particles  to  be  highly  impervious  to  water.  To  obtain  these 
results  the  contractor  shall  use  only  carefully  selected  materials. 
Where  the  material  from  one  borrow  pit  does  not  contain  the 
requisite  coar.se  and  fine  particles  in  the  desired  proportions, 
ether  sources  shall  be  utilized,  and  if  necessary  to  obtain  satis- 
factorj-  results,  more  than  one  class  of  material  shall  be  depos- 
ited at  the  same  time  in  the  same  or  different  portions  of  the 
embankment. 

The  provisions  of  this  section  shall  not  apply  to  Class  F  em- 
bankment, and  may  be  waived  or  modified  as  to  Class  D 
embankment. 

Embankment— Finishing  Work.— The  slopes  and  tops  of  all 
embankments  that  are  to  be  dressed  and  grassed,  or  which  are  to 
remain  exposed,  shall  be  finished  in  a  careful  and  workmanlike 
manner. 

Embankment — Payment. — The  embankment  to  be  paid  for 
shall  include  the  quantity  in  cubic  yards  deposited  in  accordance 
with  the  drawings,  specifications  and  instructions  of  the  engi- 
neer, measured  in  embankment  unless  otherwise  specified  under 
the  respective  items  for  embankment  and  properly  placed  within 
the  following  limits;  The  prescribed  neat  limits  for  embank- 
ments, the  contour  of  the  natural  ground  or  as  left  by  the  strip- 
ping, the  prescribe-d  limits  for  excavations  the  refilling  of  which 
i.s  not  included  for  payment  under  the  provisions  of  Item  37. 
backfilling,  and  the  outside  neat  lines  of  any  structures  included 
vithin  the  embankment. 

The  unit  prices  stipulated  for  embankment  items  shall  cover 
the  entire  cost  of  constructing  the  embankments,  including  the 
cost  of  preparing  foundations  (except  as  provided  in  this  sec- 
tion), excavating  from  borrow  pits,  pumping,  sluicing,  transport- 
ing, and  grading  of  materials,  placing,  puddling,  draining,  com- 
pacting, trimming  slopes,  refilling  settlements  and  depressions, 
and  all  labor  and  materials  necessary  for  doing  the  work  in 
accordance  with  the  requirements  of  the  contract,  as  well  as 
the  cost  of  maintaining  embankments  until  the  completion  of 
the  contract.  But  such  prices  shall  not  include  the  cost  of 
clearing  and  grubbing,  removal  of  buildings,  soil  stripping,  sur- 
face dressing  and  grassing. 


Coal  Gas  as  Substitute  for  Gasoline.— The  British 
requirements  are  made  as  to  compacting.  Commercial  Gas  Association,  which  has  been  investi- 

Embankment— Preparation  of  Foundation.— Unless  otherwise  gating  the  USe  of  COal  gaS  for  driving  motor  vehicles, 
directed  the  sites  of  embankments  shall  be  prepared  as  regards  -^ns  issued  a  report  stating  that  the  gas  may  be  ad- 
clearing  and  grubbing,  removal  of  buildings  and  soil  stripping,      .^.^ntageouslv  used  as  a  gasoHne  substitute  by  provid- 

as  .specified  under  Items  2.   3.  and  5.  to  the  end  that  all  perish-        v^i.^cvec    u     ..  t, 

able  or  otherwise  objectionable  matter  shall  be  removed.      When,        ing  a   large   flexible  holder  for  storing  the  gaS. 
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Some    Data    on    Depreciation     in  ^^^  °f  "^Z^  horses  that  depreciated  in  value  varied 
'-'"             i-'i.vw                      r  considerably,  depending  on  their  usage  and  care.   The 
Value    of    Horses  average  age  of  work  horses  that  appreciated  in  value 
Some  interesting  data  on  the  depreciation  in  value  was  about  4  years      The  average  age  of  those  that 
of  horses  are  given  in  a  bulletin  issued  recently  by  "Either  appreciated  nor    depreciated    m    value    was 
the  U.  S.  Department  of  Agriculture.     This  bulletin  «bout  8  years,  and  the  average  age  of  those  that  de- 
deals  with  the  cost  of  keeping  farm  horses  and  the  Preciated  in  value  was  about  11  years.     In  Ohio  data 
^     .  ,            ,  ,          Ti  •     „  ™„;i„^  f^^^  Q   ofii^^r  nf  showing  the  age  of  all  the  horses  studied  were  not 
cost  of  horse  labor.    It  is  compiled  from  a  stuay  oi  .  <.   •     °,    ,                 ^u     j  4.    4.1.  <.               u^  ■     j     1 

,„„,„,                    or?  f„^^„  ,-v,  TiHr,«i-o    nviin  obtained;  however,  the  data  that  were  obtained  along 

records  for  316  horses  on  27  farms  in  Illinois,  Ohio  ^^.^  ^.^^  ^^^^^^    .^^^^  ^^^  ^^^^  ^^^^^^^  ^^  ^^^^^  .^ 

''"in    determining    depreciation    and    appreciation    in  "1;"°;^,?^"^  New  York.                ^     ,  ^^     ^ 

value  of  horses  a  yearly  inventory  value  was  placed  .  ^^  ".'"no^s  ab°"t  19  per  cent  of  the  horses  appre- 

u                      J        J           ^o^„f„i  annraianl  and  a  ciated  m  value  at  the  rate  of  $36.05  per  head  per  year, 

on  each  horse  on  the  farm  by  careful  appraisal  ana  «,.,.,  ,           •  ,.         r       iu       ,i.       0/ 

Record  was  kept  of  each  horse  bought  or  sold.    In  Illi-  ^^ile  the  average  depreciation  for  the  other  81  per 

nois  11  of  the  18  yearly  farm  records  showed  a  net  ;«nt  was  $12.55  per  heaa     At  this  rate  it  wi     be  seen 

depreciation  of  horses.     In   Ohio  7  of  the  16  yearly  that  a  $36  appreciation  of  one  horse  practically  would 

i.cpicLiau                                                                          VovV  offset  the  depreciation  of  three  others.     Thus  the  ap- 

records  showed  a  net  depreciation,  and  in  JNew  YorK  /                                          r  o^  1      i.          li.  j 

;  ,,     '              ,              J     u„    ^A  „  „^f  A^^y^nia^inr,  preciation  of  one  horse  out  of  everv  5.34  kept  resulted 

16  of  the  18  yearly  records  showed  a  net  depreciation.  ;                                                  i-^ni.              ri,u. 

The  average  net  depreciation  of  the  316  horses  was  >"  ^^  average  net  depreciation  for  all  horses  of  but 

$4  50  per  horse.*    Of  this  amount  $2.70  per  horse  was  53.46  per  head.     Of  the   154  horses  included  in  the 

due  to  the  death  of  9  horses,  valued  at  $855.     Depre-  •e'=°';ds  from  this  State  3  died,  causing  a  loss  of  $350 

^.              •   J   f     ™    (til  rn   T.o^  h^y^o   in   -Mow  Ynrk  ^n   other  words,  the   death   loss  was   about   1   out  of 

ciation   varied   from   $11.60   per   horse   in   JNew    lorK  c,      t               j     •       ^i,                  *      tv.             u 

:                       •  4.-         f  <^o^f\  r^<...  Vl/^rao  in  oViin  evcry  51.     In  considering  the  reason  for  the  number 

to  an  appreciation  of  $2.10  per  norse  in  unio.  *               1,                 j.u        *                j  iv,     1        j 

uu  au  apij                 ,,                \     ^  ^f  v.r.r.c^c  +Uof   or.  of  youHg  horses  on  these  farms  and  the  low  deprecia- 

Table   I   shows  the   percentage  of  horses  that  ap-  .   •^     ^                                              a  i-u  ,-  ^.u 

.  '    ,   .          ,        . ,  '^ .„„„  +v,„f  AiA  T,r.t    arxA  tion  of  work  horses  it  was  found  that  there  was  an 

predated  in  value,  the  percentage  that  did  not,  ana 

i..ici-itti.cu                  ' ^ average  of  one  colt  for  every  four  work  horses  kept. 

TABLE   T -pp-RCENTAGE   OF  316   HORSKS   THAT   APPRE-  Further,  no  colts  Were  sold,  all  being  developed  into 

CIATED  IN  VALUE.  PERCENTAGE  THAT  DID  iTOT  Apra  ^qj.j^  horses,   11  becoming  work    horses    during    the 

CIATB     AND   THE    FACTORS    INFLUENCING   THE    AGuRE-  .             ,   •    ,        ,     .                              ,,       ^      ,         Ti        .               -n    ■ 

GATE  'def-p.eciation  OR  APPRECIATION.  BY  STATES  (27  lime  in   which   data  were  collected.     It  also  will  be 

FARMS,  ;!]6  HORSES).        percentage  of  Seen  that  the  Same  number  of  horses  was  bought  as 

horses  that  ^as  sold.     Three  died  and  had  to  be  replaced,  and  a 

c                        £  part  of  the  farmers  enlarged  their  business,  thus  re- 

^        -S,       S                =    S    Ti  quiring  more  horses.    With  the  continued  raising  and 

■2        '5       S    S           ^     X    ■^  developing  of  colts  into  work  horses,  however,  it  is 

state  and  number  of  horses.     -S         |      [^    =    2|,||  Safe  to  Say  that  ordinarily  a  greater  number  of  young 

g         a       o£y.      ocjo  horses  will  be  developed  than  will  be  needed  in  the 

S        z.       §,§.§,     z    Z    Z  farm  business. 

lUinoiK  (154  horses) 18,75    81.25     3    21    21     2    .1    4^  On  the  Ohio  farms  about  22  per  cent  of  the  horses 

New  TOTk^TsIf  horses)  ;■.::.".;; ;  ^ioi    Ikol    '6     6     3     1     2    18  appreciated  in  value  at  the  rate  of  $56.90  per  head. 

„,    ,^         ,        7777  7777   T   ^   77   T   T   ^  The    average    depreciation    of   the    remaining   78   per 

The  3  stales   (31C  horses)....   15.60     84.40       &     36     41       5       3     fab  c.7o  oa              u        i         Ai.   tu-           4.      iu                       • 

■ ■_ cent  was  $13.30  per  head.    At  this  rate  the  apprecia- 

the  factors  influencing  the  aggregate  depreciation  or  tjo^  of  i  horse  would  offset  the  depreciation  of  more 
iippreciation,  by  States.  than  4  other  horses.  Thus  the  appreciation  of  1  horse 
On  the  Illinois  and  New  York  farms  colts  became  ^ut  of  every  4.55  resulted  in  an  average  net  appre- 
work  horses  when  from  21/2  to  4  years  of  age.  The  elation  of  $2.10  per  head  for  the  total  number  of 
^           ,          n,o,.  K„non„=  fr.iinw  horses.     While  no   deaths   occurred  in  this  group,  2 

*Depreciation    figures   from    other    bulletins    loiiow.  »         *^» 

Bulletin  341  of  the  u.  s.  Department  of  Agriculture  shows  horses  were  Severely  injured,  entailing  a  loss  of  $175. 

tVnt    ihf  averaee  denreciatlon  of  :iorses  on  3iS  farms   studied   in  j-               iu                                                     j?                  n. 

afester  County   Pennsvivania   is  ?"  per  head,  and  on  300  farms  On  the  Ohio  farms  there  was  an  average  of  one  colt 

&f  a're  I^ghrdete^^^an^d  by'l'hf  piactice  o^f'^farm^s  in  dfs-  tor  every  10  WOrk  horses  kept.  This  was  about  two- 
posing  of  norses  while  they  are  still  salable  at  a  fairly  satisfac-  thirds  less  than  on  the  Illinois  farms,  and  yet  the 
■J,°or*;ei"'we;-e"k^t''Snin  th^rusefuynes's  T^fJlT^n^'  ""''  '"'•"  depreciation  of  horses  was  $5.56  per  head  less  than  in 

^nn^uiI"depr?crationy  horle!.  ^^^''lI'NlX'Y^rir farms  for%he%efr  Ulinois.      By  this  it  will  be  Seen  that  the  net  apprecia- 

1912,   and  on  31   New   York   farms  for  1913,   was  $14.03   and  $12.10  tJQjj    of    horseS    in    Ohio    waS    not    SO    mUch    due    to   the 

ner  horse  unit    respectively.    Of  the  45  farms  studied.  1,;  showed  .    .                                                      .....          «      i    j        i?  4.1. 

an  appreciauon  of  horse3.                                          .  .,     ,  ,  raising  of  young  horses  as  in  Illinois.    A  study  of  the 

vea^iT9of  to?%7"1ndus"v4:'givls''fi|re""?r"^^^^^^^  data  shows  that  the  reason  for  this  was  that  on  some 

three  different  counties.    In  Rice  County  depreciation  varied  from  farms    a    practice    was    made    of    buying    young    horseS, 

SO  98  in  190&  to  $15.48   in   1904.   averaging  for   che  four  years  $,t.56  1      j..                  1  •         xu          4-            4.-                 ii-         4.1.             4- 

per  head     In  Lyon  County  depreciation  varied  from  $4.20  in  1905  and  after  working  them  for  a  time,  selling  them  at  an 

fe°ou*^tl' A"epirctkto;''"^l'r'lfd^To^"¥2.iriti%7^fo'$7.?7  Yn°T,^l  increase  in  value.    During  the  years  this  study  was 

averaging  per  year  $5,892  per  head.                           ^  ^v,    u         •  made  9  horses  were  bought  and  17  Were  sold,  8  of  the 

It  is  pointed  out  in  the  text  that  depreciation  of  the  horse   is  .                                 4.u     7-                  4-4.1.      4.-„,      4.1.  ■                1 

an   expen<!ive   item   to  farmers   who   are   not    able   to  control   this  17    having    been    on    the    larms    at    the    time    this    WOrK 

?SSS'horLs"'ih?ewd'Jenrng,'hovvlvrr?^do^^^^  nof  artec??he  len-'  was  begun.     The  horses  bought  and  sold  were  mostly 

eral   principle   of   depreciation,    since    tlius    the    loss    is    passed    on  young    draft    stock,    which    aCCOUnts    for   the    high    ap- 

°  Minnesota   experiment    station    bulletin    145    gives    results    of    a  preciation  of  $56.90  per  horse.      In  following  this  prac- 

further  study  of  horse  depreciation  in  the  above-mentioned  coun-  ,  .             ,   x-            rnnrp  Vinrtsps  wprp  kpnt  tVinn  wprp  nppHpfl 

ties.    Records  for  Rice  (^ounty  for  the  period  190S  to  1912,  inciu-  iice,  at  times  more  norses  were  Kept  tnan  were  neeueu 

sive,  shows  a  variation  in  depreciation  from  $0.2S  in  1910  to  $5.10  fo  do  the  farm  WOrk.      Other  data  in  this  bulletin  show 

in    1909,    and    an    average    per    year    of    $3.05    per   head.     In    Lyon  ,      ,     , ,                               ,                         ,111 

Countv  the  study  covers  a  period  of  three  years.  190S  to  1910,  fhat  the  average  horse  worked   less  hours  per  year 

inclusive.     The   depreciation  varied  from  $1-47   in   1910   to   $5.60   in  ,,        p,i^-      f„vms   fVinn    nn    tViP    Tllinniq   nr   Npw  Ynrk 

1909    averaging  per  vear   $3.06   per  head.    In   Norman   County  the  On   the    UhlO   lamiS   man    on   tne   Illinois   01    iNew    I  orK 

work  covered  a  period  of  four  years.  1908  to  1911,  inclusive.     The  farms 

depreciation  varied  from  $0.51  in  1910  to  $3.42  in  1911,   averaging  ^diiiia. 

per  vear  $1.48  per  head.    It  is  pointed  out  in  this  bulletin  that  On   the   New    1  ork   farms  the   relative   number  01 

r%rt"nTi  pr?p^'aver"a#e'  chl°rl?  tfrou|h"a"o^g''tlrm'o?Tars°  horses  that  appreciated  in  value  was  a  great  deal  less 

Abnormal  conditions  in  the  Minnesota  horse  market  were  largely  ^^^^  jjj  g^ch  of  the  Other  States— leSS  than  5  per  cent 

respi;nsible  for  the  low  deureciation  charge.  mm.     .»                                                                                                 r- 
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— at  the  rate  of  $44.40  per  head.  The  depreciation 
per  head  of  the  remaining  95  per  cent  was  $14.48.  At 
this  rate,  the  appreciation  of  one  horse  would  a  little 
more  than  offset  the  depreciation  of  three  other 
liorses.  Thus,  the  average  net  depreciation  was  $11.56 
jfor  all  horses.  One  reason  for  this  depreciation  being 
higher  than  in  the  other  two  States  was  a  loss  of  $505 
•due  to  the  death  of  6  horses,  or  about  1  out  of  every 
]5.  Thus,  more  than  48^2  per  cent  of  the  total  depre- 
ciation was  due  to  deaths.  The  number  of  colts  on 
ihese  farms  was  less  than  in  Illinois.  For  every  work 
T.orse  sold  two  were  bought.  It  seems  that  these  farm- 
ers have  but  recently  started  to  replace  the  old  horses 
T^y  raising  colts. 


.Some    Notes  on  Pioneer  Tunnel 

Method   of    Constructing 

Rogers  Pass  Tunnel 

Further  details  regarding  the  methods  of  construct- 
ing the  Rogers  Pass  Tunnel"  of  the  Candian  Pacific 
Jly.  are  given  in  the  August  Proceedings  of  the  Ameri- 
can Society  of  Civil  Engineers  by  Mr.  J.  G.  Sullivan, 
Chief  Engineer  of  the  railway,  and  Mr.  A.  C.  Dennis, 
<5eneral  Superintendent  for  the  contractors. 

As  showing  the  probable  economics  of  using  the  pio- 
neer tunnel  method,  Mr.  Sullivan  quotes  the  follow- 
ing from  his  report  of  March  13,  1913,  to  officials  of 
the  Canadian  Pacific  Ry. : 

This  method,  of  course,  is  on!j'  applicable  where  the  rock 
will  stand  without  artificial  support,  at  least  during  the  time  of 
-construction.  Where  the  material  must  be  artificially  supported, 
then  the  top  heading  is  the  surest,  and  I  think,  the  best  way. 
"The  progress  of  the  work  by  this  method,  as  I  said  before, 
<lepends  only  on  the  speed  that  the  pioneer  tunnel  can  be  driven. 
Jt  rock  is  self-supporting,  I  see  no  reason  why  from  20  to  25  ft. 
per  day  could  not  be  made.  Placing  the  cost  of  driving  the 
small  tunnel  at  J50  per  foot,  that  is  the  only  part  of  the  work 
that  would  be  rushed  under  high  pressiue,  and  the  heading  proper 
^an  be  taken  out  at  least  $5  per  foot  cheaper  than  if  the  work 
must  be  done  under  pressure,  then  the  bench  containing  IS  cu. 
yd.  per  foot  (neat  section)  can.  on  account  of  there  being  no 
interruptions  to  wait  for  drilling  or  cleaning  up  to  put  in  breast 
liolcs  or  knocking  down  material  in  order  to  get  pipes  into  the 
lieading,  at  a  low  estimate,  be  taken  out  75  ct.  per  cubic  yard 
cheaper,  or  $13.5-0  per  foot,  which  would  make  a  saving  in  ex- 
cavation of  tunnel  proper  of  ^18.50  per  foot,  leaving  $11.50  to  be 
taker,  care  of  in  interest  saved  account  making  greater  speed. 
In  my  report  to  you  of  Oct.  22,  1912,  I  estimated  an  annual  sav- 
ing of  about  $226,000,  but  all  my  figures  were  very  conservative, 
nnd  I  took  into  account  only  one  or  two  of  the  larger  factors  of 
the  extra  expense.  Mr.  Bogue's  more  acctirate  figures  show  a 
saving  of  over  J.I'COOO.  However,  his  estimate  for  fuol  per  h.p. 
Jiour  was  40  per  cent  higher  than  the  figure  I  used,  and  the 
price  of  coal  was  17  per  cent  higher  than  the  price  I  assumed. 
His  price  is  more  accurate  than  the  one  I  used,  but  assuming, 
for  Ihe  sake  of  being  conservative,  that  the  average  between  the 
^wo  estimates  would  be  approximately  correct,  that  would  mean, 
say  $300,000  per  year  saving,  to  say  nothing  of  the  interest  on 
the  $3,000,000  o.^  $4,000,000  that  will  be  invested  in  construction, 
from  which  we  will  not  be  recei%-ing  any  benefit  until  the  work 
is  completed.  Therefore,  if  this  tunnel  can  be  completed  one  year 
sooner  by  using  this  method,  the  saving  thus  made  will  a 
great  deal  more  than  save  the  $11.50  additional  cost  of  the  pioneer 
lunnel. 


The  results,  states  Mr.  Sullivan,  proved  that  these 
estimates  were  conservative.  The  pioneer  tunnel, 
from  the  most  careful  studies  of  the  information  at 
hand,  cost  about  $28  per  foot  instead  of  $30,  as  esti- 
mated. There  was  a  great  deal  larger  difference  than 
75  ct.  per  cubic  yard  between  the  actual  cost  of  en- 
larging the  tunnel  by  this  method  and  the  estimated 
■cost  of  enlarging  without  the  use  of  the  pioneer  tun- 
xel;  and  another  item,  not  taken  into  account  in  this 
estimate,  was  the  fact  that  the  pioneer  tunnel  only 


had  to  be  driven  less  than  four-fifths  of  the  total  dis- 
tance. 

It  has  been  stated  by  some  that  this  method  is  not 
applicable  where  there  are  soft  spots  in  the  rock.  If 
the  soft  rock  encountered  does  not  exceed  50  per  cent 
of  the  total,  Mr.  Sullivan  is  confident  that  this  method 
would  still  prove  more  economical  than  any  other 
which  has  yet  been  tried,  for  the  reason  that  when  the 
.'oft  places  are  encountered,  there  is  plenty  of  time 
to  stope  out  the  upper  part  of  the  arch  and  timber  it, 
so  that  when  the  steam  shovel  arrives  at  those  places, 
there  will  be  no  delay  whatever,  and,  instead  of  hav- 
ing to  stope  out  the  entire  section  by  hand,  as  is  neces- 
sary in  the  under-heading  method,  only  about  half,  or 
less,  of  the  material  in  the  section  requires  to  be  re- 
moved in  this  manner. 

Regarding  the  actual  costs  Mr.  Sullivan  quotes 
further  from  the  report  of  March  13,  1913: 

I  figure  that  by  this  method  the  pioneer  tunnel  can  be  driven 
for  about  $30,  the  main  heading  for  about  $40,  and  that  the 
bench  can  be  taken  out  for  about  $54,  making  a  total  of  $124. 
There  will  be  incidentals;  coniractors'  profit  should  not  amount 
to  over  $20  per  foot.  Of  course,  this  method  of  driving  the 
tunnel,  working  so  many  drills  at  one  time,  will  require  a 
larger  plant  than  if  only  one  heading  was  driven,  and  that  at  a 
slower  speed  than  we  contenr.plate. 

The  expectations  of  the  railway  company,  stated  ' 
Mr.  Sullivan,  have  been  more  than  realized,  as  is 
proved  by  the  speed  and  the  cost  of  the  work.  The 
cost  of  driving  this  tunnel  through  rock,  including 
in  this  price  the  cost  of  driving  19,610  lin.  ft.  of  pio- 
neer tunnel,  12  cross-cuts,  each  about  40  ft.  long, 
erecting  the  plant  (including  freight),  the  proportion- 
ate cost  of  building  about  5  miles  of  temporary  rail- 
way tracks,  and  other  overhead  charges,  plus  10  per 
cent  on  all  expenditures,  will  amount  to  a  little  less 
than  $5  per  cubic  yard  for  excavation  in  the  tunnel 
proper. 

In  his  discussion,  Mr.  Dennis,  who  was  in  charge 
of  the  work  for  the  contractor,  stated  that  the  idea 
of  the  pioneer  heading  originated  in  the  desire  to  get 
away  from  the  congestion,  smoke,  general  confusion, 
and  interference  of  one  operation  with  another,  ob- 
served in  tunnel  driving,  and  to  provide  muck  in  large 
quantities  for  handling  by  shovel.  His  work  in  coal 
mines,  with  air  course  run  with  the  main  entry,  sug- 
gested the  pioneer  as  a  means  to  the  desired  end. 

Regarding  the  ventilation,  Mr.  Dennis  stated  that 
the  Connersville  blowers  were  used  exclusively  for  ex- 
hausting from  the  working  faces  and  would  produce 
7  lb.  below  free  air  pressure.  This  provided  satis- 
factory ventilation  through  12-in.  pipe  for  11/2  miles, 
at  which  point  a  second  blower  was  put  in,  working 
as  a  booster  on  the  same  pipe  line. 

The  general  wages  paid  were  40  ct.  per  hour  to  drill 
runners  and  35  ct.  per  hour  to  others.  The  bonus 
probably  averaged  25  per  cent  in  addition  tc  these 
rates. 


"^See  Er.gmeering  and  Contracting,   March  21.  1917. 


Construction  Started  on  $9,000,000  Ship 
Building  Plant 

Work  has  been  started  by  the  Aberthaw  Construc- 
tion Co.,  of  Boston,  on  the  building  of  a  $9,000,000 
plant  at  Quincy,  Mass.,  for  the  Fore  River  Ship  Build- 
ing Corp.  The  plant  will  be  used  for  building  destroy- 
ers for  the  government.  It  will  consist  of  a  large 
number  of  small  slips  and  the  necessary  manufac- 
turing buildings.  The  land  will  be  filled,  a  large  num- 
ber of  piles  driven,  and  a  channel  will  be  dredged  18 
ft.  deep  from  the  property  to  the  main  channel.  At 
the  property  itself  mean  low  water  level  will  be  17 
(76) 
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ft.  Since  all  the  boats  will  be  identical,  principles  of 
multiple  production  can  be  applied  to  their  manufac- 
ture. 

In  addition  to  the  main  plant  at  Quincy  there  will 
be  erected  a  $2,500,000  turbine  plant  at  Buffalo  and 
another  $1,500,000  plant  in  Providence,  E.  I.  The 
equipment  from  these  plants  will  be  shipped  to  Fore 
River  as  soon  as  completed. 

The  construction  of  plant  itself  will  require  more 
than  4,000  men,  and  the  Aberthaw  Company  plans  on 
having  this  full  quota  on  hand  by  November.  For 
the  construction  of  the  ships  themselves  the  Fore 
River  Corporation  will  need  from  8,000  to  10,000  men 
at  Quincy,  3,500  at  Buffalo,  and  1,000  at  Providence. 
They  will  endeavor  to  obtain  part  of  the  necessary 
quota  by  offering  positions  to  the  men  who  are  at 
present  working  on  the  construction  of  the  plant. 

The  plant  at  Quincy  will  consist  of  a  number  of 
buildings,  all  of  reinforced  concrete  and  having  an 
aggregate  floor  space  of  over  2,000,000  sq.  ft.  The 
ways  will  also  be  built  of  reinforced  concrete  and  the 
plant  will  be  permanent  in  every  respect. 


Obtaining   and    Retaining    Track 
Laborers  by  the  Railroads* 

On  sections  or  where  locations  of  labor  headquar- 
ters are  a  fixture,  every  effort  possible  should  be  made 
to  encourage  trackmen,  either  laborers  or  foremen,  to 
own  their  own  houses.  A  foreman  should  be  given 
iin  idea  of  the  permanency  of  his  position  by  his  supe- 
rior and  should,  in  turn,  impart  such  knowledge  to  the 
men  under  him  and  make  them  feel  that  they  have  an 
interest,  not  only  in  their  work,  but  in  their  home 
town.  The  number  of  men  should  be  the  same  in  win- 
ter as  in  summer.  There  is  no  more  pernicious  custom 
than  in  keeping  the  men  in  a  section  gang  guessing 
during  the  summer  months  who  will  be  retained  and 
who  will  be  laid  off  when  the  first  snow  begins  to  fly. 

Section  foremen  should  be  permitted  to  hire  their 
own  men,  and  when  there  are  laborers  who  cannot  or 
will  not  rent  or  live  in  their  own  houses,  they  should 
have  a  bunk  house  provided  by  the  company  at  a 
location  convenient  to  the  work;  a  plentiful  supply  of 
water,  and  where  a  certain  amount  of  privacy  can  be 
obtained.  This  camp  should  be  equipped  with  a  cook- 
ing range  and  fixtures,  and  a  cook  of  the  same  nation- 
ality as  the  men  should  be  secured.  He  should  be 
i'ble  to  cook  good,  wholesome  meals,  have  warm  water 
for  the  men  to  wash  in  and  keep  their  sleeping  quar- 
ters clean  and  comfortable.  This  arrangement  will 
always  attract  good  laborers. 

When  a  foreman  cannot  secure  his  ovyn  laborers 
they  should  be  furnished  by  the  company's  authorized 
labor  agent,  but  the  labor  agent's  connection  with 
them  should  end  there.  The  custom  of  a  labor  agent 
furnishing  the  victuals  and  wearing  apparel  of  the 
men  they  provide  for  the  railway  companies  should 
be  discouraged,  as  charges  are  made  and  deductions 
taken  from  laboi-ers'  wages,  when  this  system  is  in 
force,  that  the  men  do  not  know  of  and  which  causes 
no  end  of  trouble  at  pay  day. 

Men  for  extra  forces  or  floating  gangs  should  be 
hired  by  the  foi-eman  of  the  gang  when  it  is  possible, 
but  in  event  that  he  is  unable  to  do  so,  men  should 
be  furnished  by  an  accredited  labor  agent  employed 
by  the  company  and  working  on  a  salary,  to  preclude 


any  possibility  of  charging  men  or  parties  of  men 
commission  for  their  jobs — his  sole  duty  being  to  get 
men  from  their  source  and  deliver  them  to  the  fore- 
man at  the  post  needed  and  wheT-e  there  should  be  all 
the  necessary  conveniences,  either  boarding  shanties 
or  bunk  cars.  Those  should  be  provided  with  double 
deck  steel  bunks,  good  ventilation,  wash  basins,  water 
coolers,  and  other  facilities — a  dining  car  or  dining 
room  well  ventilated  and  sanitary,  and  cooking  car 
or  compartments  provided  with  all  cooking  utensils 
and  a  place  for  storage  of  supplies. 

If  Italian  labor  is  employed  the  above  arrangement 
may  not  apply,  as  they  prefer  to  do  their  own  cooking, 
and  in  such  cases  only  good  sleeping  quarters  are 
needed,  with  plenty  of  water  and  other  sanitary  ar- 
rangements, and  a  place  provided  in  charge  of  a  store- 
keeper where  they  can  secure  the  commissary  articles 
that  they  use. 

To  retain  laborers  once  we  do  secure  them  is  often 
easier  said  than  done,  and  just  so  long  as  companies 
and  individuals  can  offer  better  inducements  than  the 
railroads  do,  our  men  will  leave  us  and  go  where  they 
get  the  most  for  their  labor. 

The  remedy  is — first,  the  compensation  we  give  our 
laborers  and  the  manner  in  which  we  provide  for 
housing  and  feeding  them;  next,  the  usage  we  accord 
ihem  by  way  of  furnishing  them  motor-driven  cars  to 
carry  them  to  and  from  their  -work.  It  is  nothing  new 
to  the  supervisor  of  tracks  where  hand-pumped  cars 
are  used  to  see  men  leave  him  and  go  to  roads  where 
motor-driven  cars  are  used.  All  other  mechanical 
tools  consistent  with  the  work  should  be  used. 


Back  Filler  Pulls  Concrete  Cart  Up  Incline 

In  the  construction  of  a  reservoir  at  Pasadena,  Cal., 
the  contractors.  Bent  Bros.,  Los  Angeles,  Cal.,  em- 
ployed a  back  filler  for  pulling  concrete  carts  up  an 


'From  a  committee  report  presented  to  the  recent  convention 
of  the  Roadmasters  and  Maintenance  of  Way  Association. 


Concrete  Carts  Pulled   Up   Incline  by   Back   Filler. 

incline  to  a  point  where  the  material  could  be  dumped 
into  the  forms.  The  accompanying  illustration  shows 
how  this  was  done. 
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Conveying  Concrete  in  Bins  Saddled 
Across  Automobile 

Twin  steel  bins  saddled  across  a  Ford  automobile, 
as  shown  in  the  accompanying  illustration,  were  em- 
ployed by  Bent  Bros.,  contractors,  Los  Angeles,  Cal., 
for  delivering  concrete  from  the  mixing  plant  to  the 
crews   engaged   in  making  concrete  pipe.     Each  bin 


Delivering  Concrete   by    Autoiiiobile   Operating  on  Track. 

held  approximately  1  hand  cart  load  of  concrete.  The 
pipe  is  being  used  in  the  construction  of  a  125-mile 
irrigation  system  at  Henrietta,  for  which  Bent  Bros, 
are  the  contractors. 


New  Prices  for  Steel 

President  Wilson  has  approved  an  agreement  be- 
tween the  War  Industries  Board  and  the  steel  men, 
fixing  the  following  maximum  prices,  which  became 
effective  immediately,  and  are  subject  to  revision  Jan. 
1,  1918: 

Price 

Commodity.  agieed  Base, 

upon. 

Blooms  and  billets  4  by  4  in.  1^'    i' 

and  larger   •$47.50  Pittsburgh  and  Toungstown 

Billets  under  4  by  4   in *51.00  Pittsburgh  and  Youngstown 

Slabs *5fl.00  Pittsburgh  and  Youngstown 

Sheet  bars   'SI. 00  Pittsburgh  and  Youngstown 

Wire   rods    *57,00  Pittsburgh 

Shell  bars: 

3   in.   to  5  in... t3.25  Pittsburgh 

Over  5  in.  to  8  in t3.50  Pittsburgh 

Over  8  in.  to  10  in t3.7o  Fittpburgh 

Over  10  in tl.OO  Pittsburgh 

&kelD: 

Grooved    t2.90  Pittsburgh 

Universal    t3.]5  Pittsburgh 

Sheared     t3.2&  Pittsburgh 

♦Gross  tons.     tPer  100  lb. 


Blasting  Boulders 

Large  numbers  of  boulders  were  encountered  in  the 
excavation  for  the  Cape  Cod  Canal.  These  boulders 
were  located  by  sweeping  and  by  divers,  and  were  re- 
moved either  by  hoisting  in  slings,  attached  by  the 
divers,  by  large  steam  lighters,  or  were  broken  by 
blasting   and   the   pieces   disposed   of.     The   blasting 


was  done  usually  by  placing  charges  of  dynamite  on 
top  of  the  boulder,  depending  on  the  overlying  water 
to  act  as  tamping.  The  explosive  used  was  du  Pont 
75  per  cent  gelatine  dynamite,  the  charge  varying 
from  25  to  200  lb.  The  best  results  seemed  to  be  pro- 
duced by  charges  of  about  50  lb.,  even  if  they  had  to 
be  repeated,  the  second  and  subsequent  charges  being 
inserted  in  the  fissures  made  by  the  first.  Boulders  as 
large  as  80  tons  were  thus  disposed  of;  the  total  num- 
ber handled  by  divers,  either  by  blasting  or  slings, 
was  about  700,  weighing  in  the  aggregate  perhaps  3,- 
500  tons. 


Personals 


Robert  W.  Thompson  has  been  appointed  district  engineer 
for  the  Government  of  British  Columbia,  with  headquarters 
at   Kamloops,   B.    C. 

G.  S.  Plumley.  for  the  past  10  years  chief  engineer  of  the 
Blue  Creek  Coal  &  Land  Co..  and  the  Kanawha  &  West  Vir- 
ginia R.  R.  Co.,  has  opened  offices  at  Charleston,  W.  Va., 
where  he  will  engage  in  private  practice  in  civil  and  min- 
ing   engineering. 

L.  H.  Palmer,  general  manager  of  the  Eastern  Pennsylvania 
Railways  System,  at  Pottsville,  Pa.,  has  been  appointed  assistant 
to  the  president  of  the  United  Railways  &  Electric  Co.  of 
Baltimore,  Md.  Before  accepting  the  position  with  the  Eastern 
Pennsylvania  Railways  System  in  April  1916,  Mr.  Palmer  had 
been  in  Baltimore  for  ten  months.  Before  that  he  was  superin- 
tendent of  transportation  of  the  New  York  Rys.  Co..  and  its 
predecessors,  the  Metropolitan  Street  Ry.  Co..  in  New  York  City, 
for  about  5  years.  While  general  manager  of  the  Eastern  Penn- 
sylvania Railway  System  Mr.  Palmer  was  identified  with  the 
J.  G.  White  Management  Corporation. 

Geo.  B.  r'ost  &  Sons,  architects,  and  Ernest  P.  Goodrich,  engi- 
neer, have  associated  professionally  in  the  practice  of  architec- 
ture, engineering  and  city  planning.  Geo.  B.  Post  &  Sons  have 
been  the  architects  for  many  prominent  buildings  in  this  coun- 
try, among  them  the  Wisconsin  state  copitol.  the  College  of  the 
City  of  New  York,  the  New  Ycrk  Stock  Exchange,  the  Prudential 
Life  buildings  in  Ne^vark,  the  Statler  Hotels  in  Cleveland,  De- 
croit  and  St.  Louis  and  numerous  banks,  office  buildings,  hos- 
pitals and  other  structures  in  New  York  and  other  parts  of  the 
country.  Ernest  P.  Goodrich  is  a  consulting  engineer  of  national 
reputation  and  has  served  as  consulting  engineer  to  New  York 
City.  Newark,  Portland.  Ore.,  and  many  other  municipalities. 
He  is  the  designer  of  the  Bush  Terminal  in  South  Brooklyn  and 
is  the  director  of  the  Bureau  of  Municipal  Research.  A.  Pearson 
Hoover,  associate  of  Ernest  P.  Goodrich,  is  an  authority  on  grade 
crossing  elimination  and  industrial  developments  and  is  the  engi- 
neer for  the  F'aterson  CN.  J.)  Indjstria!  Development  Company. 
George  B.  Ford  of  the  firm  of  Geo.  B.  Post  &  Sons  has  served 
as  consultant  on  city  planning  to  a  score  of  cities  in  America. 
In  all  of  this  work  he  has  co-operat-^d  with  Mr.  Goodrich  and  to- 
prether  they  have  made  city  planning  investigations  or  prepared 
plans  for  Jersey  City.  N.  J.;  Newark,  N.  J.;  Omaha,  Nebr. ;  East 
Orange.  N.  J.;  Mansfield.  O.,  and  a  number  ot  other  places.  The 
object  of  the  closer  association  bet'^^een  the  two  organizations 
is  to  permit  of  a  wider  latitude  of  practice  and  more  intensive 
co-operation  in  the  design  and  execution  of  engineering  and 
architectural  work  in  general  and  in  particular  in  city  planning, 
workingmen's  housing  and   industrial  developments. 
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Industrial  Notes 

The  Walter  A.  Zelnicker  Supply  Co.,  St.  Louis,  Mo.,  has 
secured  recently  the  services  of  Mr.  W.  H.  Bramman,  who  is 
acting  in  the  capacity  of  assistant  to  the  President.  Mr. 
Bramman  before  becoming  associated  with  the  Zelnicker 
Supply  Co.,  was  connected  with  the  American  Carbon  &  Bat- 
tery Co. 

\Vm.  A.  Hart,  formerly  In  the  advertising  department  of  the 
Burroughs  Adding  Machine  Co.,  has  joined  the  advertising  statT 
^f  the  Detroit  Steel  Products  Co.  as  assistant  advertising  man- 
ager. For  the  past  year  Mr.  Hart  has  lived  in  San  Francisco, 
wliere  he  was  western  advertising  manager  for  the  Burroughs 
il'omoany.  While  in  that  position  he  traveled  over  the  greater 
part  of  the  west  collecting  advertising  material  and  data  in  the 
various  Burroughs  territories. 

The  Machinery  and  Machine  Tool  Trades  Committee  of 
Greater  New  York,  organized  to  aid  in  floating  the  second 
liberty  loan,  has  established  headquarters  at  334  Fourth 
av..  New  York  City.  J.  W.  Lane,  President  of  the  E.  W.  Bliss 
Co.,  is  chairman  of  the  division.  H.  R.  Swartz  is  vice  chair- 
man, Geo.  J.  Low  is  Secretary  and  Charles  A.  Hirschberg. 
Publicity  Member.  Among  the  men  prominent  in  the  ma- 
chinery world,  co-operating  in  the  work  are  Henry  Prentiss. 
President  Prentiss  Tool  &  Supply  Co.,  129  Broadway.  New 
York;  George- Doubleday.  President  Ingersoll-Rand  Co.,  11 
Broadway,  New  York  City;  R.  L.  Patterson.  President  Amer- 
ican Machine  &  Foundry  Co.,  511  Fifth  Ave.,  New  York  City; 
C.  I.  Cornell,  Treasurer  Pratt  &  Whitney  Co.,  Ill  Broadway, 
New  York  City;  Henry  Fuller,  Vice  President  Fairbanks- 
Morse  &  Co.,  30  Church  St.,  New  York  City:  John  H.  Lidger- 
■wood,  President  Lidgerwood  Mfg.  Co.,  96  Liberty  St..  New 
York  City;  A.  J.  Babcock.  President  Manning,  Maxwell  & 
Moore,  119  W^  40th  St.,  New  York  City:  Norman  Dodge.  Vice 
President  Mergenthaler  Linotype  Co.,  Tribune  Bldg.,  New 
York  City;  H.  R.  Swartz.  President  Intertype  Corp..  63  Park 
Row,  New  York  Citv:  Geo.  J.  Low,  F.  M.  Dyer  &  Co.,  24 
Broad  St..  New  York  City. 
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ATTENTION! 

Turn  back  three  pages  to  advertising  page  12. 
The  publishers  of  Engineering  and  Contracting 
have  there  printed  a  message  that  should  interest 
you. 


Shall  "Extra  Work"  Be  Called 
"Unclassified  Work"? 

Although  the  term  "extra  work"  is  one  that  has  long 
been  used  to  designate  work  not  covered  by  unit  prices 
or  lump  sum  bids,  there  are  objections  to  the  term. 
The  objections  are  so  strong  that  one  well-known  firm 
of  consulting  engineers  uses  the  term  "unclassified 
work"  instead  of  "extra  work,"  as  explained  by  Mr. 
E.  E.  Howard  in  a  letter  printed  in  another  column. 

As  Mr.  Howard  points  out,  a  certain  stigma  at- 
taches to  the  words  "extra  work."  They  connote  work 
that  was  not  foreseen  by  the  engineer,  and  therefore 
imply  lack  of  study  of  the  construction  problem  in  ad- 
vance of  awarding  the  contract. 

On  the  other  hand,  the  expression  "unclassified 
work"  sugge^s  minor  items  that  were  not  important 
enough  to  classify  and  enumerate  in  advance.  It  seems 
to  us  that  there  is  merit  in  this  change  of  terms,  for  it 
can  cause  no  confusion  and  it  eliminates  a  false  im- 
pression that  has  become  prevalent. 


Should  the  Title  "Consulting  Engi- 
neer Be  Abandoned? 

Prof.  George  C.  Whipple,  of  Harvard,  asks  this  ques- 
tion and  gives  an  affirmative  answer.  He  points  out 
that  the  title  "consulting  engineer"  was  not  frequently 
used  until  1900,  but  that  in  the  last  seven  years  it 
has  become  very  common.  He  regards  the  title  as 
being  a  misnomer  unless  the  user  of  it  acts  purely  in 
a  consulting  capacity. 

While  recognizing  that  there  is  strength  to  such 
an  objection,  we  are  inclined  to  believe  that  a  good 
case  can  be  made  out  for  the  prevalent  use  of  the 
title  "consulting  engineer"  even  where  the  engineer 
himself  designs  entire  works  for  clients.  Without 
doubt  an  engineer  who  is  on  the  regular  pay  roll  of 
one  company  and  of  no  others,  is  not  a  consulting  en- 
gineer in  the  ordinary  acceptance  of  the  term.  To 
differentiate  a  regularly  employed  engineer  from  one 
who  serves  different  clients  on  special  jobs,  some  spe- 
cial appellation   seems  desirable.     Some  independent 


practitioners  in  the  engineering  profession  chose  the 
term  consulting  engineer.  They  might  have  called 
themselves  advisory  engineers,  but  the  adjective  ad- 
visory doubtless  seemed  to  limit  the  scope  of  their 
activities.  At  any  rate  they  regarded  themselves  as 
independent  consultants,  who  might  or  might  not  un- 
dertake to  supervise  the  details  of  design,  and  they 
selected  the  term  "consulting  engineer"  to  differ- 
entiate themselves  from  other  engineers  who  depend 
on  salaries  rather  than  fees  for  their  remuneration. 


The  Decreasing  Use  of  Lumber 

In  1906  the  per  capita  consumption  of  lumber  in 
America  was  516  board  feet.  In  1915  it  had  fallen  to 
375  board  feet,  a  reduction  of  nearly  28  per  cent.  The 
greater  use  of  concrete,  steel  and  wood  pulp  products 
account  mainly  for  the  falling  off  in  the  use  of  lum- 
ber. 

Wood  pulp  products  include  wall  board,  plaster 
board,  "ready  roofings"  made  largely  of  paper,  and 
"fiber"  board. 

Shingles  have  been  so  extensively  replaced  by 
"ready  roofing"  and  other  substitutes  that  scarcely 
more  than  half  the  roofing  now  laid  annually  con- 
sists of  shingles.  Wall  and  plaster  board  annually 
take  the  place  of  more  than  .300,000,000  sq.  ft.  of  lath 
and  plaster,  or  nearly  20  per  cent  of  the  total  area  of 
lath  and  plaster  laid. 

In  1915  the  various  substitutes  for  lumber  took  the 
place  of  more  than  8,000,000,000  board  feet,  or.21  per 
cent  of  the  total  lumber  consumption  in  America. 

A  78-page  bulletin  (Report  No.  117)  just  issued  by 
the  U.  S.  Dept.  of  Agriculture  gives  a  comprehensive 
review  of  "The  Substitution  of  Other  Materials  for 
Wood,"  and  outlines  the  methods  that  lumber  pro- 
ducers must  employ  to  meet  the  growing  competition 
of  lumber  substitutes.  It  is  admitted,  of  course,  that 
lumber  can  not  hope  to  compete  successfully  with  sub- 
stitutes under  certain  conditions;  but  lumber  manu- 
facturers are  advised  to  adopt  modern  methods  of 
standardizing,  improving  and  marketing  their  prod- 
ucts. Standard  classifications  and  specifications,  re- 
search to  develop  improved  methods  of  preservation, 
and  advertising  are  suggested  as  means  to  this  end. 
We  quote: 

Lumber  is  no  longer  a  necew.sity  and  must  be  sold  largely  in 
competition  with  other  materials,  hence  merchandising  methods 
at  least  as  modern  and  efficient  as  those  of  its  competitors  are 
necessary.  This  involves  effective  advertising,  "well-standardized 
manufacture,  grading  rules  which  consumers  can  understand 
and  which  meet  their  actual  needs,  together  with  a  thorough- 
going scientific  as  well  as  practical  knowledge  of  the  product, 
an    inspection    service    which    insures    delivery    to    purchasers    in 
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accordance  with  specifications,  and  an  organization  which  maltes 
possible  the  adjudication  of  difScuIties  outside  o£  the  courts. 
If,  as  in  the  case  of  the  wooden  silo,  lumber  has  lost  half  of 
its  market  largely  through  the  aggressive  merchandising  of  its 
competitors,  further  loss  may  at  least  be  reduced  through  exact 
knowledge  of  the  proper  manner  in  which  to  build  wooden  silos 
and  by  getting  this  knowledge  effectively  into  the  hands  of  pros- 
pective builders.  If  the  wooden  shingle  has  lost  half  its  market 
mainly  through  its  susceptibility  to  fire  and  the  capital  w^hich 
has  been  made  of  this  fact,  the  most  logical  method  of  prevent- 
ing further  loss  would  be  to  make  the  wooden  shingle  fire  re- 
sistant. Competing  industries  have  probably  undertaken  and 
solved  problems  at  least  as  difficult. 

Many  of  the  activities  which  are  necessary  to  secure  for  lum- 
ber the  place  in  trade  to  which  its  properties  and  characteristics 
entitle  it  are  among  the  legitimate  functions  of  trade  associa- 
tions and  can  be  undertaken  to  better  advantage  by  the  associa- 
tion than  the  individual:  Regional  advertising  and  the  adver- 
tising of  the  value  of  products  for  particular  purposes  and  simi- 
lar features  of  aggressive  merchandising:  the  establishment  and 
maintenance  of  lumber  grades  and  specifications,  with  such  spe- 
cial services  as  responsible  inspection;  the  adaptation  of  the 
forms  and  methods  of  manufacture  to  the  requirements  of  the 
trade;  studies  of  efficiency  in  all  of  its  ramifications;  the  fur- 
nishing of  scientific  information  along  various  lines  to  the  public 
and  of  special  information  concerning  trade  conditions  to  the 
industry;  and  the  researcii  necessary  to  secure  basic  data.  With 
adequate  safeguards  through  control  by  some  such  agency  as  the 
Federal  Trade  Commission  and  through  publicity,  associated 
efforts  should  be  encouraged  to  secure  efficiency  in  the  industry. 


college  training?  In  short,  should  not  the  engineer- 
ing societies  revise  their  requirements  for  member- 
ship in  their  different  grades,  so  as  to  give  more 
adequate  recognition  to  the  worth  of  technical  educa- 
tion? 


The   Difficulty  in  Chuting  Con- 
crete in  Cold  Weather 

In  very  cold  weather  concrete  may  became  so  stiff 
that  it  will  not  flow  readily  through  chutes,  and  under 
such  conditions  concrete  buggies  are  frequently  used. 
But  the  question  arises  whether  it  is  not  feasible  to 
keep  the  concrete  warm  enough  throughout  its  jour- 
ney from  the  mixer  to  the  forms,  to  permit  the  use  of 
chutes  even  in  the  coldest  weather.  Should  not  the 
bucket  that  hoists  the  concrete  be  lagged  on  the  out- 
side with  some  sort  of  heat  insulator?  Should  not 
the  chutes  themselves  be  similarly  lagged? 

We  think  the  problem  can  be  solved  by  heating  the 
aggregates  and  by  making  provision  for  heating  the 
concrete  while  it  is  in  the  mi.xer,  followed  by  using 
heat  insulated  buckets  and  chutes.  Should  not  the 
drum  of  the  mixer  itself  be  lagged? 


"Do  the  National  Engineering 
Societies  Discredit  Engi- 
neering Education?" 

Prof.  J.  R.  Benton,  dean  of  the  College  of  Engineer- 
ing of  the  University  of  Florida,  puts  the  abOve-given 
question  in  the  September  Bulletin  of  the  Society  for 
the  Promotion  of  Engineering  Education.  While  he 
says  that  the  answer  to  the  question  is  "No,"  never- 
theless there  is  some  evidence  "which  might  seem 
to  call  for  an  affirmative  answer"  if  taken  by  itself. 

The  constitution  of  the  American  Society  of  Civil 
Engineers  specifies  that  graduation  from  a  school  of 
engineering  shall  be  considered  as  equivalent  to  two 
years  of  active  practice.  Prof.  Benton  pertinently 
asks  why  a  boy  who  spends  four  years  in  high  school 
and  four  years  in  an  engineering  college  should  re- 
ceive only  two  years'  credit  in  experience,  while  a 
boy  who  leaves  grammar  school  and  starts  as  a  chain- 
man  in  a  surveying  party,  may  earn  eight  years' 
credit  for  engineering  experience  by  the  time  the 
college  graduate  has  earned  two. 

If  the  college  graduate  is  to  be  penalized  because 
of  lack  of  experience,  should  not  some  equivalent 
penalty  attach  to  the  man  of  experience  who  lacks  a 


Heating   Concrete   Aggregates  by 
the  Car  Load 

Last  winter  the  Thompson-Starrett  Co.  erected  a 
reinforced  concrete  building  for  the  American  Can 
Co.  at  Maywood,  111.  They  built  a  wooden  shed  in 
which  12  cars  of  sand  and  gravel  could  be  housed  at 
one  time.  Canvas  curtains  closed  the  end  of  the  shed 
at  which  the  cars  entered.  Double  tracks  ran  the  full 
length  of  the  shed,  and  a  line  of  steam  radiators  was 
laid  betwefen  the  rails  of  each  track.  Six  lines  of 
steam  pipes  ran  along  each  wall.  In  this  manner  it 
was  possible  to  maintain  a  temperature  of  110°  in  the 
shed  when  it  was  10°  below  zero  outside. 

The  sand  and  gravel  were  shoveled  from  the  cars 
into  wheelbarrows  that  delivered  into  a  mixer  outside 
the  shed. 

In  addition  to  the  advantage  of  keeping  the  aggre- 
gates warm,  the  shovelers  themselves  were  kept  com- 
fortable during  bad  weather — a  consideration  not  to 
be   overlooked. 


Why  Engineering-Contractors  Se- 
cured Most  of  the  Canton- 
ment Construction 

Of  the  16  cantonment  contractors  12  may  be  defi- 
nitely classified  as  engineering  contractors.  This,  at 
first  sight,  seems  remarkable,  for  the  cantonment 
construction  consists  largely  of  buildings,  and  it 
would  therefore  be  assumed  by  most  people  that 
building  contractors  would  have  secured  nearly  all 
these  jobs.  Why  did  engineering  contractors  fare  so 
well  in  the  vigorous  competition  to  secure  these  con- 
tracts? 

To  begin  with,  every  one  of  the  12  engineering- 
contractors  has  done  more  or  less  railway  construc- 
tion under  conditions  that  necessitated  the  rushing 
of  work  with  very  large  forces  of  men.  Relatively 
few  building-contractors  were  able  to  show  records 
that  conclusively  established  their  ability  to  do  rush 
work  on  a  large  scale. 

In  the  next  place,  a  large  part  of  the  cantonment 
work  consisted  in  building  streets,  waterworks  and 
sewers;  and  on  this  sort. of  work  few  building-con- 
tractors could  qualify. 

Thousands  of  engineering-contractors  erect  build- 
ings as  a  part  of  their  general  contract  work.  Hence, 
although  they  do  not  specialize  in  building  construc- 
tion, they  are  competent  to  undertake  many  classes  of 
building  work. 

It  is  a  noteworthy  fact,  also,  that  engineering 
periodicals  have  published  more  and  better  informa- 
tion on  methods  of  constructing  buildings  than  have 
been  published  by  architectural  periodicals.  Inci- 
dentally this  has  served  to  advertise  the  engineering- 
contractors  whose  work  has  been  described.  Who 
can  say  how  great  a  factor  this  advertising  has  been 
in  giving  engineering-contractors  the  prestige  upon 
which  they  rely  in  securing  "cost  plus  a  fee  con- 
tracts?" 
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Design  of  Concrete  Box  for  Load-    An    Unusually    Complete    "Extra 
ing  of  Crushed  Stone  Work"  Clause 


/  / 


To  the  Editor:  The  accompanying  sketch  shows  the 
design  of  a  tunnel  that  was  recently  constructed  to 
permit  drawing  crushed  stone  from  the  storage  above. 
With  the  storage  full  the  height  of  the  pile  of  stone 
will  be  about  50  ft. 

As  shown,  the  design  is  similar  to  a  box  culvert. 
There  was  no  valid  reason,  however,  why  a  box  sec- 
tion should  have  been  adopted.  Footings  under  the 
walls  and  a  thin  unreinforced  floor  slab  would  have 
answered  all  requirements. 

The  man  responsible  for  the  design  had  conceived 
the  idea  that  somehow  the  load  applied  to  the  roof  of 
the  tunnel  became  greatly  reduced  when  reaching  the 
foundation.  Hence,  the  reduction  in  the  thickness  of 
the  floor  slab  and  the  amount  of  its  reinforcement. 

That  this  man  is  not  alone  in  his  belief  is  evidenced 
by  a  number  of  articles  on  box  culverts,  in  some  of 
which  are  shown  cross  sections  with  the  floor  of  the 
same  thickness  as  the  roof,  and  others  in  which  the 
floor  is  regarded  as  of  less  structural  importance  than 
the  roof. 

Why  this  should  be  I  cannot  understand.  It  seems 
clear  that  the  floor  of  the  tunnel  is  subject  to  not  only 
the  load  on  the  roof 
slab,  ac,  but  the  load 
across  the  entire  top  of 
the  tunnel,  AC,  plus  the 
weight  of  the  tunnel  it- 
self. To  assume  that 
the  friction  of  the  earth 
on  the  walls  of  the  tun- 
nel assists  in  carrying 
the  load  is  wrong.  It  is 
just  as  likely  to  cause 
an  increase  in  the  load. 
We  shall  assume  that 
the  roof  is  correctly  de- 
signed. Its  resisting 
moment  per  lineal  foot 
of  tunnel  is  10,800  ft. 
lb.  (Omitting  negative 
moment  at  the  corners.) 
The  weight  of  the  roof 
slab    is     1,275     lb.     Its 

bending  moment  is  1,355  ft.  lb.    The  lesisting  moment 
available  for  live  load  is  9,445  ft.  ib. 

The  weight  of  the  triangle,  ABC,  per  lineal  foot  of 
tunnel  is  10,200  lb.  The  weight  of  the  tunnel  is  4,838 
lb.  per  lineal  foot.  The  weight  of  the  tunnel  and  su- 
perimposed load  is  15,038  lb.  Dividing  this  uniformly 
across  the  bottom  of  the  tunnel  we  have  1,432  lb.  per 
foot.  Deducting  the  weight  of  the  floor  slab  from  the 
upward  pressure  of  the  soil,  we  have  1,110  lb.  produc- 
ing a  bending  moment  of  11,804  ft.  lb.  This  requires 
a  slab  with  a  distance  of  10.5  in.  to  the  reinforcing 
steel  or  a  total  thickness  of  about  12.5  in. 

It  would  seem  then  that  a  floor  slab  of  at  least  the 
thickness  of  the  roof  would  be  required  in  good  de- 
sign. 

The  above  analysis  diflfers  from  the  accepted  method 
for    box    culverts    with    an    earth    nil,    but    there    is 
scarcely  a  doubt  that  crushed  stone  imposes  triangu- 
lar loading.  C.  O.  Sandstrom. 
515  Republic  Bldg.,  Kansas  City,  Mo. 
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To  the  Editor:  After  reading  the  editorial  under  the 
above  caption,  in  your  issue  of  Oct.  17,  page  303,  I 
came  to  the  conclusion  that  the  engineering  profes- 
sion is  a  conservative  one. 

Referring  to  the  requirement,  specifications,  the 
Miami  Conservancy  District,  E.xtra  Work:  "The  con- 
tractor shall  at  the  end  of  each  day  during  the  prog- 
ress thereof  furnish  to  the  engineer  daily  time  slips 
showing  the  name  or  number  of  each  workman,  etc., 
etc." 

In  1887,  just  30  years  ago,  the  writer  was  connected 
with  the  construction  of  the  Norfolk  &  Western  R.  R. 
in  Virginia,  of  which  W.  W.  Coe,  M.  Am.  Soc.  C.  E., 
was  chief  engineer.  A  very  elaborate  system  of  re- 
ports was  used  there,  on  extra  work,  daily,  weekly  and 
monthly,  with  thorough  and  absolute  checking  by  the 
assistant,  resident  and  division  engineer.  Articles 
covering  this  system  can  be  found  in  the  Transactions 
American  Society  cf  Civil  Engineers,  in  back  numbers 
of  Engineering  News  and  Engineering  and  Contract- 
ing. The  same  system  was  also  in  vogue  in  grading 
the  streets  of  Norton,  Va.,  junction  of  the  Norfolk  & 
Western  and  Louisville  &  Nashville  R.  R. 

Emile  Low, 

M.  Am.  Soc.  C.  E. 

Buffalo,  N.  Y. 


The  Bureau  of  Buildings  of  New  York  City  has  is- 
sued a  new  edition  of  the  city  building  code. 


"Unclassified     Work"    Clause    in 
Construction  Specifications 

To  the  Editor:  Your  editorial  headed  "An  Unusu- 
ally Complete  Extra  Work  Clause"  and  the  clause 
quoted  from  Mr.  Morgan's  specifications,  in  Engineer- 
ing and  Contracting  of  Oct.  17,  are  of  special  interest 
in  calling  to  attention  the  advantage  of  explicit  word- 
ing in  such  clauses.  Clause  10  of  the  enclosed  Section 
R-0  of  our  standard  construction  specifications  cov- 
ering the  relations  and  obligations  of  contractor,  pur- 
chaser and  engineers,  covers  the  same  sort  of  work 
somewhat  more  briefly  and  has  been  used  in  a  great 
many  of  our  contracts  in  the  last  few  years.  You 
will  notice  that  we  allow  20  per  cent  on  the  cost  of 
materials  and  applied  labor,  while  Mr.  Morgan  allows 
15  per  cent,  but  includes  liability  insurance,  etc. 
There  is  one  variation,  however,  which  has  occasional 
application  in  the  case  of  "completed  articles  or  prod- 
ucts ready  for  installation."  For  instance,  we  occa- 
sionally order  a  motor  or  some  piece  of  machinery 
through  a  contractor  to  avoid  the  complication  of  ad- 
vertisement, meeting  of  commissioners  or  some  other 
complication  incident  to  a  special  contract  for  such 
a  purchase.  It  seems  fair  that  the  percentage  should 
be  less  on  such  items. 

The  special  feature  to  which  I  would  call  your  at- 
tention, however,  is  the  title.  We  do  not  refer  to  such 
work  as  "extra  work,"  but  as  "unclassified  work," 
and  we  use  this  term  in  part  for  its  psychological 
effect  upon  the  purchaser.  Very  frequently  clients, 
especially  in  the  case  of  public  bodies,  are  inclined  to 
grumble  over  extras  because  they  ordinarily  think 
of  an  extra  as  something  the  engineer  has  not  thought 
of.  The  term  "unclassified  work"  at  once  suggests 
to  the  mind  that  the  work  in  question  is  something 
which  is  not  classified  with  the  major  portion  of  the 
undertaking.  I  believe  that  by  far  the  larger  part 
of  work  which  is  (Jone  under  such  clauses  is  not  ex- 
tra in  the  sense  that  the  engineer  did  not  think  about 
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the  work  until  its  necessity  occurred,  but  rather  that 
he  found  it  inexpedient  or  inconvenient  to  include  it 
in  a  classification.  For  instance,  in  a  recently  copi- 
pleted  contract  for  substructure  which  totaled  about 
$500,000  the  remodeling  of  certain  existing  small 
buildings  was  necessary.  This  work  could  not  be 
classified  with  the  basis  of  piers,  concrete  in  shafts 
or  timber  piles,  and  had  we  prepared  very  complete 
plans  of  the  work  to  be  done  and  asked  a  lump  sum  bid, 
the  prices  bid  by  any  careful  bidder  would  undoubt- 
edly have  been  greatly  in  excess  of  the  actual  cost 
because  the  cost  of  altering  the  buildings,  which  was 
about  $5,000,  was  so  small  a  percentage  of  the  total 
contract  that  it  would  not  effect  the  competitive  bid 
verj-  seriously.  Yet  the  necessity  of  altering  these 
buildings  was  known  from  the  time  the  plans  were 
prepared  and  the  work  in  no  sense  was  extra  or  un- 
thought  of. 

We  recommend  the  use  of  the  term  "unclassified 
work"  instead  of  "extra  work."  It  is  more  properly 
descriptive,  definite  and  explicit.  It  is  more  fair  to 
the  engineer,  to  the  contractor  and  to  the  purchaser- — 
to  the  engineer  because  it  does  not  leave  the  impres- 
sion that  his  plans  were  defective  and  incomplete; 
to  the  contractor  because  numerous  unclassified  work 
bills  do  not  leave  the  impression  that  the  contractor 
is  trying  to  get  something  e.xtra;  and  to  the  pur- 
chaser, who  is  often  a  layman,  because  it  gives  him 
a  more  correct  understanding  of  the  fact  that  the 
method  of  payment  is  one  adopted  for  minor  items, 
reallv  for  his  own  convenience  and  advantage. 

E.  E.  Howard, 
Harrington,  Howard  &  Ash, 

Consulting  Engineers. 

Kansas  City,  Mo. 


[The  clause  regarding  unclassified  work  referred 
to  by  Mr.  Howard  follows. — Editor.] 

UNCLASSIFIED  V^'ORK.  The  engineers  shall  have  the  right 
to  require  the  contractors  to  perform  work  or  supply  materials 
ot  a  class  not  provided  for  in  the  specifications  or  for  which  no 
special  price  for  payment  is  provided  in  the  contract,  to  be  known 
as  Unclassified  W'ork.  In  case  such  work  or  materials  are 
ordered,  they  shall  be  paid  for  on  the  basis  of  actual  cost  to  the 
contractor  of  materials  and  applied  labor  plus  twenty  per  cent 
thereof  for  his  profit,  indirect  expenses,  and  for  the  use  of  plant. 
,  tools,  and  appliances.  No  indirect  expenses  of  any  kind  shall 
be  included  in  the  cost  of  materials  and  applied  labor.  In  case 
completed  articles  or  products  ready  for  installation  are  furnished 
insteud  of  the  constituent  materials,  the  contractor  will  be 
allowed  ten  per  cent  on  the  cost  to  him  of  such  articles  for 
profit,  indirect  expenses,  and  for  use  of  tools  a.nd  appliances.  No 
allowance  will  be  made  for  superintendence,  insurance,  or  any 
other  indirect  expense,  or  for  the  use  of  plant,  tools  and  ap- 
pliances. Satisfactory  vouchers  will  be  required  from  the  con- 
tractor for  all  items  ot  expense  incurred  in  unclassified  work. 

No  bills  for  unclassified  work  will  be  allowed  unless  the  work 
was  ordered  before  execution  in  writing  by  the  engineers,  and 
ever>'  claim  for  unclassified  work,  for  extra  work,  for  additional 
allowances,  not  specifically  enumerated  in  the  contract,  must 
be  presented  to  the  engineers  for  allowance  by  the  last  day  of 
the  month  following  the  month  in  which  it  was  done  or  fur- 
nished. Otherwise  all  claims  for  such  items  shall  be  deemed 
to  be  and  hereby  absolutely  waived  by  the  contractor,  and  the 
purchaser  shall  not  be  required  to  make  any  payment  on  such 
accounts. 


New  Heavy  Duty  War  Trucks  Accepted  by  Govern- 
ment.— The  first  two  heavy-duty  war  trucks  which 
the  Quartermaster's  Department  of  the  Army,  assisted 
by  the  automotive  products  section  of  the  Council  of 
National  Defense  and  the  Society  of  Automotive  En- 
gineers, has  designed,  were  oflficially  accepted  by  the 
Secretary  of  War  on  Oct.  19.  The  delivery  and  ac- 
ceptance of  these  trucks  marks  the  completion  of  a 
task  that  sets  a  new  record  in  design  and  production 
in   automobile  history. 


Some  Compression  Tests  on  Con- 
crete Cylinders 

To  the  Editor:  Enclosed  please  find  results  of  com- 
pressed tests  on  8/16  and  6/12  concrete  cylinders.  The 
tests  are  directly  comparable  as  they  were  made  with 
the  same  cements  and  aggregates  except  in  the  last 
instance.  Similar  conditions  were  observed  as  to  pro- 
portions, consistency  and  curing.  The  tamping  of  the 
hand  mixed  specimens  was  by  the  same  methods  of 
procedure  in  the  endeavor  to  procure  like  conditions. 
All  the  concretes  were  of  a  sticky,  plastic  consistency 
readily  workable  in  reinforced  construction. 

From  the  uniformly  high  results  there  would  appear 
to  be  a  wider  latitude  in  the  selection  of  working 
stresses  than  is  allowed  by  existing  building  or- 
dinances. In  the  few  instances  where  deformations 
were  measured  for  the  rich  mixes,  a  modulus  of  5,000,- 


Compressicn  Strength  of  30  and  90.Day  Cylinders. 

Local  cement  and  Stelacoom  aggregates.  Cylinders  cured  in 
)noist   sand. 

.\-B-C — S  to  SVi  per  cent  mixing  water.  Clean  cut  washed 
yruve.'  and  sand. 

D-E-P — 6%  to  7'^  per  cent  mixing  water.  Clean  cut  washed 
,::ravel  and   sand. 

G — Aggregates    poorest   material    in    the   locality. 

H — 27-year-oId  cube,   1-3-5   mix,  from  High  School  foundation. 

K — 2-year-o)d   cube,    1-3-6   mix.   from   paving   base. 

Hand  mixed  cylinders — 3  times  dry,  C  times  wet. 

One-year-age  is   probable   strength  of  this   period. 

000  to  6,000,000  was  readily  obtainable.  With  con- 
cretes of  like  character  as  regards  aggregate  and  ce- 
ment, like  consistency  and  proportioning  and  curing, 
we  might  readily  assume  working  stresses  of  1,000  lb. 
to  1,200  lb.  in  compression  when  the  steel  is  stressed 
from  16,000  lb.  to  18,000  lb.  for  1  to  5  and  1  to  31/2 
mix  and  700  lb.  to  900  lb.  for  the  1  to  9  and  1  to  TV2 
mixes,  respectively. 

The  machine  mixed  concrete  was  from  the  mixer  on 
paving  work  and  represents  good  average  practice. 
The  hand  mixed  concrete  was  carefully  manipulated 
and  represents  good  modern  practice,  work  that  can  be 
obtained  on  any  intelligently  managed  job. 

Tacoma,  Wash.  Russell  J.  Borhek,  C.  E. 


Board  of  Experts  to  Handle  Public  Works 
in  France 

By  a  decree  of  the  President  of  France  there  has 
been  created  in  the  Ministry  of  Public  Works  a  board 
of  directors — experts  chosen  from  various  walks  in 
life — to  actively  assist  the  Minister  in  the  initiation 
and  execution  of  public  works,  and  also  in  deciding 
upon  bids  tendered  by  contractors.  This  "Conseil 
Superieur"  will  consist  of  21  members,  appointed  for 
three  years,  and  it  will  be  divided  into  four  sections 
as  follows:  1.  Highways  (roads,  policing  of  roads, 
automobiles,  and  distribution  of  electric  energy).  2. 
Navigation  (management  and  utilization  of  waters,  for 
instance,  in  the  matter  of  floods  and  hydraulic  en- 
gineering). 3.  Ports  (harbors,  lighthouses,  and  coast 
defense).     4.    Railroads. 
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Strength  of  Nail  Joints  in  Douglas 
Fir  and  Western  Hemlock 

Tests  to  determine  the  strength  of  nail  joints  made 
with  wire  nails  used  in  single  shear  in  Douglas  fir 
and  hemlock  timber  have  been  made  by  the  Bureau  of 
Buildings  of  Portland,  Ore.  The  tests  were  conducted 
under  the  direction  of  Mr.  Henry  Blood,  Engineer  of 
the  Bureau.  The  results  obtained  are  described  in  a 
recently  issued  report,  which  was  put  into  its  final 
condition  by  Mr.  H.  E.  Plummer,  Inspector  of  Build- 
ings. 

The  report  covers  the  testing  of  110  joints,  of  which 
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87  were  made  of  Douglas  fir  and  23  of  western  hem- 
lock. 

The  tests  were  divided  into  two  series,  depending 
upon  the  style  of  the  joints  ( see  Fig.  1 ) .  In  the  fir.st 
series,  two  side  pieces,  each  with  the  grain  of  the  wood 
vertical,  were  nailed  to  a  center  piece  with  the  grain 
of  the  wood  horizontal. 

For  the  second  series,  two  side  pieces,  each  with 
the  grain  of  the  wood  vertical,  were  nailed  to  a  center 
piece  with  the  grain  of  the  wood  also  vertical. 

In  the  first  series,  joints  both  of  Douglas  fir  and 
western  hemlock  were  tested,  but  in  the  second  series, 
joints  only  of  Douglas  fir  were  tested.  In  making  the 
tests,  it  was  desired  to  introduce  such  variables  that 
the  lateral  resistance  of  nails  under  various  condi- 
tions be  quite  clearly  brought  out  and  understood, 
and  with  this  in  mind,  the  number  of  nails  in  a  joint, 
the  size  of  the  nails,  as  well  as  the  size  of  the  side 
and  center  pieces  were  varied.  The  size  of  the  side 
pieces  varied  from  1-in.  by  6-in.  to  2-in.  by  8-in.,  and 
the  center  pieces  from  4-in.  by  6-in.  to  6-in.  by  10-in., 
the  dimensions  given  indicating  commercial  size 
which  varies  from  -Js-in.  to  '/i-in.  less  than  the  dimen- 
sions given.  The  nails  used  were  common  wire  nails, 
ranging  from  10  penny  to  60  penny  in  size  and  the 
number  of  nails  used  in  each  side  piece  varied  from 
two  to  five.  The  size  of  the  pieces  was  such  that  nails 
had  a  penetration  in  the  center  piece  of  from  30  per 
cent  to  80  per  cent  of  the  length  of  the  nail,  but  in 
all  cases,  the  nails  were  used  in  single  shear,  in  no 
case  passing  through  the  center  piece.  All  timbers 
were  surfaced  so  that  contact  in  the  joints  was  be- 
tween planed  surfaces  only. 


The  joints  were  tested  by  placing  them  in  a  Riehle 
testing  machine  and  forcing  th«  side  pieces  down 
and  by  the  center  piece.  Accurate  measurements 
were  taken  of  the  relative  movements  of  the  pieces 
making  up  the  joints.  In  addition  to  the  two  series  of 
tests,  two  joints  were  tested  in  which  the  nails  were 
driven  parallel  to  the  grain  of  the  wood. 

The  following  is  a  summary  of  the  results  obtained 
by  the  tests.  The  average  ultimate  load  carried  per 
nail  is  as  follows : 


SEKIKS 
3f  tests. 

XO.    l—POUGLAS    FIR. 

Size  of  nail.           Ultimate  load 
Penny.              carried  per  nail 
10                                   525 

16 

600 

i, 

20 

740 

30 

922 
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1,183 
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1,800 
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407 
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.'    . . 
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751 
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992 

40 

1,023 

50 

873 

SKllIES    NO 

2— WESTERN   HEMLOCK. 
10 

519 

16 

5SX 

695 

1, 

:iii 

570 

An  inspection  of  the  above  values  shows  the  irregu- 
larity and  apparent  unreliability  of  the  single  test 
made  on  the  50-penny  and  the  60-penny  nail  joint. 
The  resistance  of  the  50-penny  joint"  for  some  reason 
was  low,  while  the  resistance  of  the  60-penny  joint 
was  high.  That  this  must  be  the  case  can  be  readily 
seen  when  the  results  obtained  by  other  investigators 
are  examined.  Also  a  curve  of  the  values  for  the  lat- 
eral resistance  of  nails  as  indicated  by  the  tests  shows 
uniformity  for  the  10-penny,  16-penny,  20-penny,  30- 
penny  and  40-penny  nails,  but  shows  pronounced 
breaks  for  the  50-penny  and  60-penny  nails.  (See 
Fig.  2.)  The  average  ultimate  load  per  nail  carried 
by  header  joint  with  nails  driven  parallel  to  the  grain 
in  the  wood  was  for  16  d.  nails,  446  lb. 

The  following  conclusions,  based  on  the  tests,  are 
given   in  the  report: 

The  tests  indicate  that  safe  values  for  nails  driven 
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in  perpendicularly  to  the  grain  in  Douglas  fir  or  west- 
ern hemlock  with  a  load  perpendicular  to  the  length 
of  the  nail  are: 


|M-|i,.|lll 

uU-penn 


120 
12(1 
160 
200 
270 
320 


These  values  should  be  reduced  if  the  penetration 
of  the  nail  in  the  holding  piece  is  less  than  50  per 
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cent  of  its  length.  They  give  a  factor  of  safety  based  greatly  in  excess  of  values  given  for  ultimate  crush- 
on  the  ultimate  load  of  considerably  over  three  in  all  ing  strength  of  timber  across  the  grain.  In  connec- 
cases  and  in  most  cases  of  nearly  four.  tion  with  the  use  of  timber,  it  would  seem  to  be  quite 

The  resistance  of  nails  driven  perpendicularly  into  well  to  take  into  consideration  that  under  certain  con- 
timber  with  the  grain  of  the  wood  parallel  to  the  loads  ditions  the  loads  imposed  on  timber  across  the  grain 
is  but  little  more  than  for  nails  similarly  driven  may  exceed  the  values  commonly  allowed, 
with  the  grain  of  the  wood  perpendicular  to  the  load.  The  two  principal  factors  involved  in  the  strength 
This  difference  is  so  slight  that  loads  recommended  of  nailed  joints  are  the  resistance  of  the  timber  to 
are  the  same  for  each  case.  crushing  and  of  the  nail  to  bending.     The  resistance 

The  test  of  nails  driven  with  the  grain  of  the  wood  of  the  nailed  joint,  if  depending  solely  on  the  resist- 
indicates  that  the  safe  loads  given  in  the  previous  ance  of  the  wood  to  crushing,  varies  as  the  diameter 
conclusion  for  nails  driven  perpendicular  to  the  grain  of  the  nail,  other  things  being  unchanged.  On  the 
of  the  wood  should  be  reduced  25  per  cent.  The  safe  other  hand,  the  resistance  of  the  joint  if  depending 
loads  for  nails  driven  parallel  to  the  grain  of  the  solely  on  the  resistance  of  the  nail  to  bending,  varies 
wood  with  a  load  perpendicular  to  the  length  of  the  as  the  cube  of  the  diameter  of  the  nail.  As  the  re- 
nail  are:  sistance  of  the  nailed  joints  depends  on  both  the  re- 
Lb.  sistance  of  the  wood  to  crushing  and  the  resistance 
12-penny  nail!.' .'!;.'.';!.'.'.';;.'.'.'.'.';.'.'.'!;.'.'.'.'! !    90  of  the   nail  to  bending,  the  resistance  for  different 

^o-penny  nail lio  sizes  Varies  somewhere  between  the  variation  of  the 

30-penny  na.u^'.'.'.'.'.'.'.'.'.'.'.ll'.'.'.lW'.'.'.' ['.'.'.'.'.'.  200  diameters  and  the  cube  of  the  diameters  of  the  nails. 

M-plnSy  Sail.' .'.'.■.■.■.'.■.■.'.■.■.■.'.■.■.■.'.■.'.;.' ;;;.■■..'.'  300  This   variation   corresponds   quite    closely    with    the 

eo-penny  nail 360  square  of  the  diameter  of  the  nails. 

Tests  were  made  on  the  16  d.  size  only  but  the  re-  ^he  tests  made  show  that  further  tests  made  with 

duction  m  safe  loading  was  considered  to  be  the  same  ^  wider  range  of  variables  are  desirable  and  should 

over  all  nails.  include  timber  rough  as  well  as  finished  and  green  as 

The  tests  show  that  nails  in  western  hemlock  have  well  as  seasoned;  nails  covered  with  pitch;  barb  nails 

so  nearly  the  same  resistance  as  in  Douglas  fir  that  and  finishing  nails,  etc.    The  tests  might  well  include 

the  values  may  be  considered  the  same.  the  effect  of  the  falling  load  as  well  as  one  evenly 

Slip  occurs  under  quite  small  loads  and  increases  applied  and  the  effect  of  a  load  remaining  in  place 

in  proportion  to  the  load  until  the  ultimate  load  is  for  some  time. 

reached,  at  which  time  slip  continues  with  a  decreas-  

ing  load  until  failure  occurs.  Tests  of  Fire  Resistive  Properties  of  Concrete. — ■ 

In  the  tests,  no  elastic  limit  of  joints  could  be  de-  Comparative   results  of  tests   of  the   heat  insulating 

termined  but  the  recommendation  of  previous  inves-  properties  of  materials  used  in  fire  resistive  construc- 

tigators  that  a  slip  of  1/10  in.  be  considered  as  an  tion  were  given  by  Mr.  W.  A.  Hull  in  a  paper  pre- 

elastic  limit  seems  reasonable  as  the  load  with  such  sented  at  the  last  annual  meeting  of  the  American 

an  amount  of  slip  varies  from  50  per  cent  to  60  per  Society  for  Testing  Materials.    The  tests  showed  that 

cent  of  the  ultimate  load  carried.  the    concretes   from    gravel    and    from    boiler   refuse 

The  amount  of  slip  is  affected  by  the  time  element  f^'om  bituminous  coal   heated  through  most  rapidly, 

and  increases  slowly  over  loaded  periods  of  3  to  8  Trap  rock  and  blast-furnace  concretes  heated  through 

minutes.     For  Joint  No.   8  the  slip  occurred  at  the  "^"'•e  slowly    while  the    imestone    concretes    heated 

rate  of  .003  in.  per  minute  for  3  minutes  for  a  load  trough  most  slowly  of  all,  due  m  part  at  least  to  the 

one-half  of  the  ultimate  and  increased  with  increas-  thermal  effect  of  dissociation  of  CaCO.  m  a  thm  layer 

ing  loads  to  .02  in.  per  minute  just  before  the  ulti-  ""^f  the  surface.     Gravel  concretes  gave  Particularly 

,     ,      ,                  ,    J  unfavorable    indications   and   it   was   concluded   that 

mate  load  was  reached.  ,,                    ,                -j           ii.  ^                        i        i_ 

there  was  strong  evidence  that  some  gravels,  at  anv 

When  the  load  is  released  after  a  small  amount  of  ^^^^^  ^^^  distinctly  inferior  for  concrete  for  fire-re- 

shp  has  occurred,  the  joint  does  not  entirely  come  ^jg^j^g  construction.    It  was  concluded  also  that  cin- 

back  to  its  former  position  and  retains  from  1/16  to  ^^^  concretes  are  apparentlv  to  be  viewed  with  sus- 

1/10  in.  permanent  set.    Upon  reloading  to  the  amount  pj^ion,  especially  if  the  cinders  contain  much  com- 

of  the  first  load,  the  slip  did  not  increase  beyond  the  bustible  material,  which  is  apt  to  be  the  case  with 

original  amount.  cinders  from  bituminous  coal. 

The  tests  indicate  that  the  nail  heads  are  of  proper 

proportions  as  there  seemed  to  be  no  difficulty  in  con-  g^^„^  Production  in  I916.-The  value  of  the  .stone 

nection  with  the  nail  head  pulling  through  the  out-  ,       j  •    j.u    tt   •*  j  oi.  i      •     imr?          a-Tna^i  t-nn 

.  ,     , .    ,                                      1          a             6  produced  in  the  United  States  in  1916  was  $79,041,699, 

J  .     .  as  reported  to  G.  F.  Loughlin,  of  the  U.  S.  Geological 

The  strength  of  the  joint  seemed  to  be  affected  but  gurvey.   Department  of  the  Interior,   an   increase   of 

little  by  the  penetration  of  the  nai   in  the  center  piece,  ^^^^^^  g  ^^^  ^^^^  ^^^^  ^^^  ^^j^^  ^^^  ^9^5     q^  ^j^^  ^^^^^ 

if  the  penetration  of  the  nail  in  the  center  piece  was  ,,alue  over  52  per  cent,  or  $41,319,871,  was  represented 

40  per  cent  or  more  of  its  length  but  with  lesser  pen-  ^^  limestone,  an  increase  of  more  than  17  per  cent 

etrations  the  loads  were  reduced  and  for  a  penetra-  ^^,^^  ^■^^  ^^1^^  f^^.  jg^g     Marble,  valued  at  $7,033,171. 

tion  of  30  per  cent  the  strength  reduction  amounted  representing  nearly  9  per  cent  of  the  total,  was  the 

to  about  25  per  cent.  P,-,]y   ot^er   kind   of   stone   that   showed   an   increase 

Each  nail  in  a  joint  seems  to  support  an  equal  pro-  (about  2  per  cent).     Of  the  other  kinds,  granite  was 

portion  of  the  load.  valued  at  $17,418,582,  basalt  and  related  rocks  at  $7,- 

Large  nails  do  not  offer  as  much  lateral  resistance  666,297,  and  sandstone  at  $5,603,778,  representing  re- 

as  the   smaller   ones,   proportionately   or  per  penny-  spectively  22  per  cent,  10  per  cent,  and  7  per  cent  of 

weight.  the  production,  and  decreases  of  about  3  per  cent,  10 

It  is  of  interest  to  note  that  the  bearing  of  a  nail  on  per  cent,  and  8  per  cent  of  the  values  as  compared 

wood  when  the  joint  approaches  the  ultimate  load  is  with  1915.                                                 I 
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A  Simple  Method  of  Designing  a 

Double  Reinforced  Concrete 

Beam 

By  W.  S.  WOLFE, 

Instructor  in  Architectural   Engineering,  University  of 

Illinois. 

The  following  method  of  designing  double  rein- 
forced concrete  beams  has  been  found  very  conveni- 
ent.    Consider  the  following  problem: 

M  =  1,600,000  in.  lb. 

Max.  allowable  b  =  16  in. 

Max.  allowable  depth  =  26V2  in. 

Max.  allowable  fc  =  650  lb.  per  sq.  in. 

Max.  allowable  fs  =  16,000  lb.  per  sq.  in. 

Figure  1  shows  a  cross  section  of  the  beam;  and  it 
is  desired  to  find  the  proper  amount  of  tension  steel. 
As,  and  also  the  proper  amount  of  compression  steel, 
A's.  Draw  Fig.  2;  triangles,  F  B  E,  and,  ABC,  are 
similar,  and  for  the  given  stresses  the  neutral  axis  is 
found  by  proportion  to  be  9.1  in.  below  the  top  of  the 
beam.  The  compression  steel  is  therefore  7.1  in.  above 
the  neutral  axis,  and  by  proportion  the  stress  in  the 


S50*/06e=!7r6'- 


1066  _ 
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Fig.   1. 


Fig.   2. 


concrete  at  this  distance  above  the  neutral  axis  is 
found  to  be  507  lb.  per  squafe  inch.  First  consider  a 
beam  of  the  given  size  reinforced  for  tension  only 
and  see  how  much  moment  it  will  carry. 

Moment  ^  Rbd' 

Steel  area  =  b  d  p. 

From  common  tables  or  diagrams,  R  for  the  given 
stresses  is  found  to  be  about  107,  and  p  about  .0077. 

Moment  =  107  X  16  X  24^  =  988,000  in.  lbs. 

Steel  Area  =  16  X  24  X  .0077  =  2.96  sq.  in. 

1,600,000  —  988,000  =  612,000  in.  lbs.  =  remaining 
moment. 

The  remaining  moment  must  be  carriea  Dy  addi- 
tional steel,  tension  steel,  and  compression  steel  act- 
ing together  to  form  a  couple  the  arm  of  which  is 
22  in. 

Additional  tension  steel  area  =  27,800  ^  16,000  = 
1.74. 

As  =  1.74  +  2.96  =  4.70  sq.  in. 

A's  =  27,800 -^  (507  X  14)  =3.92  sq.  in. 

The  value  14  is  used  in  place  of  15  because  the  com- 
pression steel  has  displaced  some  of  the  compression 
concrete.  The  stress  in  the  compression  steel  is  507 
X   15  ^  7,600  lb.  per  square  inch. 


Production  and  Consumption  of 
Building  Material 

Interesting  statistics  on  the  production  and  con- 
sumption of  various  materials  used  in  general  build- 
ing and  construction  are  given  in  a  recent  bulletin 
of  the  U.  S.  Department  of  Agriculture.  The  report 
was  prepared  by  Rolf  Thelen,  Engineer  on  Forest 
Production,  and  is  issued  as  a  contribution  of  the 
U.  S.  Forest  Service.  The  following  notes  are  ab- 
stracted from  the  bulletin. 

The  five  principal  building  mateiials  used  in  the 
United  States  are  lumber,  concrete,  steel,  brick  and 
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clay  products  other  than  brick.  The  competition  of 
these  materials,  following  rapidly  changing  demands 
as  well  as  rapidly  changing  conception  of  their  utility, 
has  undergone  a  remarkable  change  during  the  last 
few  decades.  The  change  has  resulted  from  several 
economic  factors,  chief  of  which  are:  the  effect  upon 
rural  construction  of  the  gradual  settlement  of  agri- 
cultural regions;  the  movement  of    population    from 
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Fig.    2 — Index    Nuiibers   of   V>/holesale    Prices:    Lumber,    Bar    Iron, 
Brick. 

country  to  city,  building  codes  in  urban  construction, 
and,  finally,  comparative  utility  and  cost. 
Comparative  Cost  of  Materials. 
Cost,  equally  with  service  or  utility,  may  determine 
the  ultimate  use  of  competing  materials.  Satisfactory 
comparative  costs  of  final  structures  made  of  different 
materials  are  d^cult  to  obtain.  Wholesale  prices  of 
these  materials  are  much  simpler  and  will  answer  the 
purpose  of  this  discussion  practically  as  well.  The 
relative  prices,  or  index  numbers,  shown   in   Figs.  1 
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and  2  for  lumber,  brick,  bar  iron,  Portland  cement,  and 
"all  commodities,"  for  1890  to  1914  or  1915,  inclusive, 
are,  with  the  e.xception  of  the  yellow-pine  mill  and 
wholesale  prices,  based  largely  upon  data  taken  from 
the  publications  of  the  Bureau  of  Labor  Statistics,  De- 
partment of  Labor. 

The  six  special  grades  or  kinds  of  lumber  are  hem- 
lock, poplar,  spruce,  yellow  pine,  maple  and  white  oak. 
The  Bureau  of  Labor  Statistics  prices,  on  which  the 
curve  for  these  species  is  based,  are  taken  from  quo- 
tations in  the  New  York  Lumber  Trade  Journal.    Base 


been  above  the  average  and  the  volume  of  material 
sold  comparatively  small.  The  average  mill  and 
wholesale  price  for  yellow  pine  is  a  mill  price  which 
includes  a  large  number  of  sales  direct  to  retailers. 
It  includes  selling  costs,  but  is  not  a  truly  repre- 
sentative wholesale  price  because  it  does  not  include 
freight  rates  from  the  mill  to  the  retail  yard.  The 
yellow  pine  prices  are  representative  of  material 
which  forms  the  great  bulk  of  the  lumber  cut. 

The  true  wholesale  lumber  price  curve  falls  between 
the  two  given.    A  general  though  not  regular  increase 
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Fig.    3 — Lumber    Consumption    in    United    States    and    Number    of 
IVIills    Reporting     Production. 

prices  are  used  for  hemlock  and  spruce,  and  prices 
for  one  or  two  selected  grades  of  poplar,  yellow  pine, 
maple  and  oak.  The  average  mill  and  wholesale  price 
of  southern  pine  is  based  upon  mill  prices,  which 
are  also  largely  wholesale  prices.  They  were  ob- 
tained by  the  Forest  Service,  The  brick  is  com- 
mon red  domestic,  the  bar  iron,  "best  refined"  from 
the  Philadelphia  market;  and  the  Portland  ce- 
ment domestic.  The  "all  commodities"  curve  repre- 
sents the  unweighted  arithmetical  average  index  price 
of  the  252  commodities  on  which  the  Bureau  of  Labor 
statistics  secured  data.  It  indicates  the  actual  trend 
of  wholesale  prices  in  the  United  States.  Prices  are 
made  comparable  by  indexes.  An  average  of  the 
prices  of  any  commodity  from  1890  to  1899  represents 
the  normal  price  of  100  per  cent  in  the  commodity 
eurve.  The  price  for  each  year  is  then  calculated  as 
a  percentage  of  the  normal  price  and  so  expressed. 
For  the  normal  price  of  cement,  the  Bureau  of  Labor 


■on     and     Steel     Structural     Shapes     in 
United   States. 

in  lumber  prices  is  shown  for  the  25-year  period  cov- 
ered. A  broad  study  of  the  situation  indicates  that 
the  increase  in  lumber  prices  until  1907  was  more 
rapid  than  the  average  for  all  commodities;  since  then 
the  increase,  if  any,  has  been  less  rapid  than  the  aver- 
age. For  the  period  shown,  the  general  tendency  has 
been  toward  increasing  prices  for  lumber  and  decreas- 
ing prices  for  its  competitors.  Exact  percentages  can- 
not be  given  in  the  case  of  lumber;  but  between  1890 
and  1915  common  red  domestic  brick  prices  fell  7  per 
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statistics  data  for  1895-1899  were  supplemented  by 
prices  constructed  from  United  States  Geological  Sur- 
vey statistics.  Prices  of  structural  steel  shapes  com- 
parable with  the  others  used  in  Figs.  1  and  2  were 
not  available,  and  those  for  bar  iron  are  given  as  rep- 
resenting the  best  substitute.  Prices  could  not  be 
obtained  for  clay  building  tile,  but  are  understood  to 
have  varied  only  slightly  in  the  last  two  decades. 

Neither  of  the  lumber  curves  pre*nts  an  entirely 
fair  picture  of  the  wholesale  price  situation.  That  for 
the  six  kinds  of  lumber  is  made  up  largely  of  species 
and  grades  in  which  prices  for  various  reasons  have 


cent,  bar  iron  prices  15  per  cent,  and  cement  prices 
54  per  cent.  A  more  or  less  regular  increase  in  lum- 
ber prices  and  a  drop  in  cement  prices  of  54  per  cent 
during  the  same  period,  coincident  with  the  develop- 
ment of  the  cement  industry,  are  indicative  of  one  set 
of  economic  conditions  which  have  made  possible  the 
very  active  competition  of  cement  and  its  products 
with  wood. 

Incidentally,  the  curve  of  brick  prices  is  of  interest 
when  studied  in  connection  with  Fig.  4,  showing  the 
consumption  of  building  brick  in  the  United  States. 
With  the  exception  of  the  peak  during  the  years  from 
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1904  to  1906,  the  price  of  brick  has  been  very  steady, 
whereas  the  consumption  has  varied  widely.  The  point 
of  highest  price  corresponds  to  one  of  the  two  points 
of  greatest  production,  and  the  other  point  of  max- 
imum output  corresponds  with  a  minor  peak  in  the 
price  curve  during  the  unusually  prosperous  year  of 
1909.  There  appears  to  be  a  direct  relation  between 
e.xceptional  volume  of  demand  and  marked  increases 
in  price. 

Production  and  Consumption. 
The   total   estimated   lumber    consumption    in    the 
United  States  is  shown  in  Fig.  3.     This  is  one  of  the 
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Fig.    7 — Value    of    Producticr.    of    Clay     Building    Materials    in 
United    States. 

best  indexes  available  of  the  changing  use  of  wood  in 
building  and  construction.  Curves  giving  the  number 
of  mills  reporting  and  their  reported  cut  of  lumber 
are  shown  to  indicate  graphically  as  far  as  possible 
the  basis  for  the  estimates  of  total  consumption.  These 
estimates,  except  that  for  1909,  for  which  a  very  com- 
plete census  was  taken,  represent  the  consensus  of 
opinion  of  a  number  of  men  familiar  with  the  records 
of  lumber  cut  for  a  number  of  years  and  the  condi- 
tions in  the  industry.  Allowances  were  made  for  ex- 
ports and   imports.     The   number  of  mills   reporting 
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varies  to  a  considerable  degree  with  the  character  of 
the  census  and  is  not  necessarily  an  indication  of  the 
number  of  mills  in  operation  during  any  year.  Or- 
dinarily, however,  the  bulk  of  the  mills  not  report- 
ing were  of  small  capacity  and  did  not  materially  in- 
fluence the  total  cut. 

The  consumption  of  building  brick  in  the  United 
States  as  shown  in  Fig.  4  has  apparently  fallen  off 
about  27  per  cent  since  1909.  The  total  is  made  up  of 
common  and  front  clay  brick,  common  front  and  finish 
sand-lime    brick,    and    sand-lime    blocks.      Sand-lime 


brick  represent   about   2  per   cent   of  the  total   con- 
sumption. 

Evening  out  violent  fluctuations,  the  consumption 
of  iron  and  steel  structural  shapes,  practically  all  of 
which  are  eventually  used  in  buildings  and  bridges, 
has  on  the  whole,  as  shown  in  Fig.  5,  increased  rap- 
idly from  1898  to  1913.  This  increase  was  28.5  per 
cent  to  1913,  and  174  per  cent  to  1914,  an  off  year.  The 
consumption  of  steel  during  1906-7,  the  years  of  max- 
imum lumber  consumption,  and  1914  are  nearly 
identical,  in  spite  of  the  fact  that  the  general  trend 
for  steel  is  upward,  while  it  is  downward  for  lumber. 


Fig.    E — Value    of    Building    Permits    Issued    in   20   Cites    of 
United    States. 

Natural  cement  was  still  popular  30  to  35  years  ago 
when  the  Portland  cement  industry  was  in  its  infancy. 
Most  of  the  present  production  in  the  United  States, 
however,  as  is  shown  in  Fig.  6,  is  Portland  cement. 
Between  1907  and  1915,  while  the  total  lumber  con- 
sumption fell  off  approximately  15  per  cent,  cement 
consumption  increased  48  per  cent.  The  cement  con- 
sumption   curve    shows   a   rapid   and   practically   un- 
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Fig.    10 — Values    of    Principal    Materials    Used    in    Building 
Construction. 

broken  increase,  and  in  this  respect  differs  from  the 
curves  for  all  of  the  other  principal  construction  ma- 
terials. 

The  value  of  various  clay  building  materials  pro- 
duced in  the  United  States  is  shown  in  Fig.  7.  "Tile 
not  drain"  includes  floor  tile,  wall  tile,  roofing  tile,  and 
faience,  or  art  tile.  The  proportionate  output  of  the 
various  products  is  indicated  for  the  year  1913  by  the 
following  valuations:  Floor  tile,  $2,483,082;  wall  tile, 
$1,763,992;  roofing  tile,  $1,130,286;  faience,  $731,820. 
Evening  off  rather  violent  fluctuations,  production  of 
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all  the  clay  products  has  increased  rapidly  since  1899. 
From  1907  to  1915  the  general  increase  has  been  about 
20  per  cent.  Further  evidence  on  the  relative  con- 
sumption of  iron  and  steel  shapes  and  lumber  in  build- 
ing construction  is  presented  in  Fig.  8  showing  the 
consumption  of  steel  shapes  and  cut  wire  nails  on  a 
basis  made  comparable  by  indexes.  The  consumption 
in  1914  has  been  taken  as  the  base,  or  100  per  cent,  for 
both  curves.  Percentages  for  other  years  are  then 
determined  by  comparing  the  consumption  during  the 
year  with  that  of  1914.  If  the  consumption  of  nails 
is  a  good  general  indication  of  the  use  of  lumber  in 
building  and  construction,  as  is  sometimes  assumed, 
the  curve  indicates  that  there  was  a  steady  increase 
from  1898  to  1909,  and  since  that  time  a  falling  off 
amounting  to  approximately  20  per  cent.  The  use  of 
structural  shapes,  although  erratic,  has  in  general  in- 
creased rapidly. 

The  peaks  and  depressions  in  the  various  produc- 
tion curves  are  an  excellent  index  of  the  general 
financial  conditions  in  the  country  during  the  period 
covered.  Thus  in  1908  all  of  the  materials,  except 
cement,  suffered  a  sharp  decline  and  cement  showed 
a  small  rate  of  increase.  Since  1893  the  production  of 
cement  has  fallen  off  only  in  1914  and  1915,  whereas 
all  of  the  other  materials,  notably  steel,  have  shown 
sharp  declines  from  time  to  time. 

Building  Permits. 
From  data  published  by  the  United  States  Geological 
Survey  in  its  annual  report  on  the  mineral  resources 
of  the  United  States,  curves  have  been  constructed, 
Fig.  9,  showing  the  value  of  the  building  permits  is- 
sued in  20  cities,  by  classes.     The  classes  are  wood, 
brick,  stone,  concrete  and  all  other  not  wood.     The 
last  includes  steel-skeleton  construction.    Veneer  and 
stucco  buildings  are  included  under  wood.      An  esti- 
mate  of  the  extent  to    which    stucco    has    replaced 
wooden    siding   has,    however,   been    obtained   in   an- 
other  way   and   is   given    later.     The   20   cities   are: 
Atlanta,  Ga. ;  Boston,  Mass.;  Cleveland,  Ohio;  Grand 
Rapids,   Mich.;    Hartford,   Conn.;    Indianapolis,   Ind. 
Kansas  City,  Mo.;  Los  Angeles,  Cal. ;  Louisville,  Ky. 
Lowell,   Mass.;   Milwaukee,  Wis.;   New  York,  N.  Y. 
Philadelphia,  Pa.;  Richmond,  Va. ;  Rochester,  N.  Y. 
San   Francisco,   Cal.;   Scranton,   Pa.;   Seattle,  Wash. 
Syracuse,  N.  Y. ;  and  Washington,  D.  C.    With  a  few 
minor  exceptions,  the  data  from  all  of  these  cities  are 
exactly  comparable,  and  these  exceptions  have  prac- 
tically no  effect  upon  the  final  curves.    Unfortunately, 
it  is  not  possible  to  subdivide  the  "not-wood"  curve 
into  its  components  for  the  years  1906-1908,  inclusive. 
The  depression  in  all  of  the  curves  for  1908  is  very 
marked.     It  corresponds  to  similar  depressions  in  the 
building  material   curves.     The  lesser  depression  in 
1911  is  also  reflected  in  practically  all  classes  of  build- 
ing permits.     Lumber,  so  far  as  town  construction  is 
concerned,  is  shown  to  be  the  most  stable  of  all  the 
building  materials.     General  financial  conditions  are 
first  reflected  in  the  permits  for  brick  and  tile  build- 
ings and  last  in  wooden  buildings.    In  other  words,  the 
construction  of  wooden  buildings  in  towns  tends  to 
follow  the  even  tenor  of  its  way  irrespective  of  panics 
and  financial  depressions.     This  is  undoubtedly  due 
to  the  larger  proportion  of  small  residences  built  of 
wood,  the  demand  for  which  is  less  dependent  upon 
the  financial  barometer.     The  total  wood  curve  has 
been  practically  unifoi-m  since  1906-7.  This  curve  does 
not,  however,  indicate  the  substitution  of  stucco  for 
wooden  siding,  which  may  amount  to  as  much  as  13 
per  cent;  and  also  does  not  indicate  the  amounts  ab- 
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sorbed  by  the  general  increase  in  labor  costs  in  the 
building  trades,  which  account  for  from  5  to  15  per 
cent  of  the  value  of  the  1913  permits. 
Summary. 
Lumber  consumption  in  the  United  States  reached 
its  maximum  in  1907  and  has  since  fallen  off  ap- 
proximately 15  per  cent.  During  the  same  period  the 
use  of  lumber  in  general  building  and  construction 
has  probably  fallen  from  32  to  27  billion  feet,  or 
about  5  billion  feet.  Brick  is  the  only  competing  ma- 
terial whose  consumption  has  fallen  off.  Though  the 
consumption  of  iron  and  steel  structural  shapes  was 
nearly  identical  in  1906-7  and  in  1914,  an  off  year,  the 
general  trend  of  the  steel  curve  is  upward,  while  that 
of  lumber  is  downward.  The  general  increase  in  steel 
consumption  was  probably  about  45  per  cent  between 
1907  and  1914,  and  the  rise  in  the  curve  from  1900  to 
1907  was  similar  to  that  from  1907  to  the  present. 
The  increase  in  cement  consumption  from  1907  to  1915 
is  48  per  cent  and  that  from  1900,  290  per  cent.  The 
increased  consumption  of  clay  building  products  dur- 
ing the  same  periods  was  20  per  cent  and  170  per 
cent,  respectively.  The  use  of  nails,  which  reached 
its  highest  point  in  1909,  indicates  that  lumber  con- 
sumption in  building  construction  has  since  fallen  off 
20  per  cent.  Building  permits  in  20  cities,  consider- 
ing the  increase  in  labor  costs  and  the  substitution 
of  stucco  for  wooden  siding,  indicate  a  falling  off  in 
the  construction  of  wooden  buildings. 

Data  for  the  entire  country  on  the  building  situa- 
tion as  a  whole  are  unavailable.  There  are  obvious 
difficulties  in  reducing  to  a  common  structural  unit,  as 
a  basis  for  comparison,  such  different  materials  as 
lumber,  cement,  structui-al  steel  and  brick  and  other 
clay  building  products;  and  this  is  made  still  more 
difficult  by  the  innumerable  forms  of  use  in  building 
construction.  An  approximation  of  the  general  sit- 
uation may,  however,  be  obtained  from  a  considera- 
tion of  the  total  values  of  the  principal  construction 
materials,  as  shown  in  Fig.  10.  Lumber  values  were 
obtained  by  applying  a  10-year  average  mill  price, 
$14.74,  to  the  total  estimated  production  as  given  in 
Fig.  3;  cement  values,  by  using  a  20-year,  1895-1914, 
average  mill  price  of  $1.72  obtained  from  the  Bureau 
of  Labor  Statistics,  with  the  production  of  cement 
shown  in  Fig.  6;  structural  steel  values,  by  using  the 
Bureau  of  Census  mill  value  of  $33  averaged  for  1909, 
1904  and  1899,  with  the  consumption  data  shown  in 
Fig.  5;  and  building  brick  values  by  using  a  17-year 
average  price  of  $6.05  per  1,000  on  red  brick,  taken 
from  Bulletin  181,  Bureau  of  Labor  Statistics.  For 
other  clay  building  products  it  has  been  necessary  to 
use  the  total  value  of  the  output  as  reported  annually. 
While  not  directly  comparable  with  the  other  curves 
this  can  have  little  influence  on  the  results  shown. 

The  percentage  of  the  various  materials  which  com- 
pete in  general  building  and  construction  undoubtedly 
varies  somewhat  between  materials  and  from  year  to 
year,  so  that  the  curves  are  not  exactly  comparable. 
It  is  believed,  however,  that  the  curves  clearly  indi- 
cate a  rapid  and  fairly  regular  increase  in  building 
and  construction  as  a  whole  up  to  1913;  and,  further, 
that  the  increased  consumption  of  building  materials 
other  than  lumber  was  more  than  enough,  after  1907, 
to  offset  the  decline  in  lumber  production  and  con- 
tinue the  increase  in  the  total  amount  of  building.  In 
short,  building  and  construction  in  the  countiy  seem 
to  be  increasing  despite  the  fact  that  lumber,  still  by 
far  the  leading  construction  material  in  the  value  of 
its  output,  has  been  falling  off  since  1907. 
70) 
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Building    100    Concrete     Houses 

With  Standardized  Designs 

and  Forms 

A  completed  concrete  house  every  three  days  is  the 
record  of  production  established  by  the  Aberthaw 
Construction  Co.,  Boston,  Mass.,  in  the  erection  of  100 
concrete  dwellings  for  the  American  Steel  &  Wire  Co. 
at  Donora,  Pa.  The  houses  are  neat  and  attractive 
and  of  eight  different  styles,  containing  4,  5  or  6 
rooms,  all  with  a  bath  and  cellar.  A  few  of  the  houses 
were  erected  in  pairs  with  party  walls,  but  the  great 
majority  of  them  are  detached. 


P^^iE- 


Partially    Completed    Houses. 

The  average  floor  area  is  about  26x26  ft.,  and  the 
6-room  houses  contain  living  room,  dining  room  and 
kitchen  on  the  lower  floor  and  three  chambers  and  a 
bath  on  the  upper  floor.  All  houses  are  of  the  box 
type  with  solid  concrete  walls  6  in.  thick  reinforced 
vertically  on  both  faces  and  horizontally  on  the  outer 
face  with  straight  rods.  The  intermediate  partition 
wall  cuts  down  the  floor  spans  to  12  or  15  ft.  The 
floors  are  of  the  ribbed  reinforced  concrete  type,  with 
the  ribs  spanning  between  the  outer  and  interior 
walls.  In  the  cellar  these  ribs  are  left  exposed,  but 
on  other  floors  plaster  board  is  nailed  to  strips  left 
in  the  concrete  and  a  finish  plaster  coat  is  applied. 
The  cornice  is  of  reinforced  concrete  in  which,a  gut- 
ter is  formed. 

On  top  of  the  concrete  structure  there  is  a  roof  of 
spruce  framing  covered  with  asbestos  slate.     Thus, 


Foundation   Work  for  Row  of  Concrete   Houses. 

with  the  exception  of  the  roof  frame,  steps,  window 
sashes  and  door  frames  the  houses  are  non-combus- 
tible. 

Each  house  is  equipped  with  gas,  furnace  and  cook- 
ing range,  electric  lighting  and  with  modern  kitchen 
and  bathroom  equipment.  Costs,  including  this  equip- 
ment, ranged   from  $2,000  to  $3,300  for  each  house. 


steel    Forms    Consisting    of   9-ln.    Channels. 

This  price  does  not  hold  good  under  present  market 
conditions. 

The  fact  that  this  work  was  undertaken  and  accom- 
plished with  such  speed  and  satisfaction  was  due  to 
the  application  of  methods  used  on  large  buildings  to 
the  building  of  100  individual  establishments.  The 
designs  were  thoroughly  worked  out  in  the  first  place, 


Village    of    Standard    Concrete    Houses    Erected    at    Donora,    Pa.,   for  Workmen    of   American   Steel   &    Wire    Co. 
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and  standardized  steel  forms  and  wooden  forms  were 
used  on  successive  rows  of  houses. 

The  steel  forms  are  of  the  special  channel  type  pat- 
ented by  the  Lambie  Concrete  House  Corporation,  and 
consist  of  9-in.  channels  which  are  set  up  vertically 
and  are  connected  together  with  clips  and  wedges.  A 
4x4-in.  steel  angle  is  set  up  at  the  corner  of  the  build- 
ing and  the  forms  are  lined  up  longitudinally  by  a 
.steel  channel  used  to  form  a  belt  course.  This  not 
only  fastens  the  form.5  of  the  lower  floor  but  is  bolted 
into  the  floor  leinforcement  and  remains  in  place  as 
a  support  for  the  second-story  forms  It  is  removed 
after  all  the  concrete  has  been  poured. 

The  houses  were  constructed  in  groups,  a  set  of 
forms  being  used  for  a  group  and  then  taken  down 
as  quickly  as  possible  and  used  for  the  next  group. 
Usually  the  foi-ms  were  set  up  for  1-story  wall  and 
floor  together,  and  then  concrete  was  poured  for  this 
section   all   at  one   time.     To   complete   1-story  takes 


Old  Steel  Spans  Used   for  Traffic 

and  Working  Platform  During 

Construction  of  Arch  Bridge 

Beneath 

By  R.  \V.  GEARHART, 
Highway  Engineer,  Buchanan  County,  Iowa. 

Two  steel  spans  of  an  old  bridge  at  Independence, 
Iowa,  were  supported  and  used  to  maintain  traffic  and 
also  as  a  working  platform  during  the  construction 
of  a  3-span  arch  concrete  bridge  directly  beneath  it, 
which  has  recently  been  completed  under  the  supervi- 
sion of  the  writer. 

A  clause  in  the  contract  required  the  maintenance 
of  a  foot  bridge  during  construction.  The  contractor 
decided  to  support  the  old  bridge  in  place  rather  than 
build  a  temporary  foot  bridge,  as  the  course  chosen 


The   Two    Bridges   With    Arch    Centering   Still    in    Place. 


about  7  days  and  working  at  this  rate  a  house  of  two 
floors  and  a  cellar  is  completely  concreted  in  three 
weeks,  and  with  twelve  sets  of  forms  the  same  num- 
ber of  form  houses  are  completed  in  this  period.  Sub- 
sequent to  this,  plumbing,  heating,  plastering,  roofing 
and  finishing  must  be  completed  requiring  about  5 
weeks  more.  Twelve  houses  were  completed  in  the 
first  eight  weeks  and  twelve  every  three  weeks 
thereafter. 

The  contract  for  these  houses  was  taken  over  by 
the  Aberthaw  Construction  Company  from  another 
contractor.  The  original  contractor  placed  concrete 
from  a  high  stationai-y  tower  with  a  chute.  However, 
on  account  of  the  number  of  moves  of  the  tower  nec- 
essary to  cover  the  whole  housing  area,  and  on  ac- 
count of  the  small  amount  of  concrete  poured  per 
house,  125  cu.  yd.  on  the  average,  the  tower  method 
proved  inefficient  and  the  cost  per  yard  of  concrete 
was  quite  high.  This  cost  was  further  increased  by 
the  cost  of  tower  erection  and  construction. 

The  Aberthaw  Company  substituted  small  Koehring 
mixers  which  were  placed  beside  each  house  during 
the  placing  of  the  concrete  Wheelbarrows  containing 
the  concrete  were  raised  by  a  small  hoist  placed  on 
each  building. 


made  it  possible  to  use  the  old  bridge  in  placing  the 
concrete  and  earth  fill  required  for  the  new  one.  After 
the  new  bridge  was  done  it  was  easy  to  dismantle  the 
old  steel  spans  on  it  without  the  necessity  for  false- 
work. The  east  abutment  of  the  new  bridge,  which 
consists  of  three  80-ft.  span  arches,  was  located  inside 
of  the  old  abutment,  but  the  west  abutment  was  so 


More  than  400,000,000  ft.  of  Southern  pine  (approxi- 
mately 20,000  carloads)  has  been  purchased  by  the 
government  through  the  Southern  Pine  Emergency 
Bureau  for  the  war  needs  of  the  nation  here  and 
abroad,  according  to  figures  submitted  at  a  general 
meeting  of  lumbermen  on  Oct.  23.  This  is  in  addition 
to  about  375,000,000  ft.  of  timbers  being  placed 
through  the  Bureau  for  the  construction  of  250  ships 
for  the  Government's  wooden  fleet. 
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Placing    False    V\/ork    for    Arch    Centers. 

located  that  the  old  abutment  had  to  be  removed.  The 
west  end  of  the  west  span  of  the  steel  bridge  was 
therefore  supported  by  a  bent  under  each  shoe,  con- 
sisting of  two  12x12  timbers  and  one  12-in.  I-beam 
resting  on  timber  posts.  After  the  new  abutment  was 
completed,  the  weight  of  the  span  was  transferred  to 
two  10x24-in.  timbers,  one  under  each  shoe,  bearing 
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directly  on  the  new  abutment.    This  support  remained 
in  place  until  the  old  steel  was  removed. 

The  east  and  west  spans  of  the  new  bridge  were 
concreted  under  the  floor  of  the  old  bridge,  there  being 
4-in.  clearance  between  the  top  of  the  arch  ring  and 
the  lower  chord  of  the  old  bridge.  It  was  necessary, 
however,  to  suppoi't  the  inside  ends  of  the  two  steel 
spans,  while  the  old  pier  was  removed  and  the  new 
center  arch  was  constructed.     The  pins  of  the  shoes 
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Supporting  Old  Spans  While  Pier  Was   Removed. 

of  these  spans  were  2-ft.  11-in.  apart.  Three  railroad 
rails  were  placed  upon  the  pins  as  a  supporting  span 
to  reduce  the  area  occupied  by  the  temporary  support, 
so  that  the  opening  which  had  to  be  left  in  the  arch 
ring  could  be  made  as  small  as  possible.  The  opening 
left  was  5-ft.  3-in.  long  and  1-ft.  6-in.  wide.  The  shoes 
were  first  supported  on  timber  bents  while  the  old 
pier  was  removed,  and  then  on  12x24-in.  columns  di- 
rectly  supporting  the   rails,  as   shown   in   one  of  the 
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Falsewcrl<    to    Supporting 
columns. 

photographs.  The  reinforcing  steel  which  passed 
through  the  opening  was  bent  around  the  supporting 
columns  in  such  a  manner  that  the  strength  of  the 
arch  was  not  impaired  after  the  columns  were  re- 
moved and  the  wedge  shaped  opening  filled  with  con- 
crete. 

The  Widell  Co.  of  Mankato,  Minn.,  was  the  con- 
tractor. The  new  bridge  was  designed  by  the  Iowa 
Highway  Commission. 


Fills  Versus  Viaducts  for  City- 
Streets 

Interesting  comparative  costs  of  various  types  of 
structures  proposed  for  erection  in  connection  with 
special  and  rather  unique  street  improvements  of  the 
city  of  Astoria,  Ore.,  are  given  by  Mr.  Robert  E.  Cush- 
man,  in  a  paper  in  the  September  Journal  of  the  Ore- 
gon Society  of  Engineers.  The  paper,  practically  in 
full,   follows:  * 

In  order  to  improve  sanitary  conditions  and  to  pro- 
vide a  substantial  foundation  for  a  modern  and  a 
permanent  citj';  the  tide  flats  over  which  the  business 
district  of  Astoria  was  built  on  piles  were  filled  in 
by  means  of  a  hydraulic  fill  pumped  in  from  the  river. 
The  top  of  this  fill  is  at  a  grade  slightly  above  high 
water  and  on  an  average  9  ft.  6  in.  below  newly  es- 
tablished street  grade.  The  fact  that  a  new  street 
grade  was  established  necessitated  removing  the  old 
street  system  (trestle  construction)  and  the  con- 
struction of  a  new  street,  approximately  4  ft.  6  in. 
above  the  old  grade;  also  all  structures  adjacent  to 
the  streets  had  to  be  raised  a  like  amount.  The  final 
result  was  a  basement  space  9  ft.  6  in.  in  depth  and 
street  problems,  as  follows: 

(1)   To   repair   the   old,   badly   depreciated   wooden 


Railroad    Rails   and    Columns    in    Place    as    Support   for    Old    Spans 
While   Center   Arch    Was    Turned. 

trestle  with  a  new  wooden  trestle  of  the  same  type  as 
the  original. 

(2)  To  fill  in  the  streets  with  a  sand  or  earth  fill 
retained  by  walls,  or  with  a  natural  slope  extending 
onto  the  adjacent  property. 

(3)  To  construct  a  reinforced  concrete  viaduct, 
thus  providing  a  utility  subway. 

(4)  To  construct  a  wooden  viaduct  surfaced  with 
asphalt  or  bitulithic. 

Plan  No.  1  was  given  no  consideration,  as  prac- 
tically a'll  property  owners  desired  a  more  permanent 
and  more  sanitary  street  than  would  be  provided  by 
a  wooden  trestle.  The  average  life  of  such  a  struc- 
ture in  Astoria  in  the  past  has  been  only  about  8 
years,  and  the  cost  to  property  owners  has  been  close 
to  $2  per  foot  of  street  per  year. 

Engineering  Statistics. 

The  average  depth  of  fill  in  the  case  of  Astoria  is 
about  11  ft.,  and  directly  under  this  fill  is  a  layer  of 
about  20  ft.  (average)  of  compressed  silt,  under  which 
there  is  a  strata  of  clay  from  1  ft.  to  9  ft.  in  depth, 
and  under  the  clay  there  is  a  solid  gravel  stone  for- 
mation, or  compacted  clay. 

After  this  fill  was  placed,  charts  were  kept  record- 
ing the  natural  settlement  for  over  a  year.  It  was 
observed  that  a  very  marked  settlement  took  place 
for  many  months  after  the  fill  had  been  placed. 

Unit  bearing  tests  were  made  in  various  sections 
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of  the  city  by  the  usual  te.st  platform  method.  The 
bearings  were  also  flooded  to  duplicate  the  condition 
that  would  occur  should  the  ground  become  flooded 
as  in  the  case  of  fires.  The  records  obtained  indi- 
cated a  safe  bearing  value  of  about  one  ton  per  square 
foot  near  the  sea  walls  and  1^2  to  2  tons  per  square 
foot  near  the  inside  edge  of  the  fill. 

Another  very  interesting  bearing  test  was  made 
as  follows:  ^  section  of  the  main  street  of  the  city 
(Commercial  St.)  was  cut  free  from  the  other  trestle 
construction,  and  free  from  the  piling.  This  section 
of  street  was  then  loaded  with  sand  on  a  sub-plat- 
form under  the  street,  and  the  whole  structure  was 
supported  on  grillage  footings.  This  test  platform 
purported   to   duplicate   the   condition    of   a   concrete 
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Summary  of  Estimates  for  Typical  Schemes. 

viaduct  supported  on  footings.  The  average  daily 
traflSc  over  this  platform  was  estimated  to  be  at  least 
2,000  tons,  consisting  of  11-ton  street  cars,  auto  trucks 
and  light  vehicles.  Loads  on  the  footings  (estimated) 
varied  from  1,500  lb.  to  2,400  lb.  per  square  foot.  The 
settlement  at  the  end  of  one  month  after  the  begin- 
ning of  the  test  varied  from  19/32  in.  to  1  9/16  in. 
under  the  various  footings,  and  ultimately  a  settle- 
ment in  excess  of  3  in.  was  recorded  for  the  footing 
carrying  the  maximum  load,  with  no  indications  that 
settlement  had  ceased.  Comparison  with  the  settle- 
ment readings  for  test  platforms  carrying  static  loads 
showed  conclusively  that  impact  was  the  cause  of 
the  excess  settlement  under  street  traflSc.    The  very 


nature  of  the  wooden  platform  tested  was  such  that 
the  whole  structure  could  not  act  as  a  unit,  hence 
the  effect  of  impact  was  not  spread  out,  but  was 
isolated  and  acted  independently  over  each  individual 
post. 

The  general  data  used  in  designs  were  as  follows: 

For    Uetaining   Walls:     (Concrete    1:2:1   mix.) 

Equivalent  fluid  pressure,  30  lb.  per  cu.   ft. 

(Rankin's   formula   was   not   used.) 

Equivalent  surcharge,  5  ft. 

V.'eight  of  fill,  100  lb.  per  cu.  ft. 

"Weight  of  concrete,  130  lb.  per  cu.  ft. 

Sidewalk  live  load,  250  lb.  per  sq.  ft. 

Stress  in   steel   (tension),   16,000  lb.   per  sq.   in. 

Stress  in  concrete  (compression),  650  lb.  per  sq.  in. 

Coeff.   of  friction,   .67. 
For  Concrete  Viaducts:     (Concrete  1:2:4  mix.) 

Weight  of  concrete,  150  lb.  per  cu.  ft. 

Street   live   load,   20-ton  motor  truclis  passing  in   pairs. 

Sidewalk   live  load.   150  lb.   per  sq.   ft.    (v.'ood  walks). 

Koadway    (impact)    was   figured    by    the   formula. 
L? 

~     L+D 

D  =  Dead  load  moment.    I  =  Moment  due  to  impact, 
ioad   moment. 

Stress  in  .steel   (tension),   13,000  lb.  per  sq.  in. 

Stress   in  concrete   (compression),   350  lb.   per  sq.    in. 

Slre.ss   in  longitudinal  column  steel.    10.500  lb.    per  sq.    in. 

Stress  in  spiral  steel   (equivalent),   16,000  lb.   per  sq.    in. 

stress  in  core  of  column,  660  lb.  per  sq.  in. 

N'd   impact   was  figured  in  designing  columns  or  footings. 

Where  pile  foundations  were  figured  sufficient  data  were 
available  from  past  soundings  and  other  pile-driving  records  to 
determine  the  approximate  length  rft  piles  required  in  various 
.sections  of  the  city.  Bearing  on  piles  was  to  have  been  figured 
bv   the   formula 

2WH 


Live 
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s+i 

n-here  L.  =  safe  load   in  tons,   (h)   equals  fall  of  hammer  in  feet, 
<w)   equals  weight  of  hammer  in  tons,  and  (s)  'equals  penetration 
in   inches  under  Ifst  blow.     Limiting  load  25   tons. 
Wooden   Viaducts: 

.Street  live  load,  15-ton  trucks  passing  in  pairs. 

Sidewalk  live  load,  250  lb.  per  sq.  ft. 

Impact  en   the  roadv/ay  was  figured  by  the  same  formula  as 
:ised    lor   the   concrete;  viaduct  with   an   established   limit   of  100 
per   cent. 
Limits   Established: 

Extreme  fibre  stress  for  caps,  stringers  and  decking,  l.fMO  lb. 
per  sq.  in, 

Cumpression  on  columns,   1.500  lb.  per  sq.   in.,  modified  by  the 
coniHTon  rules  for  length  to  least  dimension.     Defiection  was  also 
considered   and  was  limited  to  1/360  oC  the  span. 
Treatment  of  Timbers: 

Sills,    S  lb.   creosote  treatment. 

Posts,    u   lb.    creosote    treatment. 

Deckin.g,  8  lb.  creosote'  treatment. 

Stringers,  caps  and  bracing,  nn  treatment. 

Cost  statistics. 

Comparative  estimated  costs  of  different  classes  of 
construction  proposed  are  shown  in  Fig.  1.  Types  of 
construction  shown  are: 

A.  Cantilever  walls  at  curb  (no  piles). 

B.  Cantilever  walls  at  curb  supported  on  piles. 

C.  Counterfoi-ted  walls  at  curb  supported  on  piles. 

D.  Flat  slabs  at  curb  with  ties  across  street.  (Slab 
reinforced  in  two  directions.) 

E.  F.  G.     Types  of  reinforced  concrete  viaduct. 
H.     Fill  (not  retained).    Shoulder  at  curb. 

I.     Fill   (not  retained).     Shoulder  at  property  line. 
The  unit  costs  upon  which  the  table  in  Fig.  1  was 
based  are  as  of  Nov.  1,  1915. 

Cement,   $2   per  barrel. 

Sand,  $1.30  per  yard. 

Stone,  $1.50  per  yard. 

Hydrated  lime,   $13  per  ton. 

Water,   y-  ct.  per  cu.   yd.  concrete. 

Steel,   $52  per  ton,  f.   o.   b.  Portland. 

Mixing,  wheeling  and  placing  concrete,  85  ct.  per  yd.  concrete. 
Forms: 

Foi   floor  slabs,  \  ct.  per  sq.  ft.  surface  contact. 

For  floor  beams,  4^  ct.  per  sq.  ft.  surface  contact. 

For  columns.  4  ct.  per  sq.  ft.  surface  contact. 

For  cantilever  walls,  3  ct.  per  sq.  ft.  surface  contact. 

For  counterforted  walls,  5  ct.  per  sq.  ft.  surface  contact. 
Labor : 

Fabricating  and  placing  steel  for  slabs,  $10  per  ton. 

Fabricating  and  placing  steel  for  columns,  $17  per  ton. 

Piles  in  place,  16  ct.  per  foot. 

Cost  of  removing  old  trestle  was  figured  at  $1.2a'  per  running 
foot  of  street. 

Fill  between  concrete  walls,  19  ct.  per  cu.  ft. 

Fill  with  natural  slope  onto  property,  25  ct.  per  cu.   ft. 

Relative  to  fill,  it  should  be  noted  that  for  a  hy- 
draulic sand  fill  a  submerged  pipeline  1,700  ft.  in 
length  across  the  channel  would  have  been  necessary, 
and,  in  all,  over  5,000  ft.  of  pipeline.  As  the  com- 
pany that  placed   the  original  fill  had  a  submerged 
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pipeline  in  place,  competition  for  this  type  of  fill  was 
eliminated  on  account  of  the  prohibitive  cost  of  a 
new  submerged  pipeline  to  a  competing  company; 
in  addition,  material  on  hillsides  was  of  a  nature  that 
could  not  be  readily  sluiced,  so  that  form  of  fill  could 
not  be  considered. 

Material  prices  were  changed  to  conform  to  prices 
as  of  date  of  which  bids  were  called  for. 

Overhead  costs  were  also  revised  on  final  estimates, 
which  revision  was  occasioned  by  a  more  detailed 
knowledge  of  conditions  to  be  encountered  on  the 
work  and  methods  of  making  payments.  (By  ordi- 
nance no  extras  were  allowed  and  no  estimates  could 
be  paid  during  course  of  construction.)  This  re- 
vision should  properly  be  applied  to  figures  given  in 
Fig.  1. 

Comparison   of   0\i.-rheads: 

November,   1915    •  ■  ■  •  • IS.0% 

Of  labor 
March,    191C:  and  material. 

Temporary     sheds.     run'.vay3,     supervision,     timekeeper, 
watchmen,  phone  service,  liability  insurance  and  bond      6.S% 

Contingencies  and  traffic  delays 3.0% 

Interest    during    construction 4.4% 

PVofit    11.4% 

Total     25.6% 

Percentage   used   2.5.0% 

The  unit  costs  for  creosoted  wood  viaduct  on  which 
estimated  costs  were  based  are: 

Removal  of  old  street,  Sl.JO  per  foot  of  street. 

Excavation  of  backfill,  49  ct.  per  cu.  yd. 

Sills,   S-lb.   treatment,   $40  per  M.   ft.   in  place. 

Fonts.  G-lb.  treatment.  $3.-  per  M.  ft.  in  place 

.Stringers  (not  treated),   $22  per  M.  ft.  in  place. 

Creosoted  decking,  S-lb.  treatment,  $40  per  M.  ft.  in  place. 

Bracing    (not    Heated),    $24   per  M.    ft.    in   place. 

Pavement,  $4.,'i0  per  lin.  ft.  of  street. 

Curb.  SO  ct.  per  lin.  ft.  of  street. 

Sidewalk  stringers,  $21  per  M.   ft.  in  place. 

Sidewalk  decking,  $21  per  M.  ft.  in  place. 

Concrete  surface  on  walk.  9  ct.   per  sq.   ft. 

The  cost  of  creosoting  timbers  as  included  in  above 
units  was  figured  at  $15  per  M  ft.  B.  M.  for  6-lb. 
treatment  and  $18  per  M  ft.  B.  M.  on  an  8-lb.  treat- 
ment, which  figures  it  was  estimated  would  be  suffi- 
cient to  cover  delivery. 

Overhead  costs  and  profit  were  included  in  this 
case  in  the  units. 

The  probable  comparative  accuracy  of  the  estimates 
is  substantiated  by  the  bids  on  the  types  of  improve- 
ment for  which  bids  were  called.  Comparisons  are  as 
follows : 

Street  improvement  involving  Type  "D"  construc- 
tion (concrete  walks  each  side  of  street,  tie  rods 
across  street) :     , 

Ninth  St.: 

Bid    $13,206 

Estimate     14,523 

Concrete  viaduct   (wood  walks,   bitulithic   surface   on  roadway 
and  electric  lights  in  sulJway). 
Duane  St.:  (50  ft.  wide,  550  ft.  long); 

Per  foot 
of  street. 

Bid    '. $24,399,  or  $44.36 

Estimates    (per   preceding   units) 44.30 

Estimate  for   typical  50-ft.   street,   by   committee 4S.1S 

Final  estimate  conforming  to  committee  report.   $26, MO,  or     4S.22 
Wooden  Viaduct:     (Concrete  walks  on  wood   base,    bitulithic  sur- 
face on  roadways,  no  electric  lights  in  subway). 
Duane  St.;    (50  ft.  wide,  500  ft.  long). 

Per  .'oot 
of  street. 

Bid     $12,364,  or  $24.72 

Estimate     13,400,  or     26. .SO 

Utility  Statistics. 

The  utility  problem  was  studied  from  several  angles 
in  order  to  estimate  the  true  utility  value  to  be  cred- 
ited to  the  viaduct.  From  a  utility  standpoint,  some 
advantages  of  a  viaduct  system  may  be  summed  up 
as  follows: 

1.  Accessible  for  additions  to  underground  con- 
struction. 

2.  Accessible  for  removal  and  repairs  of  under- 
ground construction. 

(Water    mains,    water    connections,    sewers,    sewer 
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connections,  gas  mains,  gas  connections,  electrical 
conduits,  electrical  service  connections,  telephone 
conduit  and  service,  fire  alarm  conduit,  etc.) 

3.  Permits  removal  of  unsightly  overhead  construc- 
tion. 

4.  Opportunity  for  a  central  heating  plant  at  a  min- 
imum cost. 

(In  some  localities  saving  to  utility  companies  b.v 
the  construction  of  subway  systems  is  capitalized  and 
a  rental  charged  for  the  use  of  such  a  subway  on  this 
basis.) 

In  a  final  comparison,  many  other  factors  than  first 
cost  and  utility  should  be  considered,  as  depreciation, 
cost  of  laying  pavement,  interference  with  traffic  and 
business,  percentage  of  money  spent  on  improvement 
that  would  remain  in  the  community,  sanitation,  dan- 
ger from  explosions  in  subways,  danger  of  breaking 
existing  sewer  due  to  settlement  in  case  of  a  new 
fill,  etc.  All  of  the  above  matters  were  analyzed  in 
studying  the  Astoria  case.  Another  consideration  in 
the  case  of  Astoria  was  the  fact  that  the  whole  down- 
town water  system  should  properly  have  been  re- 
moved and  replaced  at  this  time  in  the  case  of  filled 
streets. 

Numerous  legal  questions,  petitions  and  other  out- 
side influences  were  encountered  in  the  Astoria  prob- 
lems which  had  considerable  bearing  on  the  methods 
of   improvement  actually   adopted. 

The  wooden  viaduct  with  a  bitulithic  surface  and 
concrete  walks  on  a  wood  base  was  constructed  in 
the  main  business  district  of  Astoria,  Ore.  The  life 
of  this  structure,  depending  largely  on  a  watertight 
street  surface  and  on  proper  ventilation,  will  be  the 
factors  that  will  determine  its  comparative  value. 
Several  types  of  walls  were  constructed  where  the 
bearing  -was  suitable  for  walls  supported  on  the 
ground,  and  other  streets  were  improved  by  a  very 
special  type  of  construction  which  embodied  the  fill 
retained  by  wooden  walls,  and  removable  reinforced 
concrete   slab   walks   supported  on  piers. 


Gas  to  be  Sold  in  New  York  City  on  Heat  Unit 
Basis. — The  Public  Service  Commission  for  the  First 
District  of  New  York  has  adopted  an  order  providing  a 
method  by  which  the  gas  companies  operating  in 
New  York  City  may  change  the  standard  under  which 
gas  is  furnished  from  the  22  candle  power  basis,  es- 
tablished by  law,  to  a  heat  unit  basis.  The  order, 
however,  is  tentative  and  will  remain  in  eflFect  only 
for  the  duration  of  the  European  war  and  for  three 
months  thereafter,  at  which  time  the  companies- will 
revert  to  the  candle  power  basis  unless  the  Commis- 
sion in  the  meantime  determines  upon  the  heat  unit 
standard  as  a  permanent  fixture.  The  order  was  is- 
sued at  this  time  in  order  that  the  gas  companies 
might  begain  providing  the  United  States  Government 
with  certain  gas  residuals,  notably  toluol  and  other 
chemicals  greatly  needed  in  the  manufacture  of  mu- 
nitions. The  order  of  the  Commission  provides  that 
all  companies  operating  under  the  order,  in  the  event 
that  the  number  of  heat  units  per  cubic  foot  of  gas 
furnished  to  consumers  is  less  than  the  average  num- 
ber now  furnished  under  the  candlepo  ver  standard, 
must  make  a  corresponding  discount  in  consumers' 
bills. 


The  plans  adopted  by  the  Federal  Shipping  Board 
contemplate  a  merchant  marine  fleet  of  approximatel.y 
2,100  ships  by  the  close  of  the  year  1919.  These  ships 
will  have  a  dead  weight  tonnage  of  14,500,000. 
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$9,000,000     Worth    of    Building 

Contracts  in   1916  by 

One  Contractor 

The  industrial  city  illustrated  below  represents  the 
work  of  one  construction  company  in  the  year  1916. 
The  70  buildings  shown  are  located  in  various  sections 
of  the  country  from  Cape  Cod  to  Cleveland  and  from 
South  Jersey  north.  The  cut  is  reproduced  from  a 
drawing  made  to  scale  from  actual  photographs  or 
from  blue  prints. 

All  the  buildings  are  of  reinforced  concrete  con- 
struction and  are  used  for  industrial  purposes  only. 
The  approximate  total  value  of  the  buildings  is 
$9,000,000  and  the  number  of  different  industries 
housed  is  67.  The  structures  cover  an  area  of  4,376,- 
000  sq.  ft.  In  their  construction  360,000  bbl.  of  ce- 
ment and  25,000,000  lb.  of  reinforcing  steel  were 
used.  The  lumber  used  in  the  forms  or  falsework 
amounted  to  8,615,000  ft.  B.  M.  The  maximum  number 
of  men  employed  by  the  contractor  at  any  one  time 


struction    Comp 


was  4,190,  and  the  maximum  number  on  any  one 
building  was  450. 

The  average  speed  in  erection  was  4  stories  in  18 
weeks.  The  speed  record  was  made  on  building  No. 
27,  which  is  approximately  500  ft.  by  100  ft.  in  plan, 
8  stories  high,  and  was  built  in  two  sections.  The 
building  including  walls,  windows,  floors  and  roof,  or 
16  stories  (required  by  the  two  sections),  was  com- 
pleted in  80  working  days,  or  one  story  every  5  work- 
ing days.  , 

The  70  buildings  were  erected  by  the  Turner  Con- 
struction Co.,  New  York. 


Granite  Production  in  1916. — The  granite  produced 
in  the  United  States  in  1916  was  valued  at  $17,418,582, 
22  per  cent  of  the  value  of  the  entire  stone  output,  ac- 
cording to  reports  of  producers  to  G.  F.  Loughlin,  of 
the  U.  S.  Geological  Survey,  Department  of  the  In- 
terior. This  was  a  decrease  of  nearly  3  per  cent  com- 
pared with  1915  and  was  the  lowest  recorded  produc- 
tion since  1914.  Of  the  total  value,  $4,305,517  was 
for  rough  and  dressed  building  stone. 


Notes  on  Prepared  Paints  for 
Metal  Surfaces* 

In  designing  protective  coatings  for  metal  the  mod- 
ern practice  has  been  to  apply  the  results  available 
from,  researches  into  the  cause  of  corrosion.  These 
results  have  shown  that  materials  of  a  basic  nature 
or  substances  which  contain  soluble  chromates  pre- 
vent the  rusting  of  iron.  For  this  reason  pigments  of 
a  basic  nature  or  pigments  containing  the  chromatic 
radical  have  come  into  wide  use  in  the  manufacture 
of  protective  paints.  That  they  are  the  best  pigments 
for  this  purpose  has  been  proved  not  only  in  practice, 
but  also  in  the  Atlantic  City  tests,  which  were  made 
upon  a  series  of  300  large  steel  panels,  using  nearly 
one  hundred  different  pigment  paints.  Applying  the 
results  of  these  tests  to  the  practical  manufacture  of 
protective  coatings,  the  writer  will  discuss  the  use  of 
the  various  pigments  under  separate  headings,  taking 
up  the  composition  of  the  most  widely  used  colors  for 
metal  painting,  namely,  red,  gray,  black  and  green. 

Most  of  the  paints  outlined 

herewith  are  suitable  for 
the  painting  of  structural 
steel,  bridges,  steel  railroad 
cars  and  equipment,  orna- 
mental iron  work,  poles, 
posts  and  for  general  work 
on  metal  surfaces. 

Red  Lead  Priming  Paints. 
Red  lead  may  be  purchased 
in  the  mai'ket  ground  to  a 
heavy  paste  in  linseed  oil, 
ready  to  thin  with  oil  for 
use.  Such  red  lead  is  usual- 
ly produced  by  the  thorough 
oxidation  or  overburning  of 
lead,  the  dry  pigment  gen- 
erally containing  approxi- 
mately 98  per  cent  of  lead 
tetroxide.  This  pigment, 
being  practically  free  from 
litharge,  does  not  react  to 
any  great  extent  upon  the 
linseed  oil  in  which  it  is 
ground,  and  therefore  re- 
mains soft  for  a  consid- 
erable period  of  time.  It  is  well  understood,  how- 
ever, that  one  of  the  most  valuable  properties  of  red 
lead  is  its  ability  to  set  up  to  a  hard,  elastic  film  that 
shuts  out  moisture  and  gases  which  are  apt  to  cause 
corrosion.  This  cementing  action  is  due  to  the  pres- 
ence of  unburnt  litharge,  a  pigment  which  rapidly 
reacts  upon  linseed  oil  to  form  a  lead  linoleate  com- 
pound. It  will  readily  be  seen,  therefore,  that  red  lead 
free  from  litharge  has  no  cementing  action  and  should 
not  be  considered  more  protective  than  iron  oxide  or 
any  other  similar  neutral  pigment.  It  is  thoroughly 
essential  that  red  lead  should  be  highly  basic  and 
should  contain  a  considerable  percentage  of  litharge, 
if  the  red  lead  is  to  protect  iron  from  corrosion.  Al- 
though such  red  lead  is  often  purchased  in  the  di-y 
form  and  mixed  with  linseed  oil  on  the  job  at  the  time 
of  application,  it  is  a  growing  custom  to  use  prepared 
red-lead  paints  made  from  finely  divided  red  lead 
ground  to  a  fluid  condition  in  linseed  oil.  Such  paints 
remain  in  excellent  condition  for  a  long  period  of  time. 
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*r'rom  a  napcr  by  Henry  A.  Gardner,  Assistant  Director  of 
Institute  of  Industrial  Research,  Inc.,  in  the  August  Bulletin  of 
the   Aflnliatect   Engineering  Societies  of  Minnesota. 
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They  have  a  high  protective  value  and  are  well  suited 
for  general  purposes.  They  are  used  extensively  for 
priming  steel  vessels.  The  Navy  Department  has 
found  that  inert  pigments,  such  as  silica  and  asbestine, 
give  good  results  when  used  in  ready  mixed  red-lead 
paints,  their  action  being  to  prevent  settling  of  the 
red  lead  upon  storage. 

A  specification  which  may  be  used  by  the  grinder 
when  purchasing  dry  red  lead  for  the  manufacture  of 
prepared  paints  is  given  below: 

1.  The  dry  pigment  to  be  of  the  best  quality,  free  from  all 
adulterants,  and  to  contain  not  less  than  S5  per  cent  nor  more 
than  90  pei-  cent  PbsOi.  the  remainder  being  practically  pure 
lead  monoxide   (FbO). 

2.  It  shiill  contain  not  moie  than  0.1  per  cent  of  metallic  lead 
nor  more  than  0.1  per  cent  of  alkali  figured  as  NasO. 

3.  It  shall  be  of  such  fineness  that  not  more  than  0.5  per 
cent  remains  after  washing  with  water  through  a  No.  21  silli 
bolting-cloth  sieve. 

Note. — If  desired,  the  gram  weight  of  the  red  lead  may  be 
specified.  E-\tremely  light,  fluffy  red  lead  should  run  from  10  to 
13  grams  per  cubic  inch.  Medium  red  lead  will  run  from  13  to 
16  grams  per  cubic  inch.  Heavy  rod  lead  will  run  from  17  to  19 
grams  per  cubic  inch. 

Composition  of  Red-Lead  Priming  Paints. — The  cost 
of  red-lead  paints  is  a  subject  of  vital  importance  to 
the  large  user.  Red  lead  may  be  produced  in  different 
physical  states.  Ordinarily  the  grade  that  has  been 
overburned  is  extremely  heavy,  1  cu.  in.  weighing  from 
18  to  20  grams.  For  the  production  of  a  paint  from 
such  red  lead,  according  to  the  formula  used  by  one 
large  consumer,  the  following  quantities  would  be 
required : 

Red   lead    26  lb. 

Linseed    oil    26  gills 

Petroleum    spirits    3  gills 

Drier     3  gills 

This  would  produce  approximately  1 2/5  gal.  of 
paint.  Each  gallon  would  contain  about  20  lb.  of  red 
lead.  A  red  lead  of  a  much  better  protective  value, 
containing  from  10  per  cent  to  12  per  cent  of  free 
litharge  and  produced  in  an  extremely  fine  physical 
state  of  comminution,  so  that  1  cu.  in.  would  not 
weigh  over  12  to  15  grams,  would  produce  a  paint  of 
exactly  the  same  body  on  the  following  formula : 

Red   lead    20  lb. 

Raw  linseed    oil    26  gills 

Turpentiije     3  gills 

Drier     3  giUs 

This  would  produce  approximately  1 1/3  gal.  of 
paint,  each  gallon  of  which  would  contain  about  15 
lb.  of  red  lead.  Red  lead  of  still  lighter  gram  weight 
could  be  used,  so  that  a  still  smaller  quantity  of  pig- 
ment would  be  required  per  gallon  of  oil.  The  dur- 
ability of  such  paints  should  compare  favorably  with 
those  containing  very  high  percentages  of  red  lead  of 
high  gram  weight.  Pigments  of  an  e.xtremely  light 
nature,  such  as  lampblack,  grind  in  very  large 
quantities  of  oil,  yet  their  films  are  more  elastic  and 
durable  than  many  paints  which  are  composed  of  much 
pigment  and  little  oil. 

Red  Paints. — Iron  oxide  has  always  been  one  of  the 
most  widely  used  pigments  for  the  manufacture  of 
protective  coatings.  Oxides  that  are  free  from  acid 
or  soluble  substances  give  the  best  results.  There  are 
many  grades,  from  the  brilliant  Indian  reds,  contain- 
ing 98  per  cent,  down  to  the  natural  mined  brown 
shale  oxides,  containing  from  30  per  cent  to  60  per 
cent  of  ferric  oxide,  the  balance  being  silica,  clay,  etc. 
Venetian  reds,  consisting  of  about  equal  parts  of 
ferric  oxide  and  calcium  sulphate,  are  also  quite  wide- 
ly used.  It  is  customary  to  add  to  iron  oxides  from 
10  per  cent  to  20  per  cent  of  zinc  chromate,  zinc  oxide, 
or  red  lead,  in  order  to  make  them  rust  inhibitive. 
Such  red  paints  are  widely  used  for  application  to  tin 
roofs,  metal  siding,  and  general  structural  steel.    Red 
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paints  made  from  basic  lead  chromate  (American  ver- 
milion), the  pigment  which  gave  the  best  results  in 
the  Atlantic  City  tests,  would  doubtless  be  the  most 
economical  in  the  long  run,  but 'the  high  cost  will 
probably  prevent  their  use  to  any  great  extent.  The 
use  of  a  percentage  of  basic  chromate  of  lead  in  iron- 
oxide  paints  is  to  be  approved. 

Gray  Paints. — Mixtures  of  white  lead  (basic  car- 
bonate or  basic  sulphate)  and  zinc  oxide,  tinted  gray 
with  carbon  black,  are  widely  used  for  this  purpose 
and  give  excellent  results  in  every  climate. 

A  valuable  rust-inhibitive  coating  for  general  prim- 
ing or  finishing  work  may  be  prepared  from  sublimed 
blue  lead.  The  use  of  two  parts  of  blue  lead  and  one 
part  of  linseed  oil  containing  about  5  per  cent  of  tur- 
pentine drier  makes  a  paint  of  the  right  consistency. 
This  may  be  purchased  in  prepared  form.  When  this 
paint  is  used  for  top-coat  work  in  marine  exposures 
(battleship  gray),  the  addition  of  1  per  cent  of  carbon 
black  to  the  blue  lead  aids  in  the  maintenance  of  the 
color.  The  rust-inhibitive  value  of  this  pigment  is 
due  to  the  high  percentage  of  lead  oxide  (litharge). 
This  pigment,  however,  is  so  combined  with  the  lead 
sulphate  that  it  does  not  have  any  great  hardening 
action  upon  the  linseed  oil  and  stays  in  an  excellent 
condition  in  paste  form  for  a  long  period  of  time  with- 
out hardening.  When  purchased  ground  to  a  paste  in 
10  parts  of  oil,  there  should  be  added  approximately  5 
gal.  of  linseed  oil  and  one  pint  of  drier  for  use.  A 
specification  for  the  purchase  of  blue  lead  for  use  in 
metallic  paints  is  given  herewith: 

Minimum.  Maximum. 

Lead   sulphate 44%  52% 

Lead   oxide    33%  40% 

Lead   sulphide    0.5% 

Lead  sulphite   3.5% 

Zinc  oxide    3.0% 

Black  Paints. — Black  paints  are  often  preferred  for 
the  finishing  coat  on  steel  work,  carbonaceous  paints 
being  unsuited  for  application  direct  to  the  metal  on 
account  of  their  rust-stimulative  action.  Carbon  pig- 
ments, such  as  gas  carbon  black,  oil  black,  artificial 
and  natural  graphite  (flake  and  amorphous)  are  us- 
ually the  base  pigments  used  in  black  paints.  Silica 
and  other  earth  pigments  may  be  combined  with  the 
carbon.  The  slow-drying  nature  of  such  paints  is 
lessened  by  the  addition  of  litharge.  The  use  of  boiled 
linseed  oil  as  a  vehicle  is  advisable. 

Magnetic  black  oxide  of  iron  (precipitated)  forms 
an  e.xcellent  black  protective  paint  when  ground  in 
linseed  oil.  The  slightly  basic  character  of  this  pig- 
ment accounts  for  its  inhibitive  value.  The  natural 
variety  of  black  magnetic  oxide  of  iron  is  also  suitable 
for  this  purpose,  but  should  be  tested  for  freedom 
from  soluble  acid  impurities  before  use.  Willow  char- 
coal is  not  made  in  commercial  quantity;  its  use,  there- 
fore, will  be  restricted.  Its  inhibitive  value  depends 
upon  the  basic  nature  of  the  impurities  present. 

Green  Paints. — Mixtures  of  zinc  chromate  and  Prus- 
sian blue  in  oil  are  highly  inhibitive  and  have  proved 
satisfactory  in  long  service  tests.  Chrome  yellow 
tinted  with  black  oxide  of  iron  to  an  olive  shade  is  very 
permanent  and  protective.  Chrome  green  made  from 
lead  chromate  and  Prussian  blue  is  generally  used 
when  precipitated  upon  a  barytes  base. 

Marine  Paints. — Steel  vessels  traversing  bodies  of 
salt  water  are  rapidly  acted  upon,  corrosion  and  in- 
crustation by  marine  growths  being  shown.  The  bot- 
toms of  boats  are  usually  protected  by  applying  over 
the  red-lead  priming  paint  a  coat  of  anti-corrosive 
paint  containing  iron  and  zinc  pigments  ground  in  a 
shellac-alcohol  vehicle.    There  is  subsequently  applied 
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a  coat  of  anti-fouling  paint,  usually  made  of  iron 
oxide,  zinc  o.xide  and  metallic  zinc  powder,  admixed 
with  a  poisonous  compound  such  as  red  oxide  of  mer- 
cury or  bichloride  of  mercury.  The  upper  portions  of 
vessels  are  usually  painted  with  a  linseed-oil  paint, 
the  standard  slate  color  of  the  Navy  Department  con- 
sisting of  a  mi.xture  of  white  lead  and  zinc  oxide 
tinted  gray  and  ground  in  linseed  oil.  This  is,  of 
course,  applied  over  a  prime  coating  of  prepared  red 
lead.  The  boot  topping  or  water-line  paint  is  gen- 
erally of  a  bituminous  nature,  the  exposure  at  this 
point  being  extremely  severe.  Chinese  wood-oil  var- 
nish improves  the  bitumen  base. 

Bituminous  Paints. — Bituminous  coatings  have  a 
wide  use  for  special  purposes.  They  are  often  made 
by  blending  refined  coal-tar  pitch,  asphalt,  linseed  oil 
and  oleo-resinous  varnishes,  subsequently  thinning 
down  the  turpentine  or  light  mineral  thinner.  During 
recent  years  a  heavy-bodied  blown  petroleum  residual 
pitch  has  come  into  wide  use  in  the  manufacture  of 
waterproofing  bituminous  paints.  This  pitch  usually 
has  a  high  melting  point  (150°  C).  It  is  soluble  in 
turpentine,  benzol,  and  some  mineral  distillates.  When 
in  solution  it  may  be  admixed  with  oils  for  the  pro- 
duction of  rapid-drying  elastic  paints.  The  pitch  has 
high  resistance  to  acids  and  is  not  acted  upon  by  the 
sun  to  the  extent  that  coal  tar  is. 

When  coal  tar  is  used  in  the  manufacture  of  paints, 
it  should  be  refined.  Ammonia  and  water  in  the  tar 
are  the  active  causes  of  saponification  or  non-adher- 
ence to  metal.  The  presence  of  large  quantities  of 
free  carbon  or  naphthalene  in  the  tar  will  cause  dis- 
integration and  checking.  For  refining,  the  crude  tar 
may  be  heated  to  approximately  115°  C,  holding  it  at 
that  temperature  until  the  water  is  evaporated.  From 
5  per  cent  to  10  per  cent  of  lime  may  be  stirred  in,  in 
order  to  neutralize  the  free  acids.  The  tar  may  then 
be  thinned  with  benzol  or  mineral  spirits.  If  a  rapid- 
drying  paint  is  desired,  a  quantity  of  resinous  varnish 
may  be  added.  The  addition  of  Chinese  wood  oil  and 
asbestine  in  a  coal-tar  paint  made  along  the  above 
lines  will  aid  in  producing  a  film  that  is  not  so  subject 
to  alligatoring  when  exposed  to  the  sun. 

Bituminous  paints  of  the  above  composition  are 
used  as  coatings  upon  pipe-lines  in  acid  factories, 
tanks  containing  dilute  acids,  metal  submerged  in 
water,  and  for  other  similar  work.  For  such  purposes 
it  is  generally  advisable  to  first  coat  the  metal  with  a 
thoroughly  hard  drying  prime  coating  made  by  adding 
2  lb.  of  litharge  to  a  prepared  red  lead  or  other  rust- 
inhibitive  paint.  The  bituminous  paint  may  then  be 
applied.  Steel  mine  timbers  subjected  to  sulphur  wa- 
ter and  gas,  reservoir  tanks  containing  water,  sub- 
merged lock  gates,  tunnel  metal,  etc.,  may  be  efficiently 
preserved  from  corrosion  by  this  method. 

Painting  Galvanized  Iron. — Roofing,  siding,  railing, 
drain  pipes,  cornice  work,  etc.,  constructed  of  gal- 
vanized iron  require  painting  if  they  are  to  be  kept  in 
a  good  state  of  preservation.  Paints  are  apt  to  peel 
from  galvanized  iron  on  account  of  the  smooth, 
spangled  surface.  This  condition,  however,  is  obviated 
by  first  treating  the  metal  before  painting  with  a  solu- 
tion of  copper  salts.  Such  a  solution  may  be  prepared 
by  dissolving  4  oz.  of  copper  acetate,  copper  chloride, 
or  copper  sulphate,  in  one  gallon  of  water.  By  brush- 
ing on  this  solution  the  galvanized  iron  is  roughened, 
a  thin  deposit  of  copper  being  plated  out  over  the  sur- 
face. After  an  hour  or  so,  the  surface  may  be  lightly 
brushed  and  then  painted  with  a  thoroughly  inhibitive 
oil  paint.    Firmly  adhering  films  are  thus  produced. t 


Painting  Tinned  Surfaces. — Tin  plate,  such  as  is 
used  for  roofing  and  siding,  will  rapidly  corrode  un- 
less protected  by  paint.  The  pin-holes  present  in  the 
tin  coating  on  the  steel  base  metal  act  as  pockets  to 
catch  moisture,  which  causes  rust  spots  and  pit-holes. 
Before  applying  paint  to  the  sheets  it  is  advisable  to 
rub  the  surface  of  the  tin  with  a  cotton  rag  saturated 
with  benzine  or  turpentine.  This  will  remove  the 
palm  oil  that  is  present  upon  the  surface  and  allow  the 
paint  to  firmly  adhere.  Iron-oxide  paints  containing 
an  inhibitive  pigment  are  widely  used  for  preserving 
tin.  The  use  of  15  per  cent  to  20  per  cent  of  zinc 
oxide,  red  lead,  or  zinc  chromate  with  a  neutral  bright 
iron  oxide  produces  an  excellent  paint.  The  partial 
use  of  boiled  linseed  oil  or  kauri  gum  mixing  varnish 
will  add  to  the  gloss  and  water  resistance.  Such  paints 
are  also  suited  for  use  on  metal  shingles  and  pressed- 
steel  siding — plain  black,  galvanized  or  tinned.  For 
dipping  purposes,  turpentine  or  high  boiling  point 
mineral  spirits  should  be  used  for  thinning.  Cheap 
driers  containing  a  low  boiling  point  benzine  should 
be  avoided. 


More  Efficient  Use  of  Available  Equipment 
by  Railroads 

According  to  an  announcement  on  Oct.  22  of  the 
Railroads'  War  Board  on  Oct.  1st  the  excess  of  un- 
filled orders  from  shippers  for  freight  cars  over  and 
above  the  idle  cars  at  different  points  numbered 
70,380.  This  compares  with  the  excess  of  unfilled  car 
requisitions  amounting  to  77,682  on  July  1st;  33,776 
Aug.  1st;  34,605  on  Sept.  1st.  The  actual  number 
of  unfilled  car  orders  on  Oct.  1st  was  almost  identical 
with  the  number  on  Oct.  1st  last  year,  the  figures 
being  94,572  for  Oct.  1,  1917,  and  94,854  for  Sept.  30, 
1916.  The  difference  in  the  excess  of  unfilled  orders 
over  idle  cars  for  the  two  years  is  accounted  for  by 
the  fact  that  on  Sept.  30,  1916,  as  many  as  34,157 
cars  were  idle,  whereas  on  Oct.  1,  1917,  only  24,192 
were  reported  as  idle,  thus  indicating  a  more  efficient 
use  of  the  available  equipment  on  the  part  of  the 
railroads.  Returns  to  the  Railroads'  War  Board 
show  that  the  actual  number  of  cars  and  locomotives 
now  in  service  on  American  railroads  is  only  slightly 
in  excess  of  the  number  at  this  time  last  year.  The 
War  Board  on  Oct.  10th  had  been  in  existence  exactly 
six  months  and  the  returns  just  at  hand  show  that 
during  that  period  the  railroads  of  the  country  have 
rendered  upwards  of  15  per  cent  more  service  than 
they  did  during  the  same  period  last  year  with  prac- 
tically the  same  plant. 
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The  contract  for  the  construction  of  an  ordnance 
depot  and  arsenal  which  is  to  be  established  in  France 
in  connection  with  the  overseas  base  for  American 
forces  has  been  awarded  to  a  Boston  firm.  Payment 
for  the  work  will  be  on  the  basis  of  cost  plus  10  per 
cent.  It  is  expected  that  the  total  expenditure  will 
be  well  over  $100,000,000.  Lathes  and  other  special 
machinery  for  the  arsenal  are  already  being  delivered 
and  the  cost  of  this  equipment  alone  is  estimated  at 
$6,000,000.  The  workmen  necessary  for  constructing 
the  depot  will  be  transported  from  the  United  States 
and  it  is  stated  that  not  less  than  10,000  have  been 
listed  for  the  purpose.  All  raw  materials  and  ma- 
chinery will  be  sent  from  America. 

■-"The  writer  has  recently  experimented  with  solutions  of 
metallic  salts  of  arsenic,  antimony,  tin.  lead,  mercury,  cobalt, 
iron  and  manganese  to  replace  copper  solutions  for  the  above 
purpose.  Arsenic  and  tin  were  most  satisfactory,  but  not  as 
economical  cv  desirable  as  copper. 


October  24,   19i; 
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Labor  Saving  Car  Plant  for  Con- 
creting Station    Platforms   at 
Pennsylvania  Terminal, 
Chicago 

An  ingenious  method  of  furnishing  material  to  a 
mixer  with  a  minimum  of  labor  when  working  in 
cramped  quarters,  is  being  employed  in  constructing 
the  concrete  track  platforms  in  the  basement  of  the 
partially  completed  freight  station  and  warehouse  of 
the  Pennsylvania  Lines  at  Chicago. 

Down  in  the  semi-darkness  of  the  basement  of  this 
large  new  freight  terminal  there  are  eighteen  concrete 
platforms  to  be  poured,  each  850  ft.  long  and  varying 
in  width  from  8  ft.  to  38  ft.  The  platforms  have  5-in. 
concrete  floor  slabs  supported  on  continuous  concrete 
beams  12  in.  thick  resting  on  piers  placed  every  20  ft. 
The  total  yardage  of  concrete  in  same  will  approxi- 
mate 10,000  cu.  yds.,  distributed  over  an  area  of  about 
400,000  sq.  ft. 

The  nineteen  permanent  stub  tracks  for  the  terminal 
are  laid  and  over  these  tracks  the  contractor  is  oper- 
ating a  self-contained  electric-driven  mixing  plant  oc- 
cupying two  gondolas  and  a  box-car.  A  %  yd.  Lake- 
wood  mixer,  30  H.P.  motor  and  a  small  belt  hoist  are 
mounted  on  the  forward  end  of  the  first  gondola  with 
an  inclined  track  running  from  the  rear  end  of  the 
car  up  to  the  charging  hopper  of  the  mixer.  The  sec- 
ond gondola  supports  a  timber  bin  structure  divided 
into  compartments  for  40  yds.  of  sand  and  80  yds.  of 
stone.     This  bin  structure  is  hopper-shaped  and  has 
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six  bottom  gates.  A  track  is  laid  on  the  floor  of  the 
car  and  a  flexible  rail  connection  between  the  open 
ends  of  the  gondolas  links  the  track  on  the  bin-car 
with  the  incline  track  leading  up  to  the  charging  hop- 
per of  the  mixer.  The  40-cu.  ft.  skip-car  which  runs 
on  this  track  is  divided  by  swinging  gates  into  com- 
partments for  the  correct  proportions  of  sand,  stone 
and  cement  for  one  charge  of  the  mixer.  This  car  is 
pulled  forward  and  hauled  up  the  incline  by  a  ^  2-in. 
cable  running  on  the  drum  of  a  small  hoist  driven  by 
belt  from  the  shaft  of  the  motor  and  empties  its  con- 
tents into  the  mixer  hopper  by  the  self-tilting  arrange- 
ment shown  in  the  lower  of  the  three  accompanying 
illustrations.     When  the  hoist  drum  is   released  the 
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skip  runs  back  by  gravity  to  its  first  loading  point 
beneath  the  stone  bin. 

Behind  the  bin-car  is  a  box-car  providing  storage 
for  cement  which  is  handled  in  bags,  and  wheeled  from 
the  box-car  along  a  runway  to  a  two-bag  hopper  built 
on  the  front  of  the  bin-car,  shown  in  the  upper  of  the 
three  accompanying  views.  Here  a  second  laborer 
empties  the  cement  into  the  hopper  and  later  by  rais- 
ing a  sliding  gate  spills  the  contents  of  the  hopper 
into  the  skip  car  when  it  comes  through  with  its  load 
of  sand  and  stone. 

The  men  required  to  operate  this  plant  are  as  fol- 
lows: One  man  in  cement  car,  one  man  at  cement 
hopper,  one  man  operating  sand  and  stone  bin  gates, 
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one  engineer  operating  mixer  and  hoist  which  are 
driven  from  the  one  motor,  and  one  man  on  front  of 
mixer  car  who  takes  care  of  the  water  measuring  tank 
and  the  mixer  discharge  chute. 

With  this  arrangement,  the  mixer  can  be  operated 
to  its  full  capacity  of  45  yds.  an  hour  for  about  three 
hours.  Then  a  switcher  removes  the  emptied  bin-car 
and  brings  in  -another  bin-car  filled  with  sand  and 
stone,  and  after  a  few  minutes'  interruption  the  mixer 
starts  up  again  on  another  three  hours'  run. 

Current  for  the  motor  is  obtained  by  running  a  wire 
across  the  middle  of  the  building  from  the  main  feed 
wire,  which  also  furnishes  current  for  operating  two 
tower  mixing  plants,  four  large  elevator  hoists,  etc., 
At  four  equi-distant  points  on  this  cross-wire  are  slip 
connections  for  attaching  a  450-ft.  cable  which  carries 
fhe  power  to  the  motor  on  the  mi.xer  car. 

The  special  equipment  for  this  mixing  plant  was 
built  by  French  &  Allen  for  the  O.  W.  Rosenthal  Com- 
pany, who  have  the  contract  for  placing  the  concrete 
of  entire  building,  a  total  of  60,000  cu.  yds.  A.  S. 
Armstrong  is  the  superintendent  in  charge  of  the 
work.  The  George  A.  Fuller  Company  has  the  general 
contract  for  the  superstructure. 


Misuse  of  the  Word  Engineer* 

It  is  indeed  unfortunate  that  in  America  most  peo- 
ple associate  the  word  "engineer"  with  a  man  in  greasy 
overalls  who  runs  an  engine  or  a  boiler.  The  man 
who  operates  the  boilers  of  an  apar  ment  building  is 
called  an  engineer,  although,  as  we  shall  see  in  a  mo- 
ment, the  name  is  entirely  a  misnomer  when  applied 
to  him.  He  may  be  a  good  mechanic,  but  he  is  not  an 
engineer.  The.  gray-haired  man  who  drives  the  loco- 
motive of  a  transcontinental  limited,  and  who  holds 
the  lives  of  hundreds  of  human  beings  in  his  care, 
belongs  to  the  very  highest  type  of  mechanic ;  but  he 
is  not  an  engineer — except  in  the  United  States  and 
Canada. 

Much  has  been  said  and  written  on  the  importance 
of  educating  the  public  to  the  true  meaning  of  the 
word  "engineer."  In  this  case,  as  in  many  others,  it 
is  of  far  greater  importance  that  engineers  them- 
selves be  educated  to  the  true  meaning.  So  long  as 
engineers  use  the  word  improperly,  how  can  they  ex- 
pect to  educate  the  public  to  the  true  usage?  So  long 
as  engineering  magazines  and  te.xt-books  use  the  word 
improperly,  how  can  we  expect  engineers  to  become 
entirely  clear  in  its  use?  It  seems  obvious  that  the 
place  to  begin  is  not  with  the  public,  but  with  engi- 
neering literature — at  the  other  end  of  the  line. 

Now  let  us  investigate  the  w^rds  commonly  used  in 
other  countries  and  other  languages  to  designate  the 
man  who  runs  an  engine  and  the  man  who  is  a  civil 
engineer  (using  the  latter  in  the  broad  sense).  To 
begin  with,  other  languages  do  not  contain  a  word 
directly  equivalent  to  the  English  word  "engine."  The 
word  commonly  used  in  analogous  to  the  English  word 
"machine"  and  the  different  types  of  engines  are  des- 
ignated by  proper  modifiers.  Thus,  in  French  and 
German,  respectively,  a  steam-engine  is  a  "machine  a 
vapeur"  and  a  "dampf-maschine."  In  consequence, 
the  man  who  runs  a  stationary  engine  is  designated  by 
a  word  analogous  to  the  English  word  "mechanic"  or 
"mechanician."  Other  languages  contain  a  word  simi- 
lar to  the  word  "locomotive"  to  designate  that  par- 
ticular type  of  engine.     The  word  used  to  designate 

•From  an  article  by  Capt.  N.  M.  Stineman.  Engineer,  Officers' 
Reserve  Corps,  in  -the  October  Bulletin  of  the  Affiliated  Engi- 
neering Societies  of  Minnesota. 


the  man  who  runs  a  locomotive  might,  in  most  cases, 
be  translated  into  English  as  "locomotive  conductor." 
The  following  table  shows,  in  columns  2,  3  and  4,  the 
words  commonly  used  in  various  languages  to  desig- 
nate the  men  who  in  this  country  are  known  as  civil 
engineers,  locomotive  engineers  and  stationary  engi- 
neers, respectively: 

Civil  Locomotive  Stationary 

Engineer.  Engineer.  Engineer. 

Flench Ingfinieur  Conducteur  de    Mficanicien 

machine 
Spanish    Ingeriero  Conductor  de       Maquinista 

locomotora 
Italian    Ingegnere  Conduttore  di     Macchinista 

locomotiva 
German   Ingenieur  Lokomotiv-  Maschinist 

fiihrer 
Swedish    Ingenibr  Lol<omotiv-  Maskinist 

fbrare 
Danish    Ingenior  Lokomotiv-  Maskinist 

fdrer 
English(England)Engineer  Engine   driver     Engineman 

English  (U.S.  and 
Canada Ent;ineer  Engineer  Engineer 

Fi-om  this  table  it  is  evident  that  in  countries  other 
than  the  United  States  and  Canada  there  can  be  no 
misunderstanding  as  to  the  meaning  of  the  word  "en- 
gineer." Only  in  the  English-speaking  portion  of 
North  America  is  its  use  in  a  state  of  confusion.  We 
have  succeeded  partially,  though  not  entirely,  in  ac- 
quiring the  habit  of  using  the  correct  words  in  con- 
nection with  the  driving  and  care  of  automobiles. 
Why  not  correct  ourselves  in  other  respects?  Noth- 
ing could  be  more  logical  than  the  forms  used  in  Eng- 
land, where  the  civil  engineer  is  known  by  his  true 
name,  the  man  who  runs  a  locomotive  is  known  as  an 
"engine  driver"  and  the  man  who  runs  or  takes  care 
of  a  stationary  engine  is  known  as  an  "engineman." 


Personals 


J.  T.  Gear,  formerly  city  engineer  of  Kelso.  Wash.,  has  been 
appointed  city  engineer  of  Puyallup.  Wash. 

Frank  S.  Peck  and  F.  'W.  Schreiber  have  been  appointed 
engineers  of  the  South  Dakota  Highway  Commission. 

-V.  .1.  Russell  and  J.  C.  Parker  have  opened  offices  in  the 
Xaticnal  Realty  Bldg..  Tacoma.  Wash.,  and  \vill  engage  in  a 
consulting  civil  engineering  and  architectural   practice. 

.Vrthur  F.  Shuey  has  been  appointed  superintendent  of  the 
Tampa  Water  Works  Co.  of  Tampa.  Fla.  Mr.  Shuev  formerly 
was  assistant  engineer  of  the  Florida  State  Board  of  Health. 

Prof.  Almon  H.  Fuller,  for  the  past  19  years  a  member  of 
the  faculty  of  the  University  of  Washington,  has  accepted  a 
position  as  dean  of  the  department  of  civil  engineering  at 
Lafayette  College. 

The  following  officers.  Engineer  Officers'  Reserve  Corps, 
have  been  assigned  to  the  35th  Engineers  (Railway)  at  Camp 
Grant.  Rockford.  Ill:  Capts.  E.  Burton  Hocker.  Reuben  L. 
Rockwell.  Joseph  W.  Moore.  Frederick  N.  Hatch.  John  G. 
HoUman  and  Wilkie  Woodard:  First  Lieuts.  Louis  T.  M.  Ral- 
ston and  Fred  C.  McFarland:  Second  Lieut.  Ephriam  B.  Wil- 
kinson. 

A  special  mission  representing  the  Imperial  Japanese  Rail- 
ways arrived  in  New  York  on  Oct.  21.  The  object  of  the  visit 
is  to  investigate  the  present  transportation  conditions  in  the 
United  States,  to  inspect  the  principal  industrial  plants  and 
mines,  to  study  the  loading  and  unloading  of  cotton  and  to 
observe  the  methods  employed  in  the  large  railroad  sorting 
yards.  There  is  also  the  object  of  further  developing  the  good 
feeling  between  the  two  countries  that  has  been  growing  so 
rapidly  since  the  United  States  entered  the  war.  The  Im- 
perial .Japanese  Railways  are  represented  on  the  mission  by 
Jiro  Nakamura,  assistant  traffic  manager;  Akio  Kasama,  sec- 
retary and  purchasing  agent;  Dr.  Yasujiro  Shima,  director  of 
machinery  and  rolling  stock,  and  S.  Kobayashi,  resident  engi- 
neer at  New  York. 
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Industrial  Notes 

Henry  M.  Sperry  has  been  appointed  publicity  representa- 
tive for  the  Union  Switch  &  Siernal  Co..  General  Railway 
Sif^nal  Co..  Federal  Sig:nal  Co.  and  Hall  Switch  &  Signal  Co., 
with  headquarters  at  120  Broadway.  New  York  City. 

T.  B.  Sheitzer,  formerly  city  nianag:er  of  Portsmouth,  Va., 
has  been  appointed  to  the  new  created  position  of  eastern 
district  engineer  of  the  Hydrated  Lime  Bureau.  Pittsburgh, 
with  headquarters  in  New  York  City.  C.  W.  Freitag,  for- 
merly construction  superintendent  for  S.  R.  Smythe  Co..  Pitts- 
burgh, has  been  appointed  western  district  engineer  of  the 
Hvdrated  Lime  Bureau,  with  headquarters  at  the  home  office 
in   Pittsburgh. 

The  Westinghouse  Electric  &  Manufacturing  Co.  has  an- 
nounced another  increase  in  ^-ages  for  shop  employes  aggre- 
gating another  $2,000,000  a  year.  All  employes  observing  shop 
hours,  except  munition  workers,  receive  an  additional  bonus 
of  10  per  cent  if  they  are  on  a  salary  or  time-rate  basis,  and 
of  7  per  cent  if  they  are  on  a  piece,  premium  or  task  basis.  The 
increases  gi  anted  since  the  outbreak  of  the  European  war 
amount  to  about  60  per  cent  of  the  former  average  compen- 
sation. 
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A  Great  Opportunity  for  Appraisal 
Engineers 

The  war  revenue  law  just  enacted  by  Congress  re- 
quires the  determination  of  "the  actual  cash  value 
of  tangible  property"  of  all  corporations  and  part- 
nerships. If  carried  out  literally  this  means  a  gi-  * 
gantic  amount  of  appraisal  work  in  the  next  few 
months.  At  any  rate  it  presents  to  valuation  engi- 
neers an  opportunity  that  the  most  wide  awake  will 
be  quick  to  seize. 

Ford,  Bacon  and  Davis  have  issued  a  circular  an- 
nouncement that  will  interest  many  of  our  readers. 
It  follows  in  full: 

in  view  of  the  present  war  tax  emergency.  Ford.  Bacon  & 
Davis  desire  to  state  that  they  are  prepared  to  devote  special 
attention  to  the  appraisal  of  industrial  and  other  property,  es- 
pecially for  the  purpose  of  war  tax  returns. 

The  War  Profits  Tax  section  of  the  War  Revenue  Law  just 
enacted  by  Congress  requires  the  determination  of  Invested  Capi- 
tal in  fixing  not  only  the  exemption  of  earnings  but  also  the 
annual  tax. 

Invested  Capital  under  the  definition  of  the  act,  includes  "the 
actual  cash  value  of  .angible  property  paid  in  other  than  cash, 
for  stock  or  shares  in  such  corporation  or  partnership  at  the 
time  of  such  payment  (but  in  case  such  tan.gible  property  was 
paid  in  prior  to  .January  1,  1914,  the  actual  cash  value  of  such 
property  as  of  January  1.  1914,  but  in  no  case  to  exceed  the  par 
value  of  the  original  stock  or  shares  specifically  issued  therefor.") 
Substantially  al!  corporations  and  partnerships  having  prop- 
erty which  was  acquired  prior  to  January  1.  1914,  must  ascertain 
the  cash  value  of  such  property  as  of  January  1,  1914,  for  the 
purpose  of  making  tax  returns  under  the  Act. 

Also,  corporations  and  partnerships  having  property  which 
was  acquired  subsequent  to  January  1,  1914,  must  ascertain  the 
cash  value  of  such  property  as  of  the  date  when  so  acquired. 

In  each  case  it  will  be  necessary  to  satisfy  the  Commissioner 
of  Internal  Revenue  as  to  the  accuracy  of  the  valuations  thus 
made. 

An  accurate  and  properly  arranged  appraisal  is  also  invaluable 
for: 

1.  Calculation  of  Costs  of  Products, 

2.  Support  of  Balance  Sheets  and  Income  Statements, 

3.  Insurance  and  Tax  Schedules  and  Adjustments. 

4.  Determination  and   Apportionment   of   Annual   Depreciation, 

5.  Issuance  and  Sale   of  Securities. 

This  firm,  with  its  long  practical  experience  and  its  trained 
staff  of  engineers,  accountants  and  other  technical  experts,  is 
peculiarly  well  qualified  to  make  appraisals  of  industrial  and 
other  plants  and  properties  for  use  in  meeting  the  provisions  of 
War  Tax  legislation  and  for  the  usual  commercial   purposes. 

It  will  be  noted  that  the  revenue  law  specifies  the 
"tangible  property"  only.  Apparently  the  intent  was 
to  exclude  "good  will  value,"  "going  concern  value" 
and  the  like.  Yet  the  value  of  all  "tangible  property" 
in  the  form  of  manufacturing  plants  exists  solely  be- 
cause of  prospective  income  therefrom.  In  other 
words,  capitalized  prospective  net  earnings  consti- 
tute the  "cash  value"  of  such  plants;  but  to  capitalize 
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net  earnings  introduces  the  so-called  "intangible 
values,"  such  as  "good  will"  and  "going  concern" — 
a  pretty  mixup! 

This  war  revenue  law  is  perhaps  even  more  ob- 
scure in  its  phraseology  than  the  various  state  public 
utility  laws.  For  ten  years  engineers,  commissions 
and  courts  have  been  struggling  with  the  problem  of 
ascertaining  what  basic  reasoning  should  be  applied 
in  determining  a  fair  "value  for  ratemaking  pur- 
poses." Nov^'  they  have  a  similar  problem  before 
them:  What  is  "the  actual  cash  value  of  tangible 
property"  for  taxation  purposes? 

To  complicate  the  matter,  the  revenue  law  says  that 
this  "value"  must  "in  no  case  exceed  the  par  value 
of  the  original  stock  or  shares  specifically  issued 
therefor."  But  suppose  most  of  the  plant  was  built 
with  money  derived  from  earnings  that  might  have 
been  distributed  as  dividends.  What  then?  Is  the 
company  that  did  not  issue  stock  against  such  a  plant 
to  be  penalized,  whereas  a  company  that  did  issue 
stock,  even  to  excess,  is  rewarded?  We  do  not  think 
so.  It  seems  to  us  inevitable  either  that  this  law  must 
be  amended  as  to  its  letter  or  that  the  courts  will 
read  into  it  a  spirit  of  reason  and  justice.  In  either 
case,  it  will  become  necessary  to  ascertain  the  actual 
investment  in  all  plants  as  of  Jan.  1,  1914,  as  well 
as  the  investment  cost  of  building  up  the  business 
<:f  the  plants — the  development  ccst.  Th's  will  n- 
volve  no  slight  amount  of  engineering  and  account- 
ing work. 

We  suggest  to  every  appraisal  engineer  the  advisa- 
bility either  of  hiring  skilled  accountants  or  of  form- 
ing a  partnership  agreement  with  an  accounting  firm. 
Then  in  soliciting  valuation  work,  an  engineer  should 
emphasize  the  fact  that  co-ordination  of  engineering 
and  accounting  is  essential  to  effective  presentation 
of  evidence  to  a  court,  and  is  highly  desirable  even 
where  no  court  action  is  probable. 


Co-Operative  Purchasing  Bureaus 
for  Small  Cities 

A  year  ago  J.  F.  Byxbee,  Jr.,  city  engineer  of  Palo 
Alto,  Calif.,  addressed  the  League  of  California  Mu- 
nicipalities, urging  the  co-operative  buying  of  ma- 
terials and  supplies  through  a  central  purchasing 
bureau.  He  pointed  out  that  small  municipalities 
usually  pay  higher  prices  than  private  corporations, 
and  that  this  results  partly  from  the  present  practice 
cf  calling  for  competitive  sealed  bids. 

At  a  recent  convention  of  the  League  a  resolution 
was   adopted   providing  for  an   investigation   of  this 
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matter  by  a  committee.  It  is  not  unlikely,  therefore, 
that  California  cities  may  soon  unite  in  such  a  way  as 
to  enable  them  to  apply  the  methods  used  by  large  cor- 
porations in  buying  materials  and  supplies. 

A  central  purchasing  bureau,  if  ably  managed, 
would  undoubtedly  secure  lower  prices  than  would 
be  obtained  by  the  municipalities  acting  separately. 
Standard  specifications  alone  cause  price  reductions 
where  materials  are  purchased  in  large  quantities. 
Then,  if  each  municipality  were  required  to  provide 
a  budget  of  its  requirements,  several  months  in  ad- 
vance, advantage  could  be  taken  of  market  conditions. 

Mr.  Byxbee  has  "started  something"  in  California, 
which  may  eventually  become  common  practice  among 
groups  of  cities  throughout  America. 


The  Serious  Decrease  in  Civil  Engi- 
neering Students  and  the 
Remedy 

For  five  years  the  number  of  engineering  students 
has  been  decreasing.  This  was  a  serious  enough 
matter  before  our  entry  into  the  world  war.  It  has 
now  become  exceedingly  grave. 

In  another  article  in  this  issue,  we  give  statistics  of 
enrollment  of  civil  engineering  students  in  60  engi- 
neering colleges.  In  40  of  these  colleges  the  enrollment 
in  1916  totaled  3,553  civil  engineering  students,  as 
against  2,733  in  1917.  Hence  there  has  been  a  loss  of 
nearly  24  per  cent. 

Fortunately  the  entering  classes  show  a  gain  of  2 
per  cent,  which  is  doubtless  attributable  to  the  ad- 
vertising campaign  described  in  our  issue  of  Oct.  3. 
But  there  should  have  been  a  much  larger  gain,  in 
freshman  classes,  and  there  would  have  been  had  the 
advertising  been  begun  earlier  in  the  year. 

Since  the  opening  of  the  college  year  the  advertis- 
ing of  engineering  colleges  has  again  become  con- 
spicuous by  its  meagerness.  At  the  very  time  that 
parents  and  young  men  should  be  reading  advertise- 
ments intended  to  enlarge  the  engineering  enrollment 
in  the  fall  of  1918,  the  colleges  are  making  practically 
no  public  appeal  for  patronage.  Of  course,  this  ab- 
sence of  business  foresight  is  attributable  mainly  to 
the  fact  that  colleges  are  not  run  for  the  profit  of 
stockholders  or  owners.  Nevertheless,  colleges  are 
presumably  run  for  the  profit  of  the  public,  and  we 
tan  scarcely  believe  that  an  awakened  public  would 
not  sanction  the  adoption  of  business  methods  if  pub- 
lic profit  were  thereby  increased. 

Does  it  not  now  devolve  upon  the  deans  and  pro- 
fessors of  engineering  colleges  to  prove  what  we  en- 
gineers have  been  claiming  for  many  years,  namely 
that  engineering  is  the  one  learned  profession  in 
which  scholarship  is  wedded  to  business  economics? 
If  so,  let  those  of  us  who  now  are,  or  ever  have  been, 
members  of  college  faculties,  bend  our  efforts  to  se- 
curing more  publicity  for  engineering  college  courses. 
Let  us  seek  to  secure  advertising  appropriations  with 
which  to  bring  before  the  American  public  the  worth- 
whileness  of  technical  education.  Let  us  have  a  voice 
in  the  writing  of  the  advertisements,  so  that,  without 
exaggeration  or  braggadocio,  we  may  present  the  mer- 
its of  technical  training  such  as  our  engineering  col- 
leges give. 

Advertisements  of  this  sort  should  make  it  clear 
that  engineering  is  the  application  of  science  to  the 
problems  of  economic  production.  Once  this  concep- 
tion of  engineering  becomes  prevalent,  there  will  fol- 
low a  vast  influx  of  students  whose  object  is  not  to 


become  "consulting  engineers"  but  managers  of  manu- 
facturing, mining  and  other  industrial  plants.  Young 
men  who  now  aim  at  large  managerial  positions  are 
apt  to  take  courses  leading  to  an  A.  B.,  if  they  take 
any  college  course  at  all;  for  they  have  been  told  that 
an  "arts  course"  broadens  the  intellect,  whereas  an 
engineering  course  narrows  the  mind.  Let  the  ad- 
vertisements of  engineering  colleges  show  that  an 
adequate  engineering  course  gives  true  breadth  of  out- 
look, opening  fascinating  vistas  of  the  past  achieve- 
ments of  science  and  still  more  fascinating  prospects 
of  future  accomplishment.  Let  the  advei'tisements 
name  and  describe  the  engineers  who  are  industrial 
leaders — such  men  as  Grace,  the  young  engineer  and 
president  of  the  Bethlehem  Steel  Co. 

By  this  sort  of  advertising  it  will  be  possible  not 
only  greatly  to  swell  the  numbers  in  our  engineering 
colleges,  but  to  create  in  the  public  mind  a  true  con- 
( eption  of  the  importance  and  broadness  of  the  en- 
gineering profession. 


Price  Changes  for  Structural  Steel 

and  Reinforcing  Bars,  During 

Past  Year 

The  following  tabulation  prepared  from  reports 
from  engineering  departments  of  various  cities  shows 
the  prevailing  local  prices  on  August  1,  1916,  and  on 
August  1,  1917,  for  structural  steel  and  reinforcing 
bars: 

PREVAILING     LOCAL     PRICES     FOR     .STRUCTURAL     STEEL. 
AND  REINF'ORCING  BARS. 


City. 


191C. 

Ann   Arbor,    ^lich 

.\tlanta,    Ga $105.00 

Bridgeport,    Conn 90.00 

Columbus,    0 95.00 

Boise.    Idaho    

Eug'ene,    Ore ' 

Fitchburg,    Mass 

Great   Falls,    Mont •=1.38 

Independence.    Mo 68.00 

Kalamazoo,    Mich *3.25 

Logan,   Utah    70.00 

TjOs   Angeles.    Cal 

Minneapolis,    Minn.'    *3.20 

Mobile,     Ala 

New  Orleans,  La 58.20 

Oak  Park,   111 

Ogden,    LTtah    

Portland.   Me 80.00 

Portland,    Ore 90.00 

Provo,    Utah    *4.02 

Quincy,    111 •'5.00 

Red  Wing,   Minn 

Rochester,    N.    T "4.00 

St.   .loseph,   Mo 68.40 

St.    Louis,    Mo T5.00 

St.    Paul,  Minn ♦5.00 

Salt  Lake  City,  Utah   110.00 

San    Antonio,    Tex 120.00 

Seattle,    Wash 75.00 

Spokane,    M'ash 120.00 

Syracuse,    N.    Y 70.00 

Tacoma,    Wash 70.00 

Vicksburg,    Miss    

W'ichita,    Kan 


Structural   steel, 
f.  o.  b.  city, 
per  ton. 
Aug.  1,         Aug.  1, 


Reinforcing    steel, 

f.  o.  b.  city, 

per  ton. 

Aug.  1,      Aug.  1, 


$140.00 

46.00 

*  7^:s;s 

121.00 

90.00 

115.00 

170.00 

55.00 

80.00 

•4.80 

•6.55 

53.00 

113.00 

*-'6.28 

•=4.38 

•=7.58 

100.00 

60.00 

80.00 

•5.15 

•3.25 

•4.65 

120.00 

90.00 

12.5.00 

•3.58 

•6.10 

•5.10 

•3.20 

•4.60 

•4.00 

•5.50 

96.20 

74.00 

100.00 

»S0.00 

'90.00 

•4.00 

•6.00 

120.00 

52.00 

100.00 

130.00 

76.00 

113.00 

•6.30 

•3.52 

•5.57 

•5.10 

•4.75 

•4.75 
•4.00 

•5.34 

•3.50 

•4.80 

96.40 

68.80 

117.00 

135.00 

25.00- 

125.00 

•8.00 

150.00 

80.00 

120.00 

128.00 

110.00 

116.00- 

300.00 

75.00 

300.00 

165.00 

05.00 

95.00 

105.00 

70.00 

105.00 

100.00 

70.00 

•5.00 

•6.00 

•9.00 

80.00 

120.00 

•Per  100  lb. 

•Advanced  about  3  ct.  per  lb. 
3.6   ct.    per   lb.    on   Aug.    1.    1916 
'$80  to  $94.     ^$90  to  $100. 
$11.50  per  100  lb.  on  Aug, 


=Less  than  carload  lots. 
7.1    ct.    per   lb.    on   Aug. 
Plates  $5.20  per  100  lb,  on  Aug. 
1917. 


Price  of  Copper  Fixed  at  231/2  Ct.— President  Wil- 
son has  approved  the  agreement  between  the  War  In- 
dustries Board  and  the  producers,  fixing  the  price 
of  copper  at  23^  2  ct.  per  pound.  Copper  has  been 
selling  at  26  ct.  to  27I2  ct.  per  pound  in  the  open  mar- 
ket. The  price  fixed  by  the  president  is  subject  to 
revision  after  4  months. 
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Present  Prices  of  Water  Service 
Materials 

Some  interesting  figures  on  the  prices  of  water 
service  materials  were  given  by  Mr.  C.  R.  Knowles, 
Superintendent  Water  Service  of  the  Illinois  Central 
R.  R.,  in  a  paper  presented  Oct.  16  at  the  annual  con- 
vention of  the  American  Railway  Bridge  and  Build- 
ing Association.  The  following  notes  are  taken  from 
Mr.   Knowles'   paper: 

From  the  present  outlook  some  relief  appears  in 
sight  as  regards  prices  of  certain  materials,  the  price 
of  cast  iron  pipe  having  dropped  $15  per  ton  on  Oct. 
1,  although  with  the  Government  and  foreign  re- 
quirements in  addition  to  the  greatly  increased  do- 
mestic demands  for  materials  of  all  kinds  we  cannot 
hope  for  much  relief  in  the  near  future  as  far  as  de- 
liveries are  concerned. 

While  all  materials  have  advanced  in  cost  the  in- 
crease has  been  more  marked  in  iron  and  steel  prod- 
ucts, and  articles  manufactured  from  brass,  copper 
and  other  semi-precious  metals.  Boilers  have  doubled 
in  cost  with  indefinite  dates  of  delivery  on  those  built 
to  specifications.  Steel  tanks  of  all  kinds  have  ad- 
vanced from  100  to  150  per  cent,  tank  hoops  from  75 
to  100  per  cent,  steam  pumps  from  40  to  50  per  cent, 
and  oil  engines  30  to  40  per  cent  with  deliveries  from 
3  to  9  months,  in  the  future,  depending  on  the  size  of 
the  units. 

All  stocks  of  steel  and  wrought  iron  pipe  have  been 
depleted  and  it  is  diflicult  even  to  get  a  quotation  on 
a  definite  date  of  delivery  on  large  pipe.  The  fol- 
lowing table  indicates  the  approximate  prices  pre- 
vailing on  steel  and  genuine  wrought  iron  pipe  from 
1914  to   date: 


January.    IBll 

July,    1914    

Januar.v.  1915 
July.    1915    . . .  . 
January,  1916 
July,   1916    .... 
January.   1917 
July.    1917    .... 
Oct.  1,  1917 


Steel  pipe. 

Per  ton. 

. .     .$  4S.0O 

42.00 

43.00 

44.00 

. .    ,     47.00 

68.00 

82.40 

114.40 

114.40 


G.  W.  I.  pipe. 
Per  ton. 
$  55.00 
54.50 


103.00 
143.00 
143.00 


The  above  prices  apply  to  base  sizes,  that  is,  % 
in.  to  3  in.  B.  W.  steel  and  ''4  in.  to  1'2  in.  B.  W.  gen- 
uine wrought  iron.  It  is  impossible  to  prepare  a  table 
on  larger  pipe  that  would  indicate  even  an  approxi- 
mate price,  as  all  quotations  have  been  based  on  de- 
livery and  stocks  on  hand.  To  illustrate  the  scarcity 
of  large  wrought  iron  pipe,  one  of  the  largest  oil  well 
supply  houses  in  the  country  has  pulled  well  casing 
from  the  ground  that  has  been  in  use  for  19  vears 
and  paid  the  owner  of  the  wells  20  per  cent  more  for 
the  pipe  than  was  paid  for  it  when  new,  19  years 
ago.  The  pipe  was  then  sold  for  double  its  original 
cost. 

Delivery  on  cast  iron  pipe  has  been  fairly  good, 
although  the  price  has  more  than  trebled  in  two  years. 
We  are  laying  cast  iron  pipe  today  that  ranges  in  cost 
from  $18.50  to  $60  per  ton,  while  the  lead  used  in 
making  the  joints  has  advanced  from  $3.75  to  $11  in 
two  years. 

The  following  table  shows  the  range  in  cost  of 
cast  iron  pipe  from  1912  to  date: 

Per  net  ton. 


Year    1912 Approximately 

Year    1913 .Approximately 

Year    1914 .Approximately 

Year    1915 Approximately 

Year    1916 Approximately 

January.    1917 Approximately 

July,    1917 Approximately         4H.3U 

Oct.   1,   1917 Approximately         60.00 

In  justice  to  the  cast  iron  pipe  manufacturers   it 
may  be  said  that  the  increase  in  the  cost  of  pipe  has 


$20.65 
20.35 
18.60 
18.60 
25.00 
32.75 


been  more  gradual  than  the  advances  in  iron.  This 
may  be  explained  by  the  fact  that  the  cast  iron  pipe 
manufacturers  had  some  iron  bought  ahead  and  only 
c.dvanced  prices  as  the  old  contracts  expired. 

There  are  many  reasons  for  the  difficulty  in  secur- 
ing material  and  delay  to  shipments,  the  chief  reason 
being  on  account  of  the  enormous  amount  of  material 
going  to  foreign  fields  and  taking  precedence  over 
orders  for  materials  for  domestic  use.  The  shortage 
of  labor  and  labor  troubles  have  also  had  a  serious 
effect  on  the  material  situation.  The  labor  situation 
is  daily  growing  more  critical  and  will  continue  to 
affect  the  delivery  of  material.  We  cannot  look  for 
much  if  any  improvement  for  the  duration  of  the  war. 


Trend  of  Structural  Steel  Prices  for  Last 
15  Years 

The  accompanying  diagram  shows  the  average 
prices  of  structural  steel  at  Pittsburgh  for  the  last 
15  years.     The  figures  for  structural  shapes  are  base 
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for  beams  and  channels  3  in.  to  15  in.,  and  angles  3  in. 
to  6  in.  Prices  for  plates  is  f.  o.  b.  Pittsburgh,  and  is 
for  tank  quality.  Prices  for  bars  is  also  Pittsburgh 
base  and  is  for  rounds  and  squares  %-in.  to  3/16  in. 


Immigration  This  Year  Lowest  Since  Start  of  War. 

— During  the  fiscal  year  ending  June  30,  1917,  a  total 
of  362,877  aliens  entered  this  country.  The  immigra- 
tion in  1916  was  366,748  and  in  1915  it  was  432,244. 
In  the  fiscal  year  which  ended  June  30,  1914,  the  immi- 
gration was  1,403,081. 


Increased  Tonnage  Carried  by  Railroads. — In  July, 
1916,  railroads  having  220,000  miles  of  track,  or  ap- 
proximately 85  per  cent  of  the  entire  trackage  of  the 
United  States,  gave  service  equivalent  to  carrying 
27,809,430,998  tons  of  freight  1  mile,  while  this  year 
they  carried  33,434,368,526  tons  1  mile,  an  increase  of 
exactly  20.2  per  cent.  The  number  of  freight  locomo- 
tives in  service  in  July  last  year  was  29,888,  while  this 
year  the  number  was  30,277,  an  increase  of  only  1.3 
per   cent. 
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The  Effect  of  the  War  on  Enrollment  in  Civil  Engineering  Depart- 
ments of  American  Colleges 


A  marked  decrease  in  enrollment  for  the  present 
year  in  the  civil  engineering  departments  of  American 
colleges  and  universities  is  indicated  by  statistics  col- 
lected by  Engineering  and  Contracting.  While  the 
general  college  enrollment  throughout  the  country  is 
from  15  per  cent  to  20  per  cent  below  normal,  the 
percentage  of  decrease  in  number  of  engineering  stu- 
dents apparently  is  somewhat  greater  than  these  fig- 
ures. In  order  to  obtain  definite  information  on  the 
latter  point  a  questionnaire  was  sent  to  all  colleges 
having  courses  in  civil  engineering.  The  results  of 
this  inquiry  are  summarized  in  Tables  I  and  II. 

It  will  be  noted  from  Table  I  that  the  entering 
classes  in  1917  in  many  institutions  were  not  very 
much  smaller  than  those  in  the  previous  year.  In  the 
upper  classes,  however,  the  decrease  in  enrollment  is 
very  evident.  This  is  shown  quite  clearly  in  the  fol- 
lowing table  which  has  been  compiled  from  the  re- 
turns from  40  different  colleges: 


Increase  or 
1916.  1917.  Decrease. 

Entering  Clas.s    f 1.021  1,047  +23 

Sophomore    Class    , S31  694  —140 

Junior    Class    Sr>2  ooO  — 322 

.Senior   Class    S43  482  — 3S1 

It  will  be  seen  from  the  above  figures  that  while  the 
number  of  new  students  in  1917  was  2  per  cent  greater 
than  in  1916,  there  was  a  decrease  of  19  per  cent  in 
.sophomores,  38  per  cent  in  juniors  and  45  per  cent 
in  seniors.  In  other  words,  while  these  40  civil  engi- 
neering departments  gained  23  students,  they  lost  820. 

In  some  colleges  there  was  a  very  encouraging  in- 
crease in  the  enrollment  of  the  entering  class.  At 
Pennsylvania  State  College  the  number  of  freshmen 
was  much  larger  for  1917  than  for  some  years  pre- 
ceding. In  fact,  at  this  institution  the  enrollment  of 
freshmen  engineers  in  all  departments  increased  from 
220  last  year  to  281  this  year.  At  the  University  of 
Florida  the  total  enrollment  of  new  men  in  the  engi- 
neering departments  was  the  largest  in  the  history  of 
the  institution. 

On  the  other  hand.  Trinity  College,  Hartford,  Conn., 


TABLE  I— UXDERGRADr.\TE  ENROLL.:\IENT  IX  1916  AND  1917   IX    CIVIL,    ENGIXEERIXG    DEPARTMENTS  OF    60  COLLEGES 

AND   UNIVERSITIES. 
(Several   collegres,    as    indicated  in  the  table,  failed  to  furnish  figures  on  class  enrollment  for  both  1916  and  1917.) 

Entering  Sophomore  Junior  Senior 

— Class. —  — Class. —  — Class. —  — Class. —  Graduates. 

1917.        1916.  1917.  1916.        1917.        1916.  1917.  1916.  1917.  1916. 

Agricultural    and    Mechanical   College   of   Texas 74             31  22  27  10             IS  15  21  15  14 

Alabama    Polytechnic   Institute    •               •  14  10  7               9  6  9  9  11 

Armour  Institute   of  Technology 22             19  16  9  8             14  8  17  17  17 

Brown   L'niversity    '64           MO  7  10  3               3  2  9  S  4 

Case  School  of  Applied  Science *               *  11  19  9             34  15  11  14  12 

Clarkson   College   of   Technology 26             44  29  20  S             18  16  30  10  10 

Cornell  University  85           114  59  96  46             69  38  112  101  74 

Georgia  School  of  Technology 34  ..  32  ..             10  ..  12  10  7 

Iowa  State  College   49             41  16  41  23             38  22  31  27  22 

Kansas  State  Agricultural  College 20             ..  7  ..  5             ..  7  ..  4  6 

Lafayette   College    20             21  16  19  16             18  11  21  21  23 

Lehigh  University   39             29  26  28  25             25  17  19 

Marquette   University    31             . .  12  . .  7  3  .  .  10  10 

Maryland  College  of  Agriculture 5               5  1  6  4               6  5  5  5  2 

Massachusetts  Institute  of  Technology i515         '487  '467  '477  '348         '477  '315  '378  4S  46 

Mississippi   A.   and  M.   College t               t  t  t  11             ..  9  ..  10  =2 

Municipal   University   of  Akron 6             ..  4  ..  6             ..  2 

New    York    University    27             42  13  28  17             32  13  31  ?  ? 

Northwestern    Universitv    »20           "22  *5  *9  n              "5  *3  '3  1  2 

Norwich   University    26             34  17  19  9             13  9  9  7  8 

Ohio  Northern  University   32             ..  14  ..  11             ..  16  ..  39  34 

Ohio  State  University 55             46  42  45  26             46  19  25  25  19 

Pennsylvania  State  College    70             50  34  ..  24             ..  19  ..  32  50 

Polytechnic  Institute  (Brooklyn,  N.  Y.) =23           ^23  '19  •'•12  '8            '16  »7  m  ^34  327 

Purdue  University 66             15  46  42  20             40  23  45  52  54 

Rhode    Island    State    College '47           '56  '31  '40  '22            '29  '11  '21 

Rose    Polytechnic    Institute    12             16  7  3  2             12  10  5  8  7 

State  University  of  Iowa »               *  14  11  9             15  14  14  13  12 

ThrooD   College  of  Technology 12             16  68498335 

Tufts'   College    7               t  t  t  15             17  13  18  15  9 

Tulane  University   19  977573663 

Union   College    59             84  54  67  12             17  9  26  24  9 

University  of  Alabama   11              9  9  6  2              4  0  1  0  0 

University  of  Arkansas    ..  11  ..  4             ..  2  ..  2  8 

University  of  California    43             49  26  26  11             32  13  47  38  33 

University  of  Cincinnati     53             34  20  28  16             51  13  11  11  19 

University  of  Colorado    *               •  15  20  12             17  8  14  13  15 

University  of  Florida    "               *  5  5  3               0  0  2  1  3 

University  of  Idaho     8               5  2  3  1               2  0  3  3  3 

University  of  Illinois    47             57  32  53  45             43  24  43  37  39 

University  of  Kansas   32             20  14  28  8             11  3  24  20  19 

University  of  Kentucky    14            2r.  12  12  12            17  3  13  12  10 

University  of  Maine    Hnh         =147  =100  =72  -65            =66  =55  537  551  S43 

University  of  Michigan    «3S0         »383  51  67  50           105  67  82  75  74 

University  of  Missouri    46             54  24  20  15             17  17  16  19  26 

University  of  Nebraska    '37          '>'26  »10  '"27  "7           ■'■26  "6  '"24  5  6 

University  of  Nevada   2               1  ?  4  ?               3  ?  1  3  1 

University  of  Oklahoma    .  .  5  . .  4  5  . .  2  5 

University  of  Pennsylvania    49             44  28  35  21             36  21  31.  29  32 

University  of  Pittsburgh    15             . .  3  .  .  6             . .  8  . .  6  11 

University  of  South    Carolina 25             25  15  12  12             15  8  5  4  6 

University  of  Tennessee     15  lf>  ..  4             ..  5  ..  1  3 

University  of  Vermont    7             10  10  8  5               G  4  8  7  9 

University  of  Wisconsin     52             51  26  26  11             23  12  28  32  36 

Valparaiso  University   40             40  14  ..  11             ..  10  ..  15  17 

Vanderbilt  University   19             21  10  11  4             16  8  7  7  7 

ViUanova    College    30             IS  24  16  16             12  10  6  3  7 

Washington    Universitv    (St.    Louis) '20              9  5  li)  5             12  9  7  7  9 

West  Virginia  University 24             29  12  10  7               4  4  9  5  3 

Worcester  Polytechnic  Institute 144*         186»  17  26  18             24  16  39  34  18 

"  *A11  freshmen  engineering  students  take  same  course.  fEngineering  course  not  differentiated  in  freshmen  and  sophomore 
years.  'Students  in  all  engineering  courses.  ''Unusual:  graduating  classes  for  6  years  have  ranged  from  8  to  12.  'in  day  work.  The  work 
is  duplicated  for  men  who  attend  in  the  day  and  for  men  who  attend  in  the  evening  and  on  Saturday  afternoon.  The  men  who  are 
taking  their  C,  E.  degree  by  working  Saturday  afternoons  and  evenings  over  a  period  of  about  7  years  number  131.  ^Total  enroll- 
ment largest  in  history  of  the  university.  ^Enrollment  for  entire  College  of  Technology.  "Unclassified.  "Estimated:  election  of 
course  not  definite  in  many  cases,  as  freshmen  work  is  identical  in  all  curioula.  ^I^igures  somewhat  uncertain,  as  students  in  Col- 
lege of  Engineering  are  not  required  to  state  whether  they  are  candidates  for  C.  E.  degree  or  E.  E.  degree  until  the  senior  year. 
^First  semester.    '^First  and  second  semesters. 
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reports  that  its  total  enrollment  is  about  60  per  cent 
of  the  normal  but  that  the  decrease  in  engineer  stu- 
dents is  considerably  greater  than  the  average  for  the 
entire  college.  At  the  Michigan  College  of  Mines  in 
Lpite  of  the  tremendous  demand  for  trained  men  in 
mining  the  registration  this  year  is  only  50  per  cent 
of  the  normal. 

An  attempt  also  has  been  made  to  obtain  informa- 
tion regarding  the  number  of  civil  engineering  alumni 
and  undergraduates  in  the  army  and  navy.  Definite 
data  on  this  subject  could  not  he  secured.  Enough 
information,  however,  was  obtained  to  indicate  that  a 
comparatively  large  percentage  of  the  profession  is 
in  the  service  of  the  country.  Reports  from  24  col- 
leges having  a  total  of  5,746  living  civil  engineering 
graduates  showed  that  930  of  these  men  already  were 
in  the  army  or  navy.  These,  of  course,  are  the  min- 
imum figures.  Throop  College  of  Technology,  with 
10  civil  engineering  graduates,  has  four  of  these  in 
the  army  and  8  undei'graduates  in  military  service. 
The  University  of  Michigan  is  estimated  to  have  300 


of  its  1,058  living  civil  engineering  alumni  in  the  army 
or  navy.  Maryland  College  of  Agriculture  has  24  out 
of  73  graduates  in  the  army. 

Other  colleges  having  a  considerable  proportion  of 
their  alumni  in  military  service  are  Villa  Nova  with 
14  out  of  52  graduates;  University  of  Vermont,  26  out 
of  206;  Ohio  Northern  University,  150  out  of  595,  and 
the  University  of  Colorado,  30  out  of  175. 

On  the  basis  of  the  figures  noted  above  for  the  24 
civil  engineering  departments,  16  per  cent  of  their 
alumni  are  in  the  army  and  navy.  No  other  profes- 
sion probably  has  so  large  a  proportion  of  its  mem- 
bers in  the  service  of  their  country. 

From  1890  to  1912  engineering  schools  grew  very 
rapidly  in  their  enrollment.  About  1912,  however, 
the  number  of  engineering  students  began  to  decrease, 
and  during  the  ne.\t-  four  years  only  two  technical 
schools  made  any  material  gains.  As  a  consequence 
the  great  falling  off  in  number  of  civil  engineering 
undergraduates  due  to  the  war  is  a  doubly  serious 
matter. 


— ALUM.Xl  -VXD  UNDERGRADUATES  OF  ClVl'L  ENGINEERING  UEP.VRT.MENTS  OF  AMERICAN  COI>I.,EGES  IN   .VIII^- 

ITARY  AND  NAVAL.  SERVICES, 
gures   are   approximate   only.     As  indicated  in  the   table  several   colleges  failed  to  furnished  complete   information. j 


Agricultural  and  Mechanical  College  of  Texas 

Alabama   Polytechnic  Institute 

Armour  Institute  of  Technology 

Brown    University    

Case  School  of  Applied  Science 

(_'larkson  College  of  Technology . 

(-"ornell  University   

Georgia   School   of   Technology 

Iowa   State   College 

Kansas  State  Agricultural  College 

Lafayette    College    

Lehigh   University    

Marquette  University   

Maryland  State  College  of  Agriculture 

Massachusetts  Institute  of  Technology 

Mississippi  A.  and  M.  College 

Municipal    University   of   Akron 

New  York  llniversity 

Northwestern    University    

Norwich    University    

Ohio  Northern  University 

Ohio    State    University 

Pennsylvania   State   College 

Polytechnic    Institute    (Brooklyn) 

Purdue    University    

Rose   Polytechnic   Institute 

State    University    of   Iowa 

Thrcop  College  of  Technology 

Tufts'  College 

Tulane    University    

Union    College    

University    of    Alabama 

University  of  Arkansas    

University  of  California     

University  of  Cincinnati    

University  of  Colorado     

TTniversity  of  Florida    

University  of  Idaho    .• 

University  of  Illinois    

University  of  Kansas     

University  of  Kentucky    

University  of  Maine    

University  of  Michigan    

University  of  Missouri     

University  of  Nebraska    

University  of  Nevada     

University  of  Oklahoma    

University  of  Pennsylvania    

University  of  Pittsburgh     

University  of  Southern    California 

T'niversity  of  Tennessee     

T^niversity  of  Vermont    

University  of  Wisconsin    

Valparaiso  University    

Vanderbilt  University    

Villanova   University    

Wa.shinaton   University   (St.   Louis) 

West  Virginia   T'niversity 

Worcester  Polvtechnic  Institute 


No.  living 
graduates. 
C.  E.  De- 
partment. 


420* 
461 
262 


208 
1.250i» 
1,058 

404 


20fi 
590 
140 


No.   C.    E. 

alumni  in 

Army  or 

Navy. 


No.   C.   E. 
alumni  in 
other  gov- 
ernment 
service  ac- 
count  of 
war. 


No.  C.  E. 
undergrad- 
uates  in 
Army  or 
Navy. 


undergrad- 
uates   in 
other  gov- 
ernment 
ser^'ice 
account  of 
war. 


No.   C.  E. 

faculty  in 

Army  or 

Navy. 


No.  C.  E. 
faculty  in 
other  gov- 
ernment 
service 
account  of 
tJie  war. 


♦Apnroximatelv.  ^Known  in  general  wav  that  about  300  alumni,  students  and  undergraduates  are  in  army;  exact  figures  or 
classification  not  obtainable  at  present.  =At  least  this  number:  complete  .statistics  not  yet  available.  'From  class  of  1917:  records 
uncertain  for  earlier  classes.  'Civil  Engineering  Department  started  3  years  ago.  "^Graduates  of  Civil  and  Sanitary  Engineenng  De- 
partment. 'Recent  C  E.  alumni.  ""Considerable  number."  s"Of  those  in  school  last  year."  ^Approximately:  graduates  in  last  8 
Years,  "Graduates  of  entire  School  of  Technology.  iiUndergraduateS  of  entire  university.  i=University  faculty.  ""The  University 
of  Michis^an  has  made  no  attempt  to  separate  its  alumni  in  service  as  between  departments.  There  are  over  34.000  living  alumni. 
Thousands  are  out  of  touch.  Some  3.500  to  4.000  are  known  to  be  in  service.  Probably  when  the  records  are  all  compiled  the  number 
will  be  greatly  increased.  In  the  case  of  fraternities  where  full  data  is  at  hand  it  is  found  that  about  2r,  per  cent  of  the  men  who 
have  been  connected  during  the  last  1.=;  years  are  in  service.  I  would  estimate  that  between  2.'i0  and  300  of  the  civil  engineering 
alumni  are  in  military  service  and  that  100  to  150  more  are  in  oth»r  service."  "Total  engineering  faculty  in  war.  37:  of  civil  engi- 
neering faculty.  1:  in  resen'e  corps,  i.  '^25  r.er  cent  of  facultv.  i«Exact  figures  not  available:  not  less  than  20.  iTJndergraduates  of 
last  year's  sophomore  and  junior  classes.    ^From  class  of  19i7 
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Iron  Ore  Production  and  Iron  and 

Steel  Making  Capacity  in 

the  United  States 

When  the  war  ends  there  will  be  an  extraordinary 
demand  from  this  country  and  from  Europe  for  iron 
and  steel  products  for  manufacturing  and  construc- 
tion purposes.  Can  the  United  States  meet  these  de- 
mands? Information  on  this  question  is  given  in  a 
recently  issued  bulletin  of  the  U.  S.  Geological  Sur- 
vey, from  which  the  matter  following  is  taken. 

Prior  to  the  beginning  of  the  war — indeed,  during 
nearly  the  whole  of  the  year  1914 — the  iron  industry 
was  in  a  state  of  stagnation.  Prices  were  low,  there 
was  but  little  domestic  or  foreign  demand  for  iron 
and  steel,  and  that  little  demand  was  easily  met  by 
the  operation  of  mines  and  furnaces  at  a  greatly  re- 
duced rate  of  output  compared  with  that  of  the  two 
preceding  years.  In  fact,  many  companies  that  could 
have  saved  money  by  closing  their  mines  and  fur- 
naces generously  kept  them  in  operation  to  an  ex- 
tent sufficient  to  support  part  of  the  army  of  people 
dependent  on  the  wages  earned  in  normal  times. 

The  first  effect  of  the  European  war  on  the  finan- 
cial situation  in  the  United  States  was  such  as  still 
further  to  discourage  the  buying  of  iron  and  stee! 
products  and  to  depress  prices.  This  condition,  of 
course,  could  not  well  be  other  than  temporary,  for 
the  interference  of  war  with  industries  in  the  bel- 
ligerent countries  could  not  fail  to  reduce  the  out- 
put of  their  mines  and  furnaces  and  to  enlarge  the 
demand  for  American  iron  and  steel.  It  also  seemed 
probable  that  domestic  markets  on  the  Pacific  Coast, 
formerly  supplied  in  large  part  by  manufacturers  in 
England,  Belgium  and  Germany,  would  become  open 
to  American  manufacturers,  as  well  as  markets  in 
Canada,    South   America,    and    Japan. 

Such  trade  revivals  and  readjustments  require  time 
for  their  accomplishment,  even  under  the  impetus  of 
war  conditions,  and  it  was  not  until  the  middle  of 
1915,  or  until  the  war  had  been  in  progress  nearly  a 
year,  that  the  demand  for  iron  ores  and  metals  had 
become  general  throughout  the  United  States.  Not 
until  June  or  July,  1915,  did  the  price  of  pig  iron  be- 
gin to  rise,  and  although  the  year  closed  with  prices 
$1  to  $1.25  a  ton  higher  than  at  the  beginning  of  the 
year,  the  average  price  at  blast  furnaces  of  all  grades 
of  pig  iron  for  1915  was  21  cents  lower  than  the  aver- 
age for  1914. 

As  soon  as  the  demand  for  iron  ore  became  heavy, 
about  the  middle  of  1915,  it  met  with  a  ready  response, 
particularly  in  the  Lake  Superior  district,  where  there 
was  an  increase  in  shipments  of  nearly  45  per  cent 
in  1915,  compared  with  an  aggregate  increase  of 
about  12  per  cent  in  the  other  iron-mining  districts 
of  the  United  States.  In  1916  the  heavy  movement 
of  ore  began  as  soon  as  navigation  opened,  with  the 
result  that  more  than  66,500,000  gross  tons  was 
shipped  from  the  lake  district,  an  increase  of  nearly 
41  per  cent.  The  total  shipments  for  the  United 
States  in  1916  amounted  to  77,870,553  tons,  an  in- 
crease for  the  whole  country  of  about  40  per  cent. 


The  increase  in  districts  other  than  Lake  Superior 
was  about  41  per  cent.  The  quantities  mined,  which 
are  given  in  Table  I,  differ  slightly  from  the  ship- 
ments just  mentioned. 

At  the  beginning  of  1916  extraordinary  activity 
prevailed  in  the  iron  and  steel  industries,  and  this  ac- 
tivity was  maintained  with  comparatively  little  varia- 
tion throughout  the  year,  as  is  indicated  by  the  record 
of  pig-iron  production  by  months,  which  ranged  be- 
iween  3,000,000  tons  and  slightly  over  3,500,000  tons. 
The  total  production  in  1916  amounted  to  39,434,797 
gross  tons,  compared  with  29,916,213  tons  in  1915,  an 
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Fig.    1 — Domestic    Production   and    Consumption    of   Iron   Ore   and 
Pig    Iron,   1911-1916. 

increase  of  32  per  cent,  following  a  28  per  cent  in- 
crease in  1915.  In  the  first  six  months  of  1917  the 
output  of  coke  and  anthracite  pig  iron  was  19,069,- 
892  gross  tons,  compared  with  19,410,453  tons  in  the 
corresponding  period  of  1916,  a  decrease  of  about  1.7 
per  cent. 

The  general  average  prices  of  iron  ore  per  ton  at 
the  mines  for  the  whole  United  States  were  $1.81  in 
1914,  $1.83  in  1915,  and  $2.34  in  1916.  At  lower  Lake 
ports  ore  prices  were  advanced  70  to  75  cts.  a  ton 
for  the   season   of   1916,   after  having   remained   sta- 


TABLE  I— IRON  ORE  MINED  IN  THE  UNITED  STATES.  1913-1916,  IN  GROSS  TONS. 


1913. 

Lake  Superior    (Minn..   Mich.,   Wis.) 52,377.362 

Birmingham,   Ala 4,602.573 ■ 

Chattanooga  (Tenn.,  Ala.,  Ga.,  N.  C.) 708,619 

Adirondack,    N.    Y 1,214,704 

Northern  New  Jersey  and  southeastern  New  York..  451.453 

Other  districts  (seuth,  central  and  western) 2,625,726 

61,980,437 


Quantity. 

33,540,403 

4,282,556 

432,006 

544.724 

541,084 

2,098.988 

41.439,761 


(22) 


Increase 

' 

or  decrease 

(per  cent). 

Quantity. 

—36 

46,944.254 

—  7 

4,748,929 

—39 

539,024 

—55 

699,213 

-1-20 

644.493 

—20 

1,950,S77 

—33 

55,526,490 

1915 ,     , 1916 , 

Increase 

or  decrease  Increase 

(percent).  Quantity,   (percent). 

-1-40  63,735,088             36 

-m  5,976,018             26 

-1-25  836,623             55 

-1-28  1,077,638            54 

-1-19  683,150               6 

—  7  2,859,155              47 


-1-34 


75,167,672 
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tionary  since  1914.    For  the  sea.son  of  1917  there  was  have   been   an   increase   in   three  years   of   10,500,000 

a  general  advance  of  $1.50  a  ton,  or  2.7  to  2.9  ct.  a  tons,  or  28  per  cent,  in   steel-making  capacity.    The 

unit  of  iron.     The  1916  and  1917  advances  range  be-  increase   in  capacity  for  basic-process   steel   is   esti- 

tween  15  and  21  per  cent  and  25  and  30  per  cent,  re-  mated  to  be  about  one-third  greater  than  that  for  the 

spectively.     Compared    with    these    modest    advances  acid  process.     The  pig-iron  capacity  is  estimated  to 

prices  of  pig  iron  rose  greatly  during  1916.     South-  have   been  more   than   39,000,000  tons   at  the   begin- 

ern  foundry  No.  2,  at  Birmingham,  rose  from  $13  to  ning  of  1916  and  to  have  been  brought  up  to  40,000,- 

$22  a  ton,  an  increase  of  69  per  cent.    Southern  Ohio  000  tons  at  the  beginning  of  1917,  but  the  prospective 

No.  2,  at  Ironton,  seems  to  hold  the  record  with  an  increase  in  blast-furnace  capacity  for  1917  is  larger 

increase  from  $14  to  $30,  or  114  per  cent,   and  the  than  for  several  years  and  will  tend  to  close  the  gap 

higher  grades  of  iron  also  held  up  well,  as  indicated  between  steel-making  and  pig-iron  producing  capacity, 

by  the  rise  in  Bessemer  iron  at  Pittsburgh  from  $20  which  has  been  becoming  too  wide, 
to  $36,  or  80  per  cent.     In  the  middle  of  July,  1917,  The  iron  and  steel  making  capacity  at  the  end  of 

the  price  of  basic  pig  iron  at  western  Pennsylvania  1917  will  be  none  too  large,  judged  by  present  and 

Valley  furnaces  and  of  Bessemer  pig  iron   at   Pitts-  prospective    demands,    and    probably    it    will    not    be 

burgh  reached  $53  and  $57.95  a  ton,  respectively,  the  large   enough   to   fill   orders   promptly.     The   present 

highest  points  since  the  Civil  War.  excessively  high  prices  are  sufficient  indication  that 

The  bulk  of  the  iron  ore  mined  in  the  United  States  the  manufacturing  capacity  of  the  country  is  wholly 

is  produced  in  certain  well-defined  districts,  and  sta-  absorbed.     As  to  still  further  expansion  there  are  of 

tistics  of  production  by  these  units  are  of  interest  in  course   limitations  other  than  the  demands   for  iron 

showing   how   each   has    responded   to   the   quickened  and  steel.     The  capital  involved  in  the  iron  and  steel 

demand  for  ore  since  1914.     The  Lake  Superior  dis-  industry  is  so  vast  that  ordinarily  the  future  has  to 

trict   mined   nearly   85   per  cent   of  the  total   ore   in  be   taken    seriously    into   consideration     in     planning 

1916,  and  the  Birmingham  district  about  7.9  per  cent,  new  plants  or  additions  to  old  plants.    Wartime  de- 

or  less  than  one-tenth  as  much  as  the  Lake  district,  mands  and  prices,  however,  have  upset  many  prece- 

The  Adirondack  is  the  only  other  individual  district  dents  and  have  encouraged  many  increases  in  plant 

that  mined  as  much  as  1.000,000  tons.     The  increase  capacity    irrespective    of    the    consideration    whether 

in  production  in  the  Lake  Superior  district  approxi-  or  not  they  might  prove  excessive  after  the  war.   This 

mated  40  per  cent  in  1915  and  36  per  cent  in  1916;  has  been  particularly  true  of  concerns  whose  profits 

the  other  districts  showed  increases  ranging  between  have  been  great  enough  to  pay  off  back  indebtedness 

6  and  55  per  cent  in  1916.  and  pay   for  the   additions  to  their  plants   within   a 

Comparatively  little  iron  ore  is  imported  into  the  year  or  two  of  their  construction.  In  looking  to  the 
United  States — only  1,000,000  to  2,000,000  tons  a  year,  future  the  optimist  has  seen  a  demand  heavier  than 
or  about  2  to  3  per  cent  of  the  quantity  annually  normal  after  the  war.  Several  factors  in  the  domes- 
mined.  Moreover,  the  exports  of  iron  ore  nearly  off-  tic  situation  have  appeared  encouraging,  such  as  the 
set  the  imports,  so  that  the  United  States  is  at  pres-  needs  of  the  railways,  of  building  construction,  of 
ent  self-sufficient  so  far  as  the  supply  of  iron  ore  is  the  automobile  industry,  and  of  shipbuilding.  Rail- 
concerned,  way  and  general  building  and  improvement  work,  ex- 

A   comparison   between   the   quantities   of  iron   ore  cept  where  urgently  needed,  is  usually  postponed  in 

mined  in  the  United  States  and  those   imported  and  rimes  of  high  prices  and  uncertain  deliveries,  but  the 

exported  in  the  last  five  years  is  given  in  the  follow-  longer   these    industries     are    deprived     of    supplies 

ing  table:  through  such  conditions  the  greater  the  flood  of  or- 

Year.  Mined.  _     impnrts.       Exports,  ders  that  will  be  released  when  conditions  once  more 

iHl::.:;'.::::::'.'.'.'.!::.:".:'.'.::;:    Giimpi       ij^l'^rn       ImIaII  approach  normal.     Foreign  trade  with  south  America 

1914:::::: nssis'Mo       Ifllill         707I41  ^"^^  the   orient   is   expected  to   grow,   and   European 

me'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.".'.'.'.'.'.'.'.'.'.'.    'i-KUu'.(i'-2       CbsiTsi;       ].is3,'952  trade  in  the  necessities  of  peace  is  expected  to  be  aug- 

The  imports  of  manufactured  iron  and  steel    (not  mented  after  the  end  of  the  war.     The  entry  of  the 

including  ferro-alloys)   into  the  United  States  in  the  United  States  into  the  war  and  the  demands  of  this 

last  three  years  have  not  varied  greatly  and  are  small  Government  for  iron  and  steel  of  course  once  more 

in  comparison  with  the  exports,  which  have  increased  raise  the  question  whether  further  increases   in   ca- 

enormously,  as  shown  in  the  following  table:  pacity  will  be  absolutely  needed  on  that  account.    Cer- 

inipnrt«  Exports.  tain  large  steel  makers  have  patriotically  assured  the 

1914 *\Vi2"->-io.s       MljleiTM  United   States   Government   that   they   would   furnish 

i9u'. '.'.'.'.'.]'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'■'.'. '■'■'..'.'.     li'.oss'.snV        362',524'.7iH  the  steel  needed  for  the  war  at  prices  very  much  be- 

A  graphic  comparison  of  domestic  production  and  low  those  current  in  the  spring  of  1917.    This  fact  in 

consumption  of  both  iron  ore  and  pig  iron  is  shown  itself  may  deter  further  increase   in   capacity,   inas- 

m  Fig.  1.  much  as  profits  from  such  work  sufficient  to  pay  for 

At  the  outbreak  of  the  war  the  iron  and  steel  in-  the  increase  within  a  few  months  will  not  be  in  sight, 

dustry  was  operating  on  a  subnormal  scale,  and  con-  It   is  probable  also  that  the  Government  orders  will 

sequently  the  manufacturing  capacity  was  in  excess  be  placed  slowly  and  will  not  exert  a  sudden  strain  on 

of  requirements.     Some  of  this  excess  capacity  was,  manufacturing  capacity. 

of  course,  represented  by  antiquated  equipment  that  There  are  also  certain  factors  which  will  affect  the 

could  not  be  put  into  shape  for  resumption  of  opera-  manufacturing  capacity  just  as  vitally  as  insufficient 

tions  on  short  notice.    The  excess  capacity  at  the  oen-  equipment.     Among  these  are  limitation  of  supplies 

ing  of  the  war  was  greater  in  blast  furnaces  than  in  of  coke  and  other  fuel  and  of  ore,  due  to  insufficiency 

steel  furnaces,  so  that  one  of  the  first  effects  of  the  of  transportation  facilities  and  of  labor,  as  well  as 

war  was  to  stimulate  the  building  of  new  steel  fur-  shortage  of  labor  at  the  .steel  mills.     Some  observers 

naces.     The   steel-making   capacity   at   the   beginning  of  the   situation   feel   that  the   capacity    for    making 

of  1915  was  estimated  at  37,500,000  tons,  at  the  begin-  crude  metals  will  probably  prove  sufficient,  but  that 

ning  of  1916  at  39,000,000  tons,  and  on  Jan.  1.  1917,  the  real  problem  lies  in  the  ability  to  fabricate  the 

at  43,000,000  tons,  and  it  is  expected  that  by  Jan.  1,  special  articles  used  in  warfare,  as  well  as  in  the  in- 

1918,  it  will  amount  to  48,000,000  tons.  Thus  there  will  dustries  expanded  by  war  demands. 

(23) 
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The  Material  Problem  with  Refer- 
ence to  Bridge  and  Struct- 
ural Steel* 

The  breaking  out  of  the  European  war  created  great 
activities  in  practically  all  lines  of  American  com- 
merce and  industry,  in  which  the  natural  economic 
laws  of  supply  and  demand  governed.  Unfortunately 
the  railroads — while  enjoying  to  some  extent  in  these 
activities — could  not  enjoy  the  fruits  thereof  to  the 
full  extent  and  were,  consequently  retarded  in  their 
natural  development  for  which  we  are  now  suffering. 
Owing  to  the  prevailing  uncertainties  of  the  present 
situation,  it  is  most  difficult  to  correctly  analyze  the 
material  situation  of  today.  To  convince  one's  self 
of  the  difficulty  arising  out  of  the  situation,  one  has 
only  to  read  the  predictions  made  by  eminent  po- 
litical economists  and  statesmen  at  the  beginning  of 
the  great  conflict. 

As  our  steel  conditions  are  intimately  related  to 
present  European  conditions,  it  might  be  well  to  give 
you  some  idea  of  the  approximate  maximum  annual 
production  of  the  various  steel  producing  countries 
which  are  at  present  engaged  in  this  war.  The  pro- 
duction of — 

Great  Britain  in  1915  was 8,351.000  gross    tons 

France  in  1913  was 4,635.000  metric  tons 

Russia    in    1914   was 2.467,000  metric  tons 

Belgium  in  1913  was 4,817,500  metric  tons 

Canada  in  1915  was 911,000  gross  tons 

Italy  in   1913   was 933,500  metric  tons 


22,115,000  tons 
The  production  of  the  Central  Powers: 

Germany   in  1913   was 18,959,000  metric  tons 

Austria-Hungary  in  1915  was 2.686,000  metric  tons 

21,645,000  metric  tons 

Due  to  the  fact  that  at  least  two-thirds  of  the 
French,  and  practically  all  of  the  Belgium  steel  pro- 
ducing facilities  are  in  the  hands  of  the  Germans, 
the  available  European  steel  supply  of  the  Allies  is 
reduced  to  about  10,558,000  tons;  whereas  the  Ger- 
mans, undoubtedly,  get  some  benefit  from  the  Allies' 
properties  which  are  under  their  control.  Conse- 
quently, a  large  amount  of  steel  must  necessarily  be 
furnished  the  Allies  by  this  country  in  order  to  meet 
with  their  requisite  supplies  for  the  conduct  of  the 
war. 

Prior,  to  the  war,  the  maximum  production  of  steel 
in  the  United  States  was  31,300,000  gross  tons  in  the 
year  1913,  which,  due  to  the  activities  produced  by 
the  war  was  increased  to  42,773,680  gross  tons  in 
1916  (and  is  being  still  further  increased  during  the 
present  year),  from  which  it  will  be  noted  that  in 
the  year  1916  the  United  States  produced  approxi- 
mately 50  per  cent  of  the  entire  steel  production  of 
the  world.  ' 

Of  the  total  production  of  steel  in  the  United  States, 
the  structural  material  consisting  of  steel  bars,  shapes 
and  plates  constitutes  about  12,400,000  tons.  Accord- 
ing to  one  of  our  New  York  leading  financial  publi- 
cations, it  is  expected  that  the  Government  will  re- 
quire about  7,400,000  tons,  leaving  about  5,000,000 
tons  for  other  uses. 

As  all  steel  producing  plants  are  booked  ahead  for 
a  very  long  period  and  many  orders  are  for  material 
needed  in  connection  with  industrial  and  other  pur- 
poses which  are  not  essential  from  a  national  defense 
standpoint,  the  United  States  Government  has  estab- 
lished what  is  known  as  a  "Priority  Committee,"  with 
Mr.  R.  S.  Lovett  acting  as  chairman. 

•From  a  paper  presented  at  the  recent  convention  of  the 
American  Railway  Bridge  and  Building  Association  by  Albert 
Reichmann  of  the  American  Bridge  Co. 


Through  the  issuance  of  the  so-called  priority 
classes  and  numbers,  rolling  mill  schedules  are  ar- 
ranged so  that  the  material  which  is  most  urgently 
needed  by  the  Government,  as  well  as  on  Govern- 
ment work,  is  given  preference.  This  applies  not 
only  to  work  for  the  Government,  but  also  to  other 
work  which  is  just  as  urgently  required,  such  as  ship 
building  plants,  ships,  and  certain  classes  of  rail- 
road work  considered  necessary  for  the  national  wel- 
fare. 

The  regulations  respecting  priority  which  must  be 
observed  by  all  producers  of  iron  and  steel,  as  well 
iis  the  manufacturers  of  products  thereof,  are  briefly 
as  follows: 

All  work  shall  be  divided  into  three  general  classes 
designated  as  Class  A,  Class  B,  and  Class  C,  with 
various  subdivisions  indicated  by  a  suffix  number, 
thus:  Class  A-1.  Class  A-2,  Class  B-1,  Class  B-2,  etc. 
All  work  in  Class  A  shall  take  precedence  of  work  in 
both  Class  B  and  Class  C  and  work  in  Class  B  shall 
take  precedence  of  work  in  Class  C,  irrespective  of 
the  date  the  orders  were  received.  Work  in  Class  A-1 
shall  take  precedence  of  work  in  Class  A-2  and  work 
in  Class  B-1  shall  take  precedence  of  Class  B-2,  etc. 

Class  A  comprises  war  work;  that  is  to  say,  work 
urgently  necessary  in  carrying  on  the  war,  such  as 
arms,  ammunitions,  ships,  etc.,  as  well  as  materials 
required  in  the  manufacture  of  same. 

Class  B  comprises  work  which,  while  not  primarily 
necessary  for  carrying  on  the  war,  yet  is  of  public 
necessity  and  essential  to  the  national  welfare. 

Class  C  comprises  all  work  not  embraced  in  Class 
A  or  Class  B  and  no  certificate  of  the  Priorities  Com- 
mitee  will  be  required  therefore.  However,  an  order 
for  work  or  material  not  accompanied  by  a  certificate 
to  the  effect  that  it  falls  within  Class  A  or  Class  B 
H'ill  be  treated  as  an  order  for  work  in  Class  C. 

After  a  careful  consideration  of  the  steel  problem, 
lioth  as  to  production  as  well  as  the  apparent  gov- 
ernment requirements,  it  would  appear  that  there  will 
be  sufficient  tonnage  remaining  for  ordinary  con- 
struction purposes  with  a  reasonable  time  for  deliv- 
eries. 


Steel  and  Iron   Prices  Fixed  by  War  In- 
dustries Board 

Under  the  agreement  between  the  War  Industries 
Board  and  the  steel  producers,  the  following  prices, 
became  effective  immediately,  and  are  subject  to  re- 
vision Jan.  1,  1918: 

Average   Prices   of   Shapes, 


Per  cent 

of  re- 
duction. 


50.00 


Plates  and    Bars. 
Price 
agreed 
Commodity  and  basis.  upon. 

Iron  ore,   lower  lake  ports *$5.05 

Coke,    Connellsville    tS.OO 

Pig  iron   •33.00 

Steel   bars,    Pittsburgh,    Chicago t2.90 

Shapes,    Pittsburgh,    Chicago +3.00 

Plates,    Pittsburgh,    Chicago {3.25  lU.o 

•Gross  ton.    -fSft  ton.     iHundredweight. 

It  was  stipulated,  first,  that  there  should  be  no  re- 
duction in  the  present  rate  of  wages;  second,  that 
the  prices  above  named  should  be  made  to  the  public 
and  to  the  Allies,  as  well  as  to  the  Government,  and, 
third,  that  the  steel  men  pledge  themselves  to  exert 
every  effort  necessary  to  keep  up  the  production  to  the 
maximum  of  the  past,  so  long  as  the  war  lasts. 

A  comparison  of  the  new  prices  with  those  of  the 
last  three  years  follows: 

Present 

prices.  1916.  1914. 

Pig    iron    $45.00  $24.00  $14.00 

Coke     13.00  4. 78  2.32 

Steel  bars    4.25  2.48  1.15 

Steel   plates    8.00  2.82  1.14 

Shapes    4.50  2.50  1.16 


Fixed 
prices. 
$33.00 
6.00 
2.90 
3.25 
3.00 


(24) 
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Bidding  Prices  on  Public  Work  During  Last  Two  Months 

Contractors'  Figures  on  Constuction  Undertakings  in  Various  Sections  of  the 

United  States 


Levee  Work,  Fourth  Mississippi  River  District. 

Proposals  were  opened  October  4  at  New  Orleans, 
La.,  by  District  Engineer,  Fourth  Mississippi  River 
District,  for  levee  work,  the  following  bids  being  rec- 
ommended for  acceptance: 

Price  bid. 
Name    of    levee.  Cu.  yd.        Cts.  Awarded   to — 

Lower  Tensas — 

Elkridge.  Lot  1 170.000         27%      Helgason      Bros..      Vicks- 

Elkridge,  Lot  2 170,000         27%  burg.   Miss. 

Atchafalaya — 

Old  River  550,000         11.25     Gra.sser    Contracting-    Co., 

New  Orleans,  La. 

Lafourche — 

Brilliant   Point 465,000  1  D.    B.   Hearin   &    Son   and 

Bon    Secour 188,000  1-      12.23         O.      O.      Ogden,      Baton 

Pike's  Peak 56,000  J  Rouge.   La. 

Barataria — 

Happy  Point 50.000         15.4       Lester  F.  Alexander.  New 

Deer  Range  80.000         15.04         Orleans.  La. 

Magnolia    60,000         19.54 

Pontchartrain — 
Golden   Gate-Oakley .  .450,000  9.74     Grasser    Contracting    Co.. 

New  Orleans,   I^a. 

Nita    105,000         12  Dameron-White  Co.,  Ltd., 

•  Baton  Rouge,   La. 

Lake  Borgne — 

Kenilwortli    6.=  , 000         1.-.4       Lester  F.  Alexander,  New 

Harlem-Savoie    80,000         15.4  Orleans,  La. 

Martin-Bohemia    21,000         19.94 


Brick  and  Asphaltic  Concrete  Pavement,  Elgin,  111. 

Contracts  for  street  paving  as  follows  were  awarded 
the  latter  part  of  September  by  the  city  of  Elgin,  111.: 
Paving  on  River  street  to  Illinois  Hydraulic  Stone  & 
Construction  Co.,  Elgin,  for  the  total  sum  of  $23,161, 
unit  prices  as  follows:  Sand  filled  brick  pavement 
laid  complete  on  a  5  in.  concrete  base,  including  exca- 
vation, at  $2.45  per  sq.  yd.;  6  in.  x  24  in.  cement  con- 
crete curb  at  50  ct.  per.  lin.  ft.;  catch  basins  at  $35 
each;  8  in.  clay  pipe  catch  basin  connections  at  75  ct. 
per  lin.  ft.;  manholes  at  $35  each;  24  in.  vitrified  clay 
pipe  storm  sewer  at  $2.00  per  lin.  ft. 

The  paving  of  Douglas  avenue  with  4,500  sq.  yd. 
asphaltic  concrete  pavement  was  awarded  to  Mc- 
Carthy Improvement  Co.  of  Davenport,  Iowa,  for  the 
total  sum  of  $9,695;  unit  bids  as  follows:  Asphaltic 
concrete  pavement  laid  complete  on  a  5  in.  concrete 
foundation  including  excavation  at  $1.98  per  sq.  yd. 
Cement  concrete  combined  curb  and  gutter  at  60  ct. 
per  lin.  ft. 


Sheet  Asphalt  Repaying,  New  York  City. 

Bids  were  received  Oct.  11  by  the  Department  of 
Parks  of  New  York  City  for  furnishing  all  labor  and 
materials  required  for  repaving  with  sheet  asphalt  on 
concrete  foundation,  the  main  roadway  of  Bronx  and 
Pelham  Parkway,  between  Southern  Blvd.  and  Butler 
St.,  and  the  southerly  roadway  of  Bronx  &  Pelham 
Parkway,  between  Butler  St.  and  Boston  Road,  Bor- 
ough of  The  Bronx.  The  bidding  prices  on  the  work 
were  as  follows,  (1)  standing  for  bid  of  the  Asphalt 
Construction  Co.,  208  Broadway,  New  York  City;  (2) 
bid  of  Dovney  Asphalt  Co.,  Inc.,  515  E.  17th  St.,  New 
York  City;  (3)  bid  of  The  Union  Paving  Co.,  120 
Broadway,  New  York  City;  (4)  bid  of  Uvalde  Asphalt 
Paving  Co.,  1  Broadway,  New  York  City. 


Excavation,  4,200  cu.   yd 

Portland  cement  concrete,  3.400  cu. 

Sheet  asphalt,   20,520   sq.   yds 

Blue   stone  curb.   .^50   lin.    ft 

Curb  reset,   4,350  lin.  ft 


(3) 

$1.50 
6.50 
1.39 
1.30 
.35 


(4) 

$1.00 
6.90 
1.46 
1.50 
.69 


Total     ■....$65,438  $64,299  C-S.SOO  $61,146 


Jetty  Repairs,  Mantua  Creek,  N.  J. 

Bids  were  received  September  22  by  the  U.  S.  Engi- 
neer, Wilmington,  Del.,  for  repairs  to  jetties  at  the 
mouth  of  Mantua  Creek,  N.  J.,  which  empties  into  the 
Delaware  River  about  10  miles  below  Philadelphia,  Pa. 
The  mouth  is  protected  by  parallel  jetties  about  400 
ft.  apart  with  a  dredged  channel  100  ft.  wide  between 
them.  The  depth  of  water  along  the  face  of  the  jetties 
where  repairs  are  to  be  made  varies  from  0  to  8  ft. 
The  mean  range  of  tide  at  the  mouth  is  6  ft.  and  the 
locality  is  exposed  to  northerly  storms.  The  work  to 
be  done  consists  in  furnishing  all  materials  and  labor 
and  making  general  repairs  to  the  outer  portion  of  the 
existing  jetties  in  accordance  with  the  aforementioned 
plan  and  these  specifications.  The  existing  jetties  are 
of  pile  and  timber  construction  with  stone  filling,  and 
the  repairs  will  consist  of  restoring  the  portions  that 
have  been  damaged,  replacing  timbers  that  have  de- 
cayed, and  filling  in  with  stone  those  places  that  have 
settled.  The  tops  of  the  piles  placed  in  the  jetty  and 
the  tops  of  those  cut  oflf  to  be  capped,  together  with 
both  ends  of  the  caps  used  in  splicing,  were  to  be 
treated  with  two  coats  of  Avenarius  Carbolineum,  or 
equal.  All  surfaces  of  the  timber  were  to  be  treated 
with  one  coat  of  Avenarius  Carbolineum,  or  equal, 
before  assembling.  The  unit  bids  were  as  follows, 
( 1 )  standing  for  bid  of  Richard  Parrott,  (2)  for  Joseph 
Anderson,  and  (3)  for  Brown  &  Simpson: 


(1) 

Yellow  pine  lumber,  21.000  ft.  B.  M.,  per  M 

ft.     in    place     $125.00 

White  oak  piles,  fender  and  cluster,  680  lin. 

ft.,  per  lin.   ft.   in  place    1.25 

I'aijs   for  splicing,   120  lin.   ft.,   per  lin.   ft. 

in     place     2.00 

Wrought   iron,   10,000  lb.,  per  lb.    in  place.         .12 

Stone,   410  cu.   yd.,   per  cu.   jxl.    in   place..       ;'...'iO 


$130.00     $138.38 


4.90 
.148 
I.  SO 


Elevated  Steel  Water  Tanks,  Akron,  Ohio. 

Bids  were  opened  September  24  by  the  city  of  Akron, 
Ohio,  for  constructing,  furnishing  and  erecting  an  ele- 
vated steel  water  tank  of  a  capacity  of  350,000  gal.,  the 
tower  to  be  75  ft.  high  to  bottom  of  tank.  The  bids  re- 
ceived are  shown  in  the  accompanying  sketch: 


Chicago 

Bridge  and 
Iron  iVorks 


Chicago 
Bridge  and 
Iron  Works 


Piffsburg- 
De5-Moire5 
5feel  Co 


Pittsburg 
Des- Moines 
Steel  Co 


Arthur^  Tufts 
Contrfq  Engr 
Atlanta  Oa 


WEiOHT  IN  Lbs 


Tank  125,000 
Tomer  136.000 
Riser.eic   12,000 

Total     275,000 


Tank  125.000 
Tower  123,000 
Riser.etc.  12,000 

Total  .  260.000 


Roof  10.300 
Tank  103.500 
Tower  121.000 
Riser.etc  14.600 
Total     249,400 


Roof  11,200 
Tank  105.000 
Tower  125.000 
Riser.etc  14800 
Total      256.000 


Con  r ON 
CuYos 


Approximate  Quantity 
of  Concrete  Cu.  Yds.     " 
Tank         505  ' 
Tower      420 
Total         725   pff,( 


Price 
PerCiA 
Yard 


Elliptical  bbtt 
4a  Riser  pipe 
6' Post  Tower 


Elliptical  bolt 
46' Riser  Pipe 
b'PostTower 


Segmta!  bott 

60' Riser  Pipe 

d'Post  Tower 

'Design  A' 


Hemisp'r'l  bott 

60'RiserPipe 

S'Post  Tower 

'DesiqnB' 


Reinf  Conor 
4S'  Concrete 
Riser  Pipe 


Capacity  550.000  Gallons 
Toner              V5  ft  High  to  Bottom  of  Tank 
I Jl 1 I 


Bids    received    Sept.   24, 


by   Akron,  O.,   for   Elevated  Steel   Water 
Tank. 


(25) 
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Furnishing  Rock    for    Fourth    District,    Mississippi 
River  Commission. 

The  following  bids  were  received  Sept.  24  a,t  New 
Orleans,  La.,  by  the  District  Engineer,  Fourth  Missis- 
sippi River  District,  for  furnishing  23,P00  tons  of 
rock:  Lester  F.  Alexander,  New  Orleans,  La.,  $2.30 
per  ton  on  board  U.  S.  barges  New  Orleans  Harbor: 
Perry  Grain  &  Cement  Co.  of  Vicksburg,  Miss.,  $1.10 
f.  0.  b.  cars  quarry,  60  ct.  for  transferring  rock  from 
cars  at  Vicksburg  to  U.  S.  barges,  the  U.  S.  Govern- 
ment to  pay  freight  with  land  grant  allowance,  ship- 
ments to  be  made  on  Government  bills  of  lading. 


Lower  Otay  Dam,  San  Diego,  Cal. 

Bids  were  opened  Sept.  4  by  the  city  of  San  Diego, 
Cal.,  H.  N.  Savage,  Hydraulic  Engineer,  for  the  con- 
struction of  the  Lower  Otay  dam,  and  independent 
spillway,  and  an  outlet  tower  and  connections,  and  ap- 
purtenances, involving  for  the  Lower  Otay  dam,  about 
30,000  cu.  yd.  of  excavation,  about  75,000  cu.  yd.  of 
concrete,  about  20,000  cu.  yd.  of  mass  rock,  and  about 
1,500  lin.  ft.  of  hole  for  grouting  foundations;  and  for 
the  independent  spillway,  about  6,000  cu.  yd.  of  exca- 
vation, about  2,000  cu.  yd.  of  concrete;  and  for  the  out- 
let tower  and  connections  about  750  cu.  yd.  of  rein- 
forced concrete.  The  work  is  located  about  20  miles 
southwesterly  from  San  Diego,  and  about  10  miles 
easterly  from  the  Otay  Industrial  Track  of  the  San 
Diego  &  Arizona  Ry.  and  of  the  San  Diego  &  South- 
western Ry. 

Six  bids  were  received,  one  of  which  was  on  the 
"cost  plus"  basis.  This  was  submitted  by  the  Shat- 
luck-Edington  Co.,  Los  Angeles,  which  offered  to  do 
the  job  on  basis  of  final  cost  of  work  plus  14  per  cent 
on  the  bond  issue  of  $682,200.  The  Wurster  Construc- 
tion Co.,  the  low  bidder  on  the  unit  price  basis,  re- 
quested the  return  of  its  proposal  and  certified  check, 
giving  as  supporting  reason  that  it  had  made  a  mate- 
rial error  in  transposing  its  figures  from  its  detailed 
unit  prices  to  its  summation.  The  units  bids  received 
were  as  follows,  (1)  standing  for  bid  of  Wurster  Con- 
struction Co.,  San  Diego,  (2)  H.  G.  Fenton,  San  Diego, 
(3)  James  Kennedy,  Los  Angeles,  (4)  R.  P.  Shields, 
San  Diego,  and  (5)  Twohy  Bros.  Co.,  San  Diego: 


Schedule  1. 

Excavation,    Class   1,   12,000   cu.   yd 

Excavation,  Class  2,  7,500  cu.  yd 

Excavation,   Class  3.   1,500   cu.  yd 

Excavation.    Class    4,    9,000    cu.    yd 

Backfill,    600   cu.   yd 

Concrete.    24.000    cu.    yd 

Concrete   Cyclopean   masonry,    70,000   cu. 

Concrete  reinforced,  325  cu,  vd 

Placintr  reinforced   steel,   30,000  lb 

Crushing  rock  for  sand.  10.000  cu.  yd. . 
Drilling  holes,  core  recovering.  500  lin.  i 
Drilling  holes,   percussion.   1.000  lin.   ft.. 

Grouting  under  pressure.  200  cu.  yd 

Laying  drain  tile  and  pipe.  2.000  lin.  ft. 
Placing    Metal    work,    10,000    lb 


Reinforced  Concrete  Bridge,  Tekamah,  Neb. 

Bids  were  opened  August  14  by  the  city  of  Tekajnah, 
Neb.,  for  the  construction  of  a  bridge  and  retaining 
walls  under  plans  prepared  by  Albert  C.  Arend,  con- 
sulting engineer,  Omaha,  Neb.  The  plans  called  for  a 
bridge  of  the  reinforced  concrete  deck  girder  type, 
consisting  of  two  spans  of  34  ft.  each,  with  20  ft.  road- 
way and  6  ft.  each  side  for  sidewalk  and  railing.  Struc- 
ture was  to  have  capacity  for  20  ton  road  roller.  The 
bridge  will  span  creek  with  clay  bottom  and  usually  no 
flow  but  occasionally  15  ft.  depth  of  water.  Plans  cov- 
ered about  170  lin.  ft.  of  retaining  walls,  as  wing  walls. 
Total  concrete,  530  cu.  yd.  Reinforcing  steel,  40,000 
lbs.  Piles,  125  20  ft.  long.  About  1  cu.  yd.  concrete, 
70  lb.  steel  and  0.35  piles  were  required  per  lineal  foot 
of  retaining  wall.  The  bids  received  were  as  follows: 
Standard  Bridge  Co.,  Omaha,  Neb.,  $14,220;  James  Sa- 
guin,  Council  Bluffs,  Iowa,  $13,500;  Pickus  Engineer- 
ing &  Construction  Co.,  Sioux  City,  la.,  $13,885.  The 
contract  was  awarded  to  the  Pickus  Co.,  with  a  deduc- 
tion of  $3,200  for  100  ft.  of  retaining  wall  not  absolute- 
ly required  at  once.  The  unit  prices  submitted  by  the 
Standard  Bridge  Co.  for  computing  the  additions  or  re- 
ductions to  be  made  to  its  bids  were  as  follows : 

Excavation,   per  cu.  yd Sf  1.2."i 

Rhaet  piling,   per  M  ft.   B.  M.  in   place    70.00 

Piling,    per  lin.    ft.    driven    40 

Concrete,  footing  class,  per  cu.   yd.  in  place 12.50 

Concrete,   superstructure  class,   including  all  framework  and 

bracing,   per  cu.   yd 

Reinforcing  steel  in  place,  per  lOO  lb 

Bridge  railing,  complete,  per  lin.  ft 

Typical   retaining  wall,    complete,    per  lin.    ft 


21,00 

fi.nn 

2.50 
15.50 


Fill,  Including  Riprap  Protection,  San  Pedro,  Cal. 

Bids  were  opened  August  31  by  the  U.  S.  Engineer 
at  Los  Angeles,  Cal.,  for  constructing  a  fill,  including 
riprap  protection  therefor,  at  San  Pedro.  The  work 
involved  120,000  cu.  yd.  of  fill.  The  Standard  Amer- 
ican Dredging  Co.,  Los  Angeles,  offered  to  do  the  work 
at  cost  plus  17y2  per  cent.  The  San  Francisco  Bridge 
Co.,  San  Francisco,  submitted  a  bid  of  97  cents  per 
cu.  yd.  and  Russell-Greene-Foell  Co.,  Los  Angeles,  bid 
82  cents  per  cu.  yd.  The  latter  company  put  in  an 
alternate  bid  of  64.6  cents  per  cu.  yd,  with  proviso  that 
15,000  cu.  yd.  for  earth  bulkhead  be  taken  from  road- 
way and  bluff  on  Government  Reservation. 


rER  OTAY  DAM,  SPILLW 

AT  AND   OUTLET  TOWER, 

(1) 

(2) 

(3) 

(4) 

(5) 

$0.(i2 

$1.7.^ 

$1.13 

$1.00 

$1,90 

i,r,32 

2.75 

2.48 

1.50 

3,00 

.53 

1,75 

1.13 

1.00 

1.00 

1,233 

2,25 

2.48 

1.50 

1.50 

2,026 

.50 

1.50 

1.00 

2.00 

4,973 

3.75 

4.87 

6.00 

5.90 

3,071 

3.37 

4.87 

5.10 

5.80 

7,052 

4.00 

4.87 

6.00 

9  00 

,0141 

.0113 

.02 

.0009 

,03 

1,08 

1,00 

2.00 

2  00 

1.50 

3,4,?4 

3,00 

5.25 

4,00 

4,00 

2, OSS 

4,00 

5.25 

10,00 

5,00 

9,07 

5,00 

12.00 

12,00 

20,00 

.275 

.20 

.15 

.60 

.35 

,0345 

.05 

.0375 

.0009 

.03 

,$387,410 

$547,837 

$577,336 

$639,725 

.54 

1.00 

1.13 

1  20 

1,00 

1,.S0 

2.25 

2.48 

1.50 

1.50 

I.IS 

1.00 

1.50 

1.00 

2.00 

4,97 

4  00 

4.82 

6..';o 

6.50 

3,50 

3.50 

4.S2 

6.00 

6.50 

5,40 

4..'10 

4.82 

6.50 

7.00 

,02 

.0117 

.02 
$  25,140 

.0009 

.03 

,$  19,767 

$  22,502 

$  24,375 

,53 

1.00 

1.13 

1.20 

1.00 

1.40 

2,25 

2.48 

1.50 

1.50 

1.00 

.50 

1.50 

1,00 

2.00 

25,57 

14.00 

15.00 

20,00 

35.00 

9,711 

15.00 

15.00 

1.1,00 

34,00 

,012.S 

.0112,-; 

.02 

,0009 

,03 

.02 

,05 

.0375 

.0009 

.03 

Total    for    Schedule    1 $387,410 

Schedule  2. 

Excavation,    Class   3,    1.000   cu.    yd 

Excavation.   Class   4.   5,250   cu.   vd 

Backfill,    50O    cu.    yd 

Concrete,    600    cu.    yd 

Concrete  cyclopean  masonry.    200  cu.  yd 

Concrete    reinforced.    1.200    cu.    yd 

Placing   reinforced    steel.    30.000   lb 

Total  for  Schedule  2 $  19, 

Schedule  3. 

Excavation.  Class  3,  100  cu.  yd 

Excavation.   Class  4.   200  cu.   yd 

BRckfill.    300   cu.   yd 

Concrete  tunnel  lining.  270  cu.  yd 

Concrete  reinforced,  450  cu.  vd 

Placing  reinforced  steel.  20.000  lb 

Placing  metal  work,    40.000   lb 

Total    for    Schedule    3 $12,956                 $13,759  $12,924  $27,550 

Total    bid    420,134  450,000                   586,736  612.762  691,650 

H.  G.  Fenton's  estimated  co.st  exclu.iNive  of  overhead  expense  and   profit    which  is    provided  for    in    the  contractor's    proposal    by    a 
varying  percentage  based  on  final  cost  of  work. 

(26)      ^ 


October  31,  1917. 
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Sewage  Disposal  Works,  Stamford,  Conn. 

Bids  were  opened  September  22  by  the  city  of  Stam- 
ford, Conn.,  for  the  construction  of  sewage  disposal 
works  under  the  plans  of  Fuller  &  McClintock,  con- 
sulting engineers,  New  York  City.  Three  bids  were 
.received,  one  of  which  was  on  the  cost  plus  basis.  This 
v;as  submitted  by  the  Suburban  Engineering  Co.,  New 
York  City,  which  offered  to  do  the  work  at  cost  plus 
^12,500.  The  engineer's  estimate  was  made  in  May, 
1917,  using  prices  of  that  time.  The  estimate  and  the 
unit  bids  were  as  follows,  (1)  standing  for  engineer's 
estimate,  {,2)  for  bid  of  Frank  Palmer,  and  (3)  for  bid 
of  Eaton,  Brown  &  Simpson,  Inc.: 

Description.                                                             (1)  (2)  (3) 

Protective   worli  and   royalties,   lump   sum  $5,500  $26,500  $31,268 

Excavation,    17,000    cu.    yd 1.50  1.25  1.32 

Rolling   embanijment,   11,000   cu.   yd 20  .65  .29 

Concrete,    3,500    cu.    yd 16.00  21.25  17.25 

Reintorcingr   steel,    2b0,000    lb 06  .06  .069 

Cast  iron  B.   &   a.  pipe.   43.5   tons 75.00  75.00  103.60 

Cast  iron  B.  &  S.  specials.  15.5  tons 115.00  80.00  189.00 

Cast    iron    flange    pipe    and    specials,    5.0 

tons     150.00  90.00  262.00 

date  valves,  lump  sum   600.00  712.00  791.00 

Sluice   gates,    lump   sum    3,000.00  2,327.00  4,179.00 

Checlc    valves,    lump   sum    225.00  229.00  350.00 

U-in.   flap  valves,   S  each    15.00  17.00  17.875 

8-in.  flap  valves,  2  eacli 25.00  20.00  40.00 

4-in.  vit.  pipe,  1,200  lin.  ft 0.15  0.25  0.20 

C-in.   vit.    pipe,   20   lin.    £t 0.20  0.35  0.41 

S-in.  vit.  pipe.  450  lin.  It 0.35  0.75  0.50 

10-in.   vit.   pipe,   700  lin.   ft : 0.45  1.25  0.66 

.Structural  steel,  65,000  lbs 0.09  0.07  0.109 

Misc.    cast   iron,   wrought   iron  and  steel, 

20,000    lbs 0.15  0.06  0.185 

Railings,    480   lin.    ft 2.00  1.25  1.84 

.Screen  chamber  superstructure,  lump  sum  900.00  5,700.00  1,322.00 

L.aboratory   building  superstructure,   lump  

sum 7,500.00  7,323.00  9,883.00 

Lumber,   13  M.   ft.  B.   M 85.00  50.00  149.50 

Baffles,   including      reinforcement,       2,560 

sq     yd 2.75  1.00  3.51 

Venturi  meter,  lump  sum  1,500.00  1,650.00  2,235.00 

Chlorinating  apparatus,   lump  sum    1,400.00  2,175.00  1,557.00 

Automatic   tide  gate,   lump   sum    500.00  300.00  5(5.00 

Chemical  equipment  &  piping,  lump  sum. 2,500.00  2,900.00  3,644.00 

2-in.   water   line,    500   lin.    ft 0.70  1.00  ,„0-575 

Electric  hoists,   2  each    350.00  532.00  583.00 

Railways,    steel    ties,    straight   track,    560  ^  ,„ 

lin.   ft 1.25  1.46  1.46 

Railways,  wooden  ties,  straight  track,  600 

lin.    ft.     1-60  1.90  1.22 

Railways,    wooden    ties,      curved      track. 

100    lin.    ft 2.25  2.00  1.725 

Switches,    9   each    60.00  70.00  75.00 

Tip   car.s,    2    each 140.00  195.00  204.00 

2-in.    water   line   in   settling   tanks,    lump 

sum     •   850.00  *1.00  1.119.00 

Crushed  stone,   sludge  beds,   770  cu.  yd...       2.00  2.75  2.59 

Macadam,   1,600    sq.    yd 1-25  1.00  1.78 

Pressure   water   pump    and    motor,    lump 

sum 500.00  650.00  632.00 

Connecting  existing   pumps,   lump  sum...   300.00  500.00  287.00 

Fence,  S65   lin.   ft 0.50  1.25  0.52 

Total  $153,279  $192,857  $199,699 

•Item    36    of    Palmer    bid    was    given    as    $1.00.      Explained    as 

meaning  $1.00  per  ft.  ,  . ,      . 

titems    12    and    13    of    Eaton,    Brown    &    Sunpson    bid    given    as 

$143.00  and  $SO.O0  respectively. 


Mountain  Division  Hatch  Hetchy  Aqueduct  Tunnel, 
San  Franciso,  Cal. 

Bids  were  received  Aug.  22  by  the  Board  of 
Public  Works  of  San  Francisco,  Cal.,  for  the  construc- 
tion of  96,808  feet,  or  about  19  miles  of  aqueduct  tun- 
nel 10  ft.  3  in.  in  diameter  on  the  Hetch  Hetchy 
project,  leading  from  Early  Intake,  12  miles  below  the 
dam,  to  near  the  Priest's  forebay  reservoir  above  the 
power  plant. 

Bids  were  received  from  K.  C.  Storrie  &  Co.,  Healy- 
Tibbitts  Construction  Co.,  and  the  Lindgren  Co.,  all 
large  contractors  in  San  Francisco.  The  lowest  was 
by  R.  C.  Storrie  &  Co.,  as  follows : 

City  Engi- 
Feet.  neer's  estimate. 

Section    A 23,725  $1,983,725  $1,458,050 

Section    B ;..     24,739  2,258,560  1,432,348 

Section    C 48,344  4,991,386  3,200,215 


96.808 


$9,233,671 


Extra  work  and  engineering. 

.?6. 307, 000 

The  low  bid  averaged  $96  per  lineal  foot,  including 
r.ecessary  structures.  The  bid  was  considered  exces- 
sive and  consequently  was  rejected.    The  unit  bids  on 


the  work  were  as  follows :  (1)  Standing  of  bid  of  R.  C. 
Storrie  &  Co.,  (2)  Healey-Tibbitts  Construction  Co., 
;  nd  (3)  Lindgren  Co.: 

SECTION  A. 

Item.                                                                           (1)  C2)             (3) 

Tunnel  No.  1— 

Standard  lined  tunnel,  23,725  lin.  ft $S3.00       $88.00     

-■iddit'l  excavation   in  tunnel,    400  cu.  yd.     10.00  9.00     

Addit'l  concrete  in  tunnel,  400  cu.  yd 15.00         19.00     

Excavation  in  open  cut,   100  cu.  yd 8.00  3.00     

Concrete  in  open  cut,  50  cu.  yd 15.00         19.00     

Reinforcing  steel,  10,000  lb 10  .12     

Weepers,    100    20.00  5.00     

SECTION    B. 

Tunnels  Nos.  2,  3,  4,  5 — ■ 

Standard   lined  tunnel,    9,768  lin.    ft 90.00     

Addit'l  excavation  in  tunnel.   200   cu.  yd.     10.00     

Addit'l  concrete  in  tunnel,  200  cu.  yd....     15.00     

Tunnels  Nos.  6,  7,  8 — 

Standard  lined  tunnel,  14,971  lin.  ft 90.00     

Addit'l  excavation   in  tunnel.  300  cu.   yd.     10.00     

Addit'l  concrete  in  tunnel,  300  cu.  yd 15.00     

Constructing  adits,  200  lin.  ft 30.00     

Concrete  for  sealing  adits,  600  cu.  yd 15.00     

Excavation  in  open  cut,  100  cu.  yd S.OO     

Concrete  in  open  cut.  60  cu.  yd 15.00     

Reinforcing  steel.  10,000  lb 10     

Weepers,    100    20.00     

SECTION   C. 

Tunnel  No.  9 — 

Standard  lined  tunnel,  12,300  lin.  ft 94.00     $115.32 

Addit'l  excavation  in  tunnel,   800  cu.   yd.     10.00     10.00 

Addit'l  concrete  in  tunnel,  700  cu.  yd Ifi.OO     30.00 

Part  of  Tunnel  10  from  Shaft  1  to  point 
3.000  ft.  east  of  Shaft  2— 

Standard  lined  tunnel,  12,392  lin.  ft 94.00     115.32 

Addit'l  excavation   in  tunnel,   900  cu.   yd.     10.00     10.00 

Addit'l  concrete  in  tunnel,  800  cu.  yd 15.00     30.00 

West  3,000  ft.  of  Tunnel  10  and  east  4,000 
ft.  of  Tunnel  11 — 

Standard  lined   tunnel,   7,000   lin.   ft 94.00     115.32 

Addit'l  excavation  in  tunnel,   350  cu.   yd.     10.00     lO.OO 

Addit'l  concrete  in  tunnei,  150  cu.  yd 15.00     30.00 

Part  of  Tunnel  11  from  point  4,000  ft.  west 
of  Shaft  2  to  point  2,500  ft.  east  of 
priest  res.  portal — 

Standard  lined  tunnel,  14.152  lin.  ft 94.00     115.32 

Addit'l  excavation  in  tunnel,  1.000  cu.  yd.     10. 00     10.00 

Addit'l  concrete  in  tunnel,  1,000  cu.  yd..     15.00     30.00 

West  2.500  ft.  of  Tunnel  11— 

Standard  lined  tunnel,  2,500  lin.   ft 94.00     115.32 

Addit'l  excavation   in  tunnel.   200  cu.   yd.     10.00     10.00 

Addit'l  concrete  in  tunnel,  200  cu.  yd 15.00     30.00 

Constructing  Shaft  No.   1,    613  ft.    deep 250.00     146.00 

Constructing  Shaft  No.   2,   784  ft.    deep 250  00     141.00 

Concrete  for  scaling  shafts.  400  cu.  yd 15.00     25.00 

Constructing  adit,  50  lin.  ft 30.00     100.00 

Concrete  for  sealing  adit,  100  cu.  yd 15,00     25.00 

Excavation  in  open  cut.  100  cu.  yd S.OO     „^'22 

Concrete  in  open  cut,  50  cu.  yd 15.00     25.00 

Reinforcing    steel,    20,000    lb 10     .08 

Weepers,    500    20.00     4.00 

Total.  Sections  A,  B  and  C $9,233,671 

Reduction  is  Sections  A,  B  and  C  are  awarded  in  com- 
bination— none    

Net  total  of  Sections  A.  B  and  C $9,233,671 

Total.   Sections  A  and  B $4,242,285 

Reduction  if  Sections  A  and  B  are  awarded  in  com- 
bination—5%    212,114 

Net   total.   Sections  A   and   B $4,030,170 

Total,    Sections  A   and   C $6,975,111 

Reduction  it  Sections  A  and  C  are  awarded  in  com- 
bination— none    


Net  total.  Sections  A  and  C. 


Total,    Sections   B   and    C $7,249,946 

Reduction  if  Sections  B  and  C  are  awarded  in  com- 
bination—5%    362,49 1 

Net  total,  Sections  B  and  C 6.882.448 


Brick  Pavement,  Parkersburg,  W.  Va. 

The  city  of  Parkersburg,  W.  Va.,  of  which  Wm.  M. 
Hall  is  City  Engineer,  has  awarded  street  paving  con- 
tracts aggregating  17,000  sq.  yd.  to  the  following  con- 
tractors under  bids  received  Sept.  14:  C.  Kennedy  & 
Son,  for  George  St.  with  brick  on  reinforced  concrete 
base;  C.  Kennedy  &  Son,  for  20th  St.  with  brick  and 
sand  and  gravel  base;  C.  Kennedy  &  Son,  for  22d  St. 
with  brick  on  sand  and  gravel  base;  Graham  Bros., 
Parkersburg,  W.  Va.,  for  Spring  St.  with  brick  on  sand 
and  gravel  base;  Graham  Bros.,  for  Ann  St.  with  brick 
en  reinforced  concrete  base. 

The  unit  prices  for  the  above  work  are  as  follows : 


{27) 


E^rcavations    40   ct.    to   60  ct. 

Vitrified  brick  paving  on  3-in.   reinforced  concrete,  base.. 

$2.45  and  $2.54  per  sq.  yd. 

Vitrified   brick   paving  on   6-in.    sand   and   gravel   base 

$2.00    and    $2.10    per    sq.    yd 
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(1) 

(2) 

CS) 

?0.70 

?0.63 

11.00 

.SO 

1.16 

1.10 

1.60 

2.42 

2.30 

Concrete  Lined  Reservoir,  Cumberland,  Md. 

Bids  were  received  Aug.  20  by  the  city  of  Cumber- 
land, Md.,  Ralph  L.  Rizer,  City  Engineer,  for  the  con- 
.struction  of  a  7,000,000-gal.  reservoir.  The  bidding 
prices  were  as  follows,  (1)  standing  for  bid  of  Cum- 
berland Contracting  Co.,  Cumberland,  Md.,  (2)  for 
Lid  of  The  Rust  Engineering  Co.,  Pittsburgh,  Pa.,  and 
(3)  for  bid  of  Cadmus  Con.struction  Co.,  New  York 
City : 

Top  soil  excavation,  1,350  cu.   yd 

Kartli  excavation,  11,500  cu.  yd 

Rock  excavation,   11,500  cu.  yd 

Embankment,    22,000    cu.    yd 30 

Concrete    in    reservoir   lining,    1-2^-4^,    I.ISO 

cu.   yd    12. SO 

Concrete    in    gate    tower    and    bridge,    1-2-4, 

34  cu.  yd (lump  sum)   SoO.OO 

Concrete,    l-2i^-4H.    not    Included    in    above. 

10  cu.   yd 16.00 

Reinforcing   steel   not   included   in   lump   sum 

bids,    4.5    tons    160.00    196.50    150.00 

24-in.    concrete    inlet   pipe,    lump    sum 1296.00  1920.00  2000. OU 

24-in.   concrete  outlet  pipe,   lump  sum 1100.00  1S30.00  1500.00 

l2-in.  cast  iron  pipe,  23  lin.  ft 4.60        9.82        7.00 

16-in.  cast  iron  pipe,  465  lin.  ft 5.40        S.uo      10.00 

30-in.   cast  iron  pipe,    240  lin.   ft S.SO      11.25      12.60 

16-in.  vitrified  pipe  drain,  lump  sum 390.00    lOO.OO    242.00 

16-in.   sluice  gates,   4   only    150.00    167.00    200.00 

12-in.  gate  valves,  with  extension  valve  bo.xes, 

3   only    80.00    210.00      80.00 

16-in.  gate  valve,  with  extension  valve  boxes, 

2   only    125.00    397.00    160.00 

20-in.  gate  valves,  with  extension  valve  boxes, 

1    only    150.00    760.00    250.00 

Hand   rail   on   bridge   and   gate    tower,    lump 

sum     150.00    344.00    400.00 

Macadam   roadways,   830   sq.   yd 2.50 

Sodding,    SCO   sq.   yd 36 

Seeding,  1.5  acres    200.00 

Fencing  around  reservoir,  1,630  lin.  ft 1.50 

Concrete   curbs   and   gutters,    600   lin.   ft 1.50 

Storm  water  inlets,  2  only   260.00    130.00 

Manhole  head  and  cover  on  gate  tower,  1  only    20.00      17.50 


19.15      16.00 


17.10      16.00 


2.90 


1.92 


2.00 
.60 
50.00 
1.40 
2.00 
50.00 
20.00 


Total     ?67,.=i4r.  $99,796  $93,612 


Sanitary  Sewer  System,  Seymour,  la. 

Bids  were  opened  Sept.  5  by  the  city  of  Seymour,  la., 
for  constructing  a  sanitary  sewer  system  under  plans 
prepared  by  M.  G.  Hall,  consulting  engineer,  Center- 
ville,  la.  The  work  was  divided  into  si.x  sections,  the 
contract  for  these  being  awarded  as  follows:  Sec.  1, 
lateral  sewer,  Moore-Seig  Construction  Co.,  Waterloo, 
la.,  $11,460;  Sec.  2,  lateral  sewers,  Comstock  &  Han- 
son, Cedar  Rapids,  la.,  $5,845;  Sec.  3,  outlet,  W.  H.  Ba- 
dell.  Rock  Island,  111.,  $2,741;  Sec.  4,  outlet,  Moore- 
Seig  Construction  Co.,  $1,568;  Sec.  5,  East  disposal 
plant,  Ward  &  Weighton,  Siou.x  City,  la.,  $9,700;  Sec. 
6,  south  disposal  plant.  Ward  &  Weighton,  $7,100.  The 
unit  prices  on  the  first  four  sections  were  as  follows, 
.standing  for  bid  of  (1)  G.  G.  Herrick,  Des  Moines,  la.; 
(2)  J.  L.  Honsman,  Des  Moines,  la.;  (3)  J.  Q.  Adams, 
Centerville,  la.;  (4)  Comstock  &  Hanson,  Cedar  Rap- 
ids, la.;  (5)  W.  H.  Bedell,  Rock  Island,  HI.;  (6)  Peter- 
sen &  Schriber,  Omaha,  Neb.;  (7)  Moore-Seig  Constr. 
Co.,  Waterloo,  la.;  (8)  Ivan  Ipsan,  Fairfield,  la.;  (9) 
Estimate. 


Storm  Sewer,  Holdrege,  Neb. 

The  city  of  Holdrege,  Neb.,  opened  bids  September 
27  for  constructing  a  storm  sewer,  the  contract  being 
awarded  at  the  following  prices: 

400  lin.   ft.   12-in.  sewer  per  It $0.72 

5S4  lin.   ft.   18-in.  sewer  per  ft 1.24 

814  lin.   ft.  21-in.  sew'er  per  ft 1.57 

1,047  lin.  ft.   30-in.  sewer  per  ft 2.76 

20  lin.  ft.   36-in.  sewer  per  ft 3.81 

1.019  lin.   ft.  12-in.  sewer  per  ft 0.72 

74  iin.   ft.  15-in.  sewer  per  ft 0.98 

29  lin.  ft.  18-in.  sewer  per  ft 1.24 

9    manholes,    each 35.00 

For  system   complete $6,412 

This  is  only  a  small  job  but  is  otherwise  desirable 
work.  The  time  of  completion  is  Dec.  15th,  and  the 
digging  is  dry  and  easy.  The  pipe  specified  is  double 
strength  No.  2  quality.  The  reason  for  the  very  low 
bid  on  the  work  is  undoubtedly  the  fact  that  it  is  a 
f.mall  job  to  finish  out  the  season  with,  for  the  con- 
tractors' larger  jobs  are  now  nearing  completion.  The 
average  depth  of  the  job  is  probably  7  feet.  The  filling 
is  to  be  flushed  into  the  ditches,  but  no  guarantee  re- 
tainer is  withheld.  Grant  &  Fulton,  Lincoln,  Neb.,  are 
the  consulting  engineers. 


Sewer  Construction,  Logan,  Utah. 

Bids  were  opened  August  28  by  the  city  of  Logan, 
Utah,  A.  H.  Chambers,  City  Engineer,  for  the  con- 
struction of  sewers  in  Sewer  District  No.  5.  The  con- 
tract was  awarded  to  O.  J.  Parrott,  Salt  Lake  City, 
Utah,  and  he  began  work  on  September  29.  The  unit 
prices  of  the  bidders  were  as  follows,  (1)  stand- 
ing for  bid  of  0.  J.  Parrott,  (2)  Lynch  Construction 
Co.,  (3)  H.  P.  Bair,  (.4)  Ryberg  Bros.,  (5)  Olaf  Nelson, 
and  (6)  Wheelwright  Construction  Co.  Such  bids  re- 
ceived August  28  at  Logan,  Utah,  for  sewer  construc- 
tion in  Sewer  District  No.  5: 

~"  (1)  (2)  (3)  (4) 


U'ork  and  Material — 
Excavation  and  back  fill, 

6,000  cu.   yd 

9   manholes,   5  ft.   dia... 
11  manholes,  4  ft.  dia. . 

Lumber,    6M 

Gravel  fill,  150  cu.  yd... 
4-in.  concrete  drain  tile, 

3,000    lin.    ft 

No.    2,    4-in.    vit.    sewer 

pipe,    6,700   nn.    ft 

Vitrified  Pipe — 
4-in.  pipe.  50  lin.  ft.... 
6-in.  pipe,  50  lin.  ft.... 
S-in.  pipe,  2,300  lin.  ft. 
10-in.  pipe,  4,100  Un.  ft. 
15-in.   pipe,   700   lin.   ft.. 


(6) 


;  2.50 

$  2.48 

$  2.80 

$  2.55 

75,00 

80.00 

75.00 

80.00 

65.00 

70.00 

60.00 

75.00 

60.00 

70.00 

50.00 

75.00 

1.50 

2.00 

1.00 

1.75 

65.00      65.00 


1.00        1.00        1.10        1.10        1.00 


Total  using   vit.   pipe.    $19,694  $21,993  $22,818  $23,267  $23,887  $24,935 


.22 


.35 


Concrete   Pipe — 
4-in.    pipe,   50   lin.   ft.... 

6-in.    pipe,   50   lin.   ft 

8-in.  pipe,  2.300  lin.  ft. 
10-in.  pipe,  4,100  lin.  ft. 
16-in.    pipe,    700   lin.   ft. . 


Total  using  cone.  pipe.  $^0,256  $22,388 
Time  of  completion,  days  90       


.16 


$23,692  I 
I         150 


BY    CITY    OF    SEY'.MOUR,    lA.,    FOR 
(11  (2) 

$1.00 
1.20 


BIDS   RECEIVED   SEPT 

Section  1 — Lateral  Sewers:  (1) 

8-in.    vitrified   pipe,    9,896    lin.    ft $0.99 

10-in.  vitrified  pipe,   730  lin.   ft 1.20 

12-in.    vitrified   pipe,    894    lin    ft 1.22 

Manholes,     27     50.00 

Drop    manholes,    2     50.00 

Flush    tanks.    7     80.00 

.Section  2 — Lateral  Sewers: 

6-in.  vitrified  pipe,  300  lin.   ft 90 

S-in.  vitrified  pipe,  5,360  lin.  ft 1.25 

10-in.  vitrified  pipe,  360  lin.  ft 1.10 

Manholes,     12     50.00 

Drop    manholes.    2 50.Q0 

Flush    tanks,    5    80.00 

S-in.  c.  i.  pipe  (extra),  72  lin.  ft 4.00 

Section  3 — Outlet; 

12-in.   vitrified  pipe.   2,717  Un.   ft 95 

Manholes,   7    50.00 

Concrete,    8    cu.    yd 10.00 

Section  4 — Outlet: 

10-in.   vitrified  pipe,  1,215  lin.   ft 1.15 

12-in.    vitrified   pipe,   605   lin.  ft 1.00 

Manholes,    4    60.00 

Drop   manhole,   1    60.00 


CONSTRUCTING  SANITARY  SEWER  SYSTEM. 


.95 

45.00 
72.00 
85.00 


50.00 
60.00 
80.00 


(3) 
$0.95 
1.20 
1.10 
50.00 
60.00 
75.00 

.85 
.98 
1.00 
50.00 
60.00 
75.00 
2.50 


(4) 
$0.84 
1.68 
1.15 
43.00 
50.00 
70.00 


43.00 
50.00 
70.00 
2.00 


(5) 

$0.85 


48.00 
60.00 
85.00 


48.00 
60.00 
80.00 
2.75 


(6) 
$0.80 
1.00 
1.10 
50.00 
60.00 
90.00 

.75 


50.00 
60.00 
90.00 
3.00 


(28) 


1.10           1.19  .85 

45.00  43.00  48.00 

20.00  10.00  12.00 

1.00             .9414  .90 

1.00           1.30  .70 

45.00  43.00  40.00 

60.00  50.00  50.00 


(7) 
$0.79 

1.03 
.87 
50.00 
66.00 
90.00 


52.00 
66.00 
90.00 
5.00 


.76 
48.00 
66.00 


(9) 

$1.03 
1.24  V4 
1.017 

4S.65 

70.00 

63.38 

.85 


60.00 
68.00 
50.00 
2.00 


.97 
53.00 
41.00 
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Bridge  Work  Mcintosh  County,  Oklahoma. 

Proposals  were  opened  Sept.  17  at  Eufaula,  Okla., 
by  the  County  Clerk  of  Mcintosh  County,  for  bridge 
work.    The  bids  received  were  as  follows:   (1)  Stand- 

BID.S    RICCEIVEU    .SKPT.    17    BY    -MclNTOtiH    CUUNTY 
Haul, 
l^ridge  number,  size  and  type.  miles.     Quantity, 


ing  for  bid  of  Oklahoma  Bridge  Co.,  Oklahoma  City, 
Okla. ;  (2)  for  bid  of  Froebe-Gray  Construction  Co., 
Mu.skogee,  Okla.,  and  (3j  for  bid  of  Midland  Bridge 
Co.,  Kansas  City,  Mo. 


(Ji-oup  1 

Baptizing-  Creek — Concrete 
Repair    abutments    


Possum  Creek — Concrete 
Repair  abutments  .... 
It;    ft.    steel   span 


ft. — Concrete 


O-.'i-l— 2U  ft.— ..\rcb 


:;0  ft.— .\n'h 


.■\'-2-:j     5   ft. — Concrete  arch. 


.V-4-2 — 30   ft. — Concrete  arch. 


-0-13-1 — ;    2n-ft. — Concrete   arches. 


3J-9-13-1— JO  ft,— Concrete  girder. 


Croup  3 — 

I-T-2— 10    ft.— Cor 


1-6--1— 5    ft.— Concrete    arch. 


l-G-2— 10   ft.— Con 


C'-4-l— l.'i    ft.— Concrete    arch 


ft.— Concrete 


C'-o-l — in    ft. — Concrete   arch. 


X'-l-l— 2   10-ft.— Concrete 


AV-'f-l— 30   ft.— Concrete  .Trch. 


OKLAHO  M.\, 
grade   and  material. 


FOR  BRIDGE  WORK. 


4 -In. — Raise   bridge    

Concrete — 1:3:6—118  cu.  yd.. 
'/•  in.  square — 225  lb. — Steel 
920    ft.— Oak    lumber    


Total   $1,374.00 

1,928  ll3. — Structural  steel 

36    cu.    yd. — 1:3:6 — Concrete 

4,000  ft.   oak  luniber 

100  lbs.    40d   nails    

Hauling  and  erecting  20-ft.   span 

Total     .? 

400   yd.    dry   e.xcavation 

58  yd.   wet  excavation 

81    yds. — 1 :2 :4 — Concrete    

ri,489  lb.   V4  in.  sq.  steel 

2ti  20-ft.   timber  piles 


791.00 


$ 

50.00 

? 

GO. Oil 

12.15 

i:J.15 

6.90 

6.5S 

40.00 

47.00 

$1 

,536.58 

$1,679.00 

8.75 

8.70 

11.00 

16.91 

45.00 

50.00 

20.00 

T.OO 

50.00 

131.00 

$ 

854.00 

?l 

,123.00 

1.00 

0.T5 

3.00 

4.00 

18.00 

21.00 

6.90 

7.00 

0.65 

0.57 

K'. 3-2— 15    ft.. 


T-7-2— 15   ft— f^oncrete   arch 4-i: 


Total    $-i.952.00 

32.::   cu.    yd.    1:2:4   concrete 

62,4    yd.    1:3:6   concrete 

2.:I50  lb.   %  in.  sq.  steel 

Total   

50.74  yd.   1:2:4  concrete 

100  cu.  yd.  1:3:6  concrete 

5. 668  lb.   14  in.  sn.  steel 


16.00 
16.00 
6.90 


Total    $2,826.00 


Grand  total    $9,711.00 

11.42  cu.  yd.  1:2:4  concrete   

1.002  lb.    >/4  in.  sq.   steel 

Total    

56.74  yd.   1:^:4  concrete 

43.50  yd.  1:3:6  concrete 

5,000  lb.   M;  in.  sq.  steel 


Total   

59.35  yd.   1:2:4  concrete 

152.71  yd.  1:3:6  concrete 

S.91S  lb.    V^   in.   sq.   steel   

Total    $3,462.00     $3,837.50 

40  yd.  1:2:4  concrete   

178  vd.   1:3:5  concrete 

11,700   lb.    steel    


Total    .■ $3,710.00     $3,978.00 


Group   total    $5,621.00     $6,236.94     $6,457.00 

15.78  cu.   yd.   1:2:4  concrete 

16.22  cu.   yd.   1:3:6  concrete 

1,978  lb.   V4  in.  sq.  steel 


15.50 

20.65 

14.00 

18.05 

6.90 

6.93 

Total    $ 

11,14   cu.   yd.   1:2:4  concrete 

315  lb.  1^  in.  sq.  steel 


590.00 


.  yd.  1:2:4  concrete, 
yd.  1:3:6  concrete. 
'A  in.  .sq.  steel 


Total    

13.51    cu.    yd.    1:2:4   concrete. 
366  lb.  V4  in.  sq.  steel 


Total    

22.78  cu.  yd.  1:2:4  concrete.. 
10.84  cu.  yd.  1:3:6  concrete. 
1,911  lb.   yt.  in.  .sq.  steel 


Total    $    700,00 

i:'<,51   cu,  yd.   1:2:4  concrete 

:;C6   lb.    i^   in.    sq.    steel 

Total    $    278.00 

22.78  cu.  yd.   1:2:4  concrete 

15.82  cu.  yd,   1:3:6  concrete 

2,600  lb,   1/2  in.   sq.  steel 


Total $ 

26.87  cu.  yd.  1:2:4  concrete 

11.25  cu,  yd.  1:3:6  concrete 

3,400  lb.   14  in.  .sq,  steel 


$  621.75 
19.00 
6.90 

233.36 
16.25 
15.00 
6.90 


$  261,68 
18.00 
18.50 
6.90 

$  728.64 
18.00 
6.90 

$  268.43 
17.50 
16.00 
6.90 

$  821,17 
14.50 
13.50 


Total $    827.00 

56.74   cu.  yd.   1:2:4  concrete 

60  cu.  yd,  1:3:6  concrete 

4.700  lb.   %  in.  sq.  steel 


Total    $2,222.00 

23,56  cu.  yd,   1:2:4  concrete 

42.10  cu,  yd.   1:3:6  concrete 

3,080  lb.   \i  in.  sq.  steel '.. 


Total $1,162.00 

32.34  cu.  yd.   1:2:4  concrete 

36.67  cu.  .vd.   1:3:6  concrete 

3.332   lb,    J/2    in.   sq.    steel 


$  756.00 
21.37 
6.97 

$  260.00 
21.37 
18.72 
6.97 

$  581.00 
22.70 
7.00 

$  333.00 
21.98 
19.40 
7.00 

$  846.00 
22.70 
7.00 

$  333.00 
22.70 
20.07 
7.00 

$1,017.00 
20.65 
18.05 
6.93 

$  994.00 
20.74 
17.26 


$2,532.00 
18.55 
16.20 
6.81 

$1,328.00 
21.83 
17.18 
6.96 


Total $1,553.00     $1,316.00     $1,548.00 


Group    total 

(29) 


$0,068.00     $8,991.65  $10,528.00 
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Levee   Work   in    Upper   and   Lower   St.    Francis   and 
White  River  Levee  Districts. 

Bids  were  opened  Aug.  24  by  the  U.  S.  engineers  at 
Memphis,  Tenn.,  for  about  3,400,000  cu.  yd.  of  earth 
work  in  the  upper  and  lower  St.  Francis  and  the  White 
river  levee  districts.  The  bids  received  were  as  fol- 
lows, (1)  standing  for  Geo.  F.  Ramsey,  157  Clarke 
pi.,  Memphis,  Tenn.;  (.2)  for  Walter  Lee,  Charleston, 
Mo. ;    (3)   for  Roach,  Stansell,  Lowrence  Bros.  &  Co., 

B.  Blanks,  Vicksburg, 


Memphis,  Tenn.,  and  (4)  for  H. 
Miss.: 

I'ljper  St.  Francis  Levee  District: 
Sta.  .iu  to  31,  enlargement.  75.000  cu.  yd...$ 
Sta.  :!o  to  34,  enlargement,  50,000  cu.  yd... 
Sta.   38  to  37,  enlargement  and  set  back, 

115,000    cu.    yd 

.Sta.   40  to  43.   enlargement  and  set  back, 

214,000    cu.    yd 

Sta.  41  to  4S,  banquette,  300,000  cu.  yd... 
Sta.  83  to  87,  enlargement,  250,000  cu.  yd. 
Sta.  93  to  96,  enlargement,  100,000  cu.  yd. 

Lower  St.  Francis  Levee  District: 
Sta.  130  to  133,  banquette,  175,000  cu.  vd. 
Sta.  133  to  135,  banquette,  105,000  cu.  yd. 
Sla.  135  to  137,  banquette,  175,000  cu.  vd. 
Sta.  137  to  139,  banquette,  200,000  cu.  vd. 
Sta.  139  lo  140,   banquette,  165,000  cu. 


(1)        (2) 
.345  $0.33 


168 

CU.  yd. 
Sta.     171 

cu.  yd. 
Sta.     173 

ou.  yj. 
St.a.     175 

cu.  yd. 
Sta.     177 

cu.  yd. 
Sta.     179 

cu.   yd. 


lo     169, 


179, 
'  180,' 


enlarg-ement, 
enlargement, 
enlargement, 
enlargement, 
enlargement, 
enlargement, 


125,000 


140,000 


.25* 

.291/^* 
.20y2» 
.29^4* 
.2914* 
.29%' 

.46* 


170,000 

ieb^ooo 
ib's'.ooo 
iboiooo 


White  River  Levee  District: 
Sta.    52   to   53,   new   loop   and   banquette, 

250,000    cu.   yd 

Sta.    61    to  C2,    new   loop   and   banquette, 

133.000    cu,     yd 


'Recommended  lor  acceptance. 


State  Highway  Construction,  California. 

The  accompanying  tabulation  is  a  summary  of  the 
unit  bidding  prices  on  the  principal  items  involved 
in  the  construction  of  sections  of  state  highway  in 
California.  The  bids  on  Jobs  1  and  2  were  opened 
on  Sept.  4;  bids  on  the  other  three  jobs  were  opened 
Oct.  8. 

Job  No.  1  covers  Section  B  of  Route  3,  Division  II, 
and  is  located  in  Shasta  County.  The  bidders,  in  the 
order  given  in  the  table,  were  Palmer  &  McBryde,  San 
Francisco;  Richard  Rothwell,  Los  Angeles,  and  Ties- 
lau  Bros.,  San  Francisco.  On  this  job  the  State  fur- 
nishes pipe  railing,  reinforcing  steel,  wire  mesh  re- 
inforcement, corrugated  metal  pipe,  Portland  cement, 
and  material  for  new  fences. 

Job  No.  2  covers  Section  D  of  Route  12  in  Division 
VII,  and  is  located  in  San  Diego  County.  The  bidders 
were:  Holland  Construction  Co.,  San  Diego;  W.  M. 
Ledbetter,  Los  Angeles;  C.  L.  Hyde  Construction  Co., 
San  Diego,  and  Richard  Rothwell,  Los  Angeles.  The 
State  furnishes  pipe  railing,  reinforcing  steel,  corru- 
gated metal  pipe  and  Portland  cement. 

No.  3  covers  Section  A  of  Route  3,  Division  III,  in 
Butte  County.  The  only  bidder  on  this  contract  was 
the  Municipal  Improvement  Co.,  Richmond,  Cal.  On 
this  job  the  State  furnishes  pipe  railing  for  culverts, 
reinforcing  steel,  Portland  cement,  corrugated  metal 
pipe,  sand  and  coarse  aggregate. 

Job  No.  4  covers  Section  C  of  Route  1  of  Division 
IV  and  is  located  in  Sonoma  County.  The  Municipal 
Improvement  Co.,  Richmond,  Cal.,  was  the  only  bid- 
der on  this  contract.  For  this  job  the  State  furnishes 
material  estimated  to  cost  $81,312,  and  including  pipe 
railing  for  culverts,  reinforcing  steel,  wire  mesh  or 
deformed  bars  for  reinforcement  for  pavement,  cor- 
rugated metal  pipe,  Portland  cement,  sand  and  coarse 
aggregate  for  concrete. 

Job  No.  5  covers  Section  A  of  Route  I,  Division  IV, 


in  Marin  County.  The  four  bidders  on  this  job  were 
F.  Rolandi,  San  Francisco;  Palmer  &  McBryde,  San 
Francisco;  A.  J.  Fairbanks,  Willitts,  Cal.,  and  Ed- 
mund J.  Tracy,  San  Francisco.  The  State  furnishes 
for  this  job  material  e.stimated  to  co.st  $103,855.  This 
includes  pipe  railing  for  culverts,  reinforcing  steel, 
reinforcement  for  pavement,  corrugated  metal  pipe, 
Portland  cement,  sand  and  coarse  aggregate  for  con- 
crete. 

BIDDING  PRICES  ON   STATE  HIGHWAY  CONSTRUCTION   IN 
CALIFORNIA. 
EXCAVATION  WITHOUT  CLASSIFICATION   (Pe 


Job  2.  Job  3. 

25,500  10,500 

$0.60  $0.75 

0.89%  0.99 
0.80 

0.8714  .... 


Yd.). 
Job  5. 
97,000 


Job  1. 

Cubic    yards     57,000 

Engineer's    estimate    $0.55 

Bidder  No.  1   0.80 

Bidder  No.  2   1.25 

Bidder  No.   3    0.S3 

Bidder  No.   4    

12-IN.    CORRUGATED    METAL   PIPE    (Per    Lin     Ft.). 

Lineal    feet     2,200         120              32  738 

Engineer's    estimate    $0.60         $0.70         $0.60  $0.60 

Bidder  No.   1    0.90         0.60           0.60  0.60 

Bidder  No.   2   1.00         <0.80 

Bidder  No.  3   U.60         0.60 

Bidder  No.  4 (1.75 

18-IN.  CORRUGATED  MET.\L  PIPE  (Per  Lin.  Ft.), 

Luieal    feet     1,000            784              60            370  338 

Engineer's  estimate   $0.75         $0.85         $0.90         $0.80  $0.80 

Bidder  No.   1    1.00           0.90           0.80           0  80  0.80 

Bidder  No.  2    1,25           1.00         1.00 

Bidder  No.  3    0.80           1.00         0.80 

Bidder  No.   4    1.25         1.50 

CONCRETE,  CL.\SS  A,  P.4VEMENT  MONUMENTS  (Per  Cu.  Yd.) 

Cubic    yards    460            146         7,600       12,200  15,700 

Engineer's    estimate    .$14.00       $18.50         $4.00         $5.00  $5.00 

Bidder   No.    1    17.50         15.00           5.74           5.60  4.80 

Bidder  No.   2   24.00         17.00         4.90 

Bidder  No.   3    19.50         15.00         7.00 

Bidder  No.   4    24.00         4.00 

CONCRETE,  CLASS  A.  CULVERTS  AND  MONUMENTS 
(Per  Cu.  Yd.) 

Cubic     yards     150            850  795 

Engineer's    estimate    $10.00      $12.50  $12.50 

Bidder  No.  1 12.50         12.50  15.00 

Bidder  No.   2 15.00 

Bidder  No.  3 16.00 

Bidder  No.   4 6.00 


REINFORCEMENT    FOR   PAVEMENT    (Per   100    Sq.    Ft.). 


Cubic  yards 

Engineer's     estimate     

Bidder  No.  1 

Bidder  No.  2 

Bidder  No.  3 

Bidder  No.  4 

GUARD   RAIL  (Per   Lin. 

Lineal    feet    1,500 

Engineer's    estimate    $0.60 

Bidder  No.   1   0.60 

Bidder  No.   2   0.60 

Bidder  No.  3    0.75 

Bidder  No.  4   0.90 

MONUMENTS    (Each) 

Each    156  190 

Engineer's    estimate    $1.00        $0.60 

Bidder  No.   1    1.00  1.20 

Bidder  No.  2   2.00  1,25 

Bidder  No.   3    1.50  1.50 

Bidder  No.   4    2.00 


Ft.) 

200 
$0.35 
0.40 


482,000 
$0.15 
1.75 


8,000 
$0.40 
0.40 


195,000 
$0.15 
1.50 
0.30 
2.00 
0.50 

5,225 
$0.40 
0.50 
0.50 
0.50 
0.70 

201 
$0.50 
1,00 
1.50 
1.00 
7.00 


(30) 


Reinforced  Concrete  Bridges,  Macon  County,  Georgia. 

Bids  were  opened  Oct.  10  at  Oglethorpe,  Ga.,  by  the 
Commissioners  of  Macon  County  for  the  construction 
of  reinforced  concrete  bridge  under  the  plans  of 
Arthur  Pew,  consulting  engineer,  Atlanta,  Ga.  The 
contracts  were  awarded  as  follows: 

(1)  50  ft.  arch  over  Beaver  Creek  (%  mile  from  depot  in 
Montezuma)   to  Luten  Bridge  Co.,  York,  Pa.,  at  $3,497. 

(2)  Two  60  ft.  arches  over  Buck  (about  1  mile  from  Ogle- 
thorpe) to  Luten  Bridge  Co.,  at  $8,798. 

13)  100  ft.  bridge  over  Whitewater  Creek  ('4  mile  from  depot 
in  Ideal)   to  H.   B.  Hoppendietzel  Co.,   Macon,  Ga.,  at  $7,334. 

(4)  100  ft.  bridge  over  Hog  Crawl  Creek  (about  3V-  miles  from 
Darling)   to  H.   B.   Hoppendietzel.   at  $7,114. 

The  foundations  for  the  bridges  will  be  in  clay 
ground.  Average  height  from  top  of  floor  of  bridge 
to  bottom  of  footing  is  17  ft.  for  No.  1,  22  ft.  for  No. 
2,  19  ft.  for  No.  3,  and  18  ft.  for  No.  4.  All  the  bridges 
except  Nos.  1  and  2  consist  of  24-ft.  spans  of  deck 
girder  type  with  slab  floor.  The  roadway  is  18  ft.  and 
the  grade  of  the  road  generally  about  18  ft.  above  the 
bed  of  the  stream.  Ideal  and  Dooling  are  stations  on 
ihe  A.,  B.  &  A.  Ry. ;  Oglethorpe  and  Montezuma  are 
on  the  A.,  B.  &  A.,  and  also  on  the  Central  of  Ga.  Ry. 
There  are  excellent  roads  to  all  of  these  bridges. 
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Pacific  Highway,  Washington. 
Bids  were  opened  Oct.  1  by  the  State  Highway  Com- 
missioner, Olympia,  Wash.,  for  the  construction  of  a 
section  of  the  Pacific  highway  in  Skagit  County,  from 
Blanchard  to  Burling,  Sta.  290+55  to  Sta.  348+98. 
The  unit  bidding  prices  on  this  work  were  as  follows, 
(1)  standing  for  bid  of  J.  R.  Wood,  Seattle  (awarded 
contract),  (2)  for  bid  of  Skagit  Construction  Co.,  Mt. 
Vernon,  Wash.,  (3)  for  bid  of  Chas.  G.  Huber,  Seattle, 
Wash.: 

Items.  Ill  (2)  l,a) 
Common   excavation,    incl.    haul    of    lUO    ft., 

6.020  eu.  yd .?0.4n  $0.70  ?0.45 

Loose    rock    e.-ccavation,    incl.    haul    of    400 

ft.,    rll.    yd 1.00  1.50  .80 

Solid  rock  excavation,  incl.  haul  of  400  ft.. 

3,3.i0  cu.  yd 2.00  2.50  2,2."> 

Overhaul    on   any   of   above    materials   per 

each  100  ft.,  cu.  vd 02  .0.S  .03 

Clearing.    0.63    acre 100.00  100.00  150.00 

Grubbing-.    0.13    acre lOn.OO  150.00  l.')0.0(i 

Riprap,   hand   placed,   cu.   yd 5.00  4.00  4.50 

Timber  and  plank  in  place,  incl.  spikes  and 

bolts,    316    M.    B.    M 43.50  34.00  43.00 

Piling:  cedar  above,   lin.   ft 20  .10  .20 

Piling  cedar  below,  12,000  lin.   ft 61  .4.t  .6.-) 

Plain  concrete  pipe  in  place,  12"  diam.,   6ft 

lin.    ft 1.50  3.00  1.49 

Undergrade    crossing,    59-ft.      span,      lump 

sum    2,5.i0.00  4.000.00  2.687.no 

Surfacing-,   1,SS0  cu.   yd 2.10  2.70  2.2.-i 

Totals    $36,838  $38,071  $3S,75I 


Sanitary  Sewer  System;  Oakland,  Neb. 

Bids  were  opened  Oct.  2  by  the  city  of  Oakland, 
Neb.,  for  the  construction  of  a  sanitary  sewer  system 
under  plans  of  P.  A.  Edquist,  Engineer,  Omaha,  Neb. 
The  trenching  will  be  machine  work.  Digging  is  good 
pnd  no  water  will  be  encountered,  no  bracing  required. 
The  ma.ximum  cut  is  22  ft.,  the  minimum  cut  3  ft.,  and 
the  average  cut  10%  ft.  The  unit  bids  received  were 
as  follows,  (1)  standing  for  bid  of  Compstock  &  Han- 
sen, Cedar  Rapids,  la.;  (2)  for  Katz  Construction  Co., 
Omaha,  Neb.  (awarded  contract)  ;  (3)  H.  J.  Petersen, 
Omaha,  Neb.;  (4)  A.  Caniglia,  Omaha,  Neb.;  (5)  W. 
S.  Scott,  Lincoln,  Neb.;  (6)  M.  S.  Jackson,  Rapid  City, 
la.;  (7)  A.  D.  Sears,  Fremont,  Neb.  (8)  James  P.  Con- 
nolly, Omaha,  Neb. ;  (9)  Cady  &  Savonell,  Sioux  City, 
la.;  (10)  Peter  N.  Kruse,  Spencer,  la.;  (11)  W.  B. 
Carter,  Sioux  City,  la.;  (12)  E.  P.  Donahue,  Omaha, 
Neb.: 


RID.S    KECL;1VED    OCT.    2    BY    THE    C 

Items  and  Quantities. 

Pipe   Lines.  (1) 

6-in.  pipe  se-n'er,    196   lin.    ft $0.60 

S-in.  pipe  .sewer,    18.789    lin.    ft 70 

10-in.  pipe  sewer,    2,901    lin.    ft 85 

12-in.  pipe  sewer,    6,890    lin.    ft 95 

15-in.  pipe  sewer.    I.IIS    lin.    ft 1.50 

IS-in.  pipe  sewer,    1,292    lin     ft 2.25 

Total    for    pipe    lines    $26,862 

Miscellaneous — 
10-in.  cast  iron  pipe  sewer,  36  lin.  ft.     $3.00 
12-in.  cast  iron  pipe  sewer,  72  lin.  ft.       3.50 

Cast    iron,    44,250   lbs 0-t 

63   manholes,   702  vert,    ft.,   each    . . .     38.00 

6  drop  manholes.  89  vert.   ft.,  each.     43.00 
17  flush    tanks    175    vert,    ft.,    each..     70.00 

3  lamp  holes.  25  vert.   ft.,   each   . . .     10.00 

Reinforced    con.    culvert,    1    200.00 

Concrete   bulkhead,    1    40.00 

Total    miscellaneous     $6,242 

Sundries — 
Extra  Y  junction.  6-in.  x  6-in.,  each  $1.00 
Extra  Y  junction,  6-in.  x  S-in.,  each  1.00 
Extra  Y  junction,  6-in.  x  10-in.,  each  1.25 
Extra  Y  junction,  6-in.  x  12-in.,  each  1.40 
Extra  Y  junction,  6-in.  x  15-in.,  each  2.00 
Extra  Y  junction,  6-in.  x  IS-in.,  each       3.00 

Cast  iron  pipe,  per  pound   .06 

Wrought    iron,    per   pound    10 

Lead  pipe,  per  lin.  ft 50 

Concrete,   per  cu.   yd 12.00 

Gravel,   per.    cu.   yd 3.00 

Sand,    per    cu.    yd 2.50 

Broken    stone,   per  cu.    yd 3.00 

Oak   piling,    per  lin.    ft 1.50 

Pine  lumber,  per  1,000  B.   M 40.00 

Extra    grading,    per   cu.    yd 70 

Extra   trench   digging,   per   cu.   yd...         .75 

Brick    masonry,   per  cu.   yd 15.00 

Rubble   stone,    per  cu.    yd 10.00 

4-in.   drain   tile,   per   lin.   ft .25 

1-in.  galv.   iron  pipe,   per  lin.  ft 75 

Grand    totals    $33,104 


Gravel  Bitulithic  Pavement,  Salt  Lake  City,  Utah. 

Bids  were  received  Sept.  27  by  the  engineering  de- 
l)artment  of  Salt  Lake  City,  Utah,  for  "Paving  Exten- 
sion No.  138"— Oilman  Drive,  lltti  E.  to  12th  E.  Sts. 
The  unit  prices  were  as  follows,  (1)  standing  for  bid 
of  Strange-Maguire  Paving  Co.,  (2)  Ryberg  Bros.,  and 
(3)   P.  J.  Moran: 

Abutters'    portion —                                                        (i)  (2)  cii 

Excavation.   175  cu.    yd $0.80  $0.9.".  $0.90 

Excess  enib.,  125  cu.  yd 90  .05  90 

Gravel  fill,  SO  cu.  yd 2.00  1.75  1.50 

Cement  curb,  steel  reinforced.,  lin.  ft. — 

H"xl6"   cvd.,    14.9    lin.    ft 80  S3  85 

6"xl6"— 18"  G.  cvd..  147.3  lin.   ft 1.30  1.25  L25 

Cement  curb,  plain — 

6"xl6".   52.9   lin.    ft .    .60  .33  35 

6"xl6"   cvd.,    27.2    lin.    ft 70  70  7(1 

6"xl6"— 18"   gut.,    1,402    lin.    ft 1.05  1.02  100 

6"xl6"— 18"  G.  cvd.,  666.9  lin.  ft 1.15  1.20  1.20 

6"x25",  20  lin.  ft 80  .75  70 

6"x24"   cvd.,    14   lin.    ft 90  .90  80 

6"x24"— 18"  G.,  10  lin.  ft 1.30  1.20  120 

6"x24"— 18"  G.  cvd.,   10  lin.   ft 1.40  1.35  1.35 

False  C.   &  G.   cvd..   14   lin.   ft 1.40  1.30  140 

False  C.  &  G..  20  lin.  ft 1.50  1.20  I'.Sr, 

IS"   gutter,    4.3    lin.    ft 60  .60  .50 

18"  gutter,   cvd..   81.2   lin.   ft 70  .70  .60 

Pavement-wearing  surface — 

2"   gravel    bitul.,    2,755    sq.    yd 1.35  1.42  1.45 

Extra   bitul.,   5   cu.    yd 20.00  18.00  17.00 

i"  bitum.  macad.  base,  2.288  sq.  yd 63  .65  .68 

6"  concrete  base.  467  sq.  yd 1.00  1.05  .95 

6"  concrete  pavement,  62  sq.  yd 1.Y5  1.75  1  SO 

4"  cement  sidewalk,    100  sq.  ft 17  .16  .15 

Removing  old   pavement,   c.  and  g..   etc., 

47   cu.    yd 3.00  .1.30  2.73 

Mortar  rubble  retaining  wall.  11  cu.  yd..     15.00  16.00  17.00 

Concrete  capping.   Class  A.  1.15  cu.   yd..     13.00  17.50  17.00 

Concrete    around    pipes,    2.1    cu.    yd 9.00  8.00  11.00 

3713— 15"x20"  C.  O.  box,  C.  I.,  cov.,  2 35.00  32.50  30.00 

5715—18"  C.  O.  box,  C.  I.  cov.,  1 38.00  37.50  35.00 

4756—16"  C.  O.  box,  A.  F.   cov.,  2 40.00  37.50  35.00 

5851— Curb    inlet    box,    1 20.00  25.00  20.00 

6"  drain  tile.   300  lin.   ft 40  .60  .3ft 

12"  vit.   pipe,    201.8   lin.    ft 90  1.00  .95 

.Vltern.:  12"  cement  pipe.  201.8  lin.  ft....       1.00  1.00  .93 

12"  W.    I.    pipe,    47    lin.    ft 7.25  7.50  S.OO 

Reset  C.   O.   box  cover,  1 10.00  10.01)  10.00 

r'x6"  G.   T..   19   lin.    ft .30  .23  ..'in 

I"xl0"   G.    T.,    120    lin.    ft 40  .38  .45 

clean  out  and  fill  trees  with   concrete,   2     12.50  15.00  15.00 

Total    abutters'    portion $10,201  $10,563  $10,553 

City's   portion — 

Excavation,    175    cu.    yd SO  .93  .90 

Excess   emb.,   125   cu.   yd 90  .95  .90 

Pavement — 

2"  bitul.   top,   256.5   .sq.   yd 1.35  1.42  1,43 

4"  bitum.  macad.   base,  256.5  sq.  yd 63  .65  .68 

Total,   city's  portion $760.00  $815.00  $816.00 

Total    contract    $10,961  $11,379  $11,370 


TY    OK 

•    OAKLAND,    NEB..  FOR  CONSTRUCTING  A  .SAN[T.\RY 

SEWER  SYSTEM. 
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$0.75 

$0.90 

$0.65 

$0.60 

$0.80 

$0.35 

.75 

.45 

1.25 

.90 

1.00 

1.00 

.75 

.80 

1.00 

.45 

1.00 

.55 

1.50 

1.00 

1.25 

1.20 

1.00 

1.20 

1.40 

.60 

1.25 

.70 

1.75 

1.00 

1.75 

1.50 

1.20 

2.00 

1.60 

.7(1 

1.75 

1.15 

2.50 

1  00 

2.50 

2.50 

1.50 

3.00 

1.80 

1.0ft 

2.00 

1.40 

3.25 

1.00 

3.50 

3.50 

2.00 

4.00 

2.00 

1.6ft 

.05 

.05 

.06 

.04 

.10 

.05 

.035 

.045 

.05 

.ft7 

.05 

.18 

.06 

.OS 

.10 

.10 

.08 

.045 

.OS 

.07 

1.90 

1.35 

.75 

.30 

.50 

1.00 

.40 

1.10 

.70 

1.20 

12.00 

18.00 

12.00 

8.00 

13.50 

12.00 

18.00 

17.00 

18.00 

12.00 

2.00 

4.50 

3.00 

3.00 

2.00 

4.00 

4.00 

3.00 

4.00 

3.50 

2.00 

3.50 

2.00 

2.00 

1.50 

•3.00 

3.00 

3.00 

3.00 

3.00 

3.50 

4.50 

4.00 

2.00 

3.50 

4.00 

4.00 

5.00 

5.00 

4.00 

1.00 

1.00 

1.00 

2.50 

1.00 

1.00 

.09 

1.25 

1.00 

55.00 

55.00 

30.00 

40.00 

60.00 

40.00 

50.00 

40.00 

60.00 

30.00 

.75 

1.00 

.50 

.60 

.50 

.40 

.60 

60.00 

.60 

.60 

1.00 

1.25 

.75 

.60 

.60 

.SO 

.90 

75.00 

1.00 

1.00 

15.00 

18.00 

5.00 

9.00 

12.00 

IS.OO 

18.00 

20.00 

18.00 

14.00 

12.00 

12.00 

9,00 

13.50 

18.00 

18.00 

20.00 

25.00 

20.00 

$31,118     $31,432     $31,790      $37,279     $41,517     $33,962     $31,939       $34,371     $34,212     $34,252     $31,321 
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Reinforced    Concrete    Highway    Bridge,    Prairie    du 
Chien,  Wis. 

Bids  were  opened  August  20  by  the  Prairie  du  Chien 
&.  Wynlusing  Bridge  Co.,  of  Prairie  du  Chien,  Wis.,  for 
labor  and  material  for  construction  of  a  reinforced 
concrete  highway  bridge,  under  plans  of  J.  H.  A. 
Brahtz,  Consulting  Engineer,  St.  Paul,  Minn.  The 
bridge  will  consist  of  four  110  ft.  and  two  101  ft.  para- 
bolic truss  spans  of  reinforced  concrete,  and  a  60  ft. 
clear  bascule  draw  span.  Bids  also  were  received  for 
about  40,000  cu.  yds.  of  earth  fill  for  approaches.  The 
bids  received  were  as  follows: 

N.  P.  Bransen.  St.  Paul.  Lump  suiu,  $tJ2,700.  Unit  prices: 
Kast  foot  increase  of  width  in  roadway,  $30.00;  per  cu.  yd.  of, 
concrete,  $25.00:  steel  in  place,  10  ct. :  piles,  per  lin.  ft.,  90  ct.; 
e.\cavation,  $1.00;  curb,  per  lin.   ft.,  50  ct. 

Geo.   J.   Grant,   St.    Paul.      Lump  sum.    $S4,000.     No    unit   prices. 

Illinoi.s  Stiel   Bridge  Co.     15  per  cent  of  actual  co.=it. 

SiemF-Helmer  &   Schafner.     .S  per  cent  of  actual  cost. 

These  bids  include  the  actual  concrete  work  with  an 
estimated  yardage  of  1900  cu.  yd.  and  210  tons  of  steel 
and  piling  under  all  piers  and  a  2-leaf  60  ft.  clear 
Scherzer  rolling  light  span.  The  bids  did  not  include 
anj'  grading  in  connection  with  the  bridge,  this  being 
let  under  separate  contract.  The  grading  included 
.-bout  40,000  yd.  for  which  a  price  of  32  ct.  a  yard  was 
submitted  by  the  La  Crosse  Dredging  Co.  Most  of  this 
yardage  could  be  pumped  out  of  the  river  but  had  to 
be  transported  over  about  ^2  mile  maximum  haul. 
Crushed  rock  could  be  delivered  at  the  site  for  approx- 
imately $1.75  per  yard.  Sand  could  be  obtained  at  the 
site  from  the  river  bottom.  All  material  and  tools  had 
to  be  transported  about  1  mile  from  the  Milwaukee  and 
C,  B.  &  Q.  Ry.  companies'  siding.  The  river  bottom 
consists  of  fine  sand  and  deeper  down  quicksand, 
which,  however,  would  not  interfere  with  the  con- 
struction of  said  bridge,  only  occurring  about  40  ft. 
below  the  river  bed. 


Levee,  Work  Mississippi  River  Commission,  Third  Dis- 
trict, Vicksburg,  Miss. 
Bids  were  received  Sept.  4  at  Vicksburg,  Miss.,  by 
the  Mississippi  River  Commission,  Third  District,  for 
about  1,100,000  cu.  yd.  levee  work.  It  was  recommend- 
td  that  contracts  for  the  work  in  the  Rosedale  levee. 
500,000  cu.  yd.,  be  awarded  to  Geo.  F.  Ramsey,  Mem- 
phis, Tenn.,  and  the  remainder  of  the  work  to  W.  T.  & 
E.  M.  Lowrence  &  Co.,  Memphis.  The  bids  received 
V.  ere  as  follows : 


Cts. 

Regular     32.9 

Percentage    ..26.4 

Regular     

Regular     

Regular     

Regular     39.5 

Regular     

Percentage     

Regular     47.5 

Regular     44.70 

Names  and  Address 


Cts. 
32.0 
26.4 


Cts.      Cts.      Cts.      Cts.      Cts. 


47.5       33.75     37.34     37.34     29.45 


44.70 


2S 


2S 


26 


24.5 
17.5 
29.45 


Ramsey,   Mem- 


of  Bidders:  (1)  Geo. 
phis.  Tenn.  Bids  all  or  none  on  Rosedale;  all  or  none  on  EUesle 
Shipland.  and  Tallula.  and  all  or  none  on  Tennessee.  (2)  S.  K. 
Hughes  Con.struction  Co.,  Vicksburg,  Miss.  (3)  Jno.  G,  Sessions. 
Memphis,  Tenn.  Bids  both  or  none  on  Ellesley  &  Shipland.  (4) 
W,  T.  Eeauchamp,  Vicksburg,  Miss.  (5)  .1.  A.  Burt.  Gunnison. 
:^^iss.  (6)  Helgason  Bros..  Vicksburg,  Miss.  (1)  R.  T.  Clark  & 
Co..  Natchez,  Miss.  Bids  all  or  none  on  Rosedale;  all  or  none 
on  Tallula,  and  all  or  none  en  Tennessee.  (81  W.  T.  &  E.  M. 
Lowrence  &  Co..  Memphis,  Tenn.  Bid  both  or  none  on  Rosedale: 
and  all  or  none  on  remaining  si.x  pieces  of  work.  (9)  Hercules 
Co.,  Ltd..  New  Orleans,  La.  Bid  received  after  opening.  Bid 
only  on  Sec.  2,  Rosedale,  at  41  ct.  Cost.  $102,500.  Regular  basis. 
Bidder  No.  1  proposed  to  place  100  teams  on  the  work  on  the 
percentage  basis.  Bidder  No.  6  proposed  to  place  scraper  team 
outfit  on  the  work  on  the  percentage  basis. 


Willows  and  Poles,  U.  S.  Engineer  Office,  New  Orleans. 

Contract  for  furnishing  District  Engineer  at  New 
Orleans,  La.,  of  U.  S.  War  Department,  with  willows 
and  poles,  fiscal  year  1918,  has  been  awarded  to  R. 
M.  Murphy  Co.,  Inc.,  Venice,  La.  Price  for  willows, 
^1.75  per  cord.  Price  for  poles,  |4  per  cord.  Contract 
is  dated  Aug.  22,  1917. 


.4sphaltic    Concrete  and  Concrete  Pavement,  Charles- 
ton, Mo. 

The  city  of  Charleston,  Mo.,  early  in  October  award- 
ed an  $80,000  street  paving  contract  to  A.  R.  Young  & 
Co.,  Lawrence,  Kan.,  at  the  following  prices:  $2.02 
per  sq.  yd.  for  2  in.  asphaltic  concrete  on  4  in.  concrete 
base,  $1.50  per  sq.  yd.  for  one  course  5  in.  concrete; 
72  cts.  per  lineal  ft.  for  combined  curb  and  gutter. 


Seawalls,  Fort  Warren,  Boston,  Mass. 

Bids  as  follow  were  received  October  4  by  the  U.  S. 
Engineer,  Boston,  Mass.,  for  the  construction  of  sea- 
wells  at  Fort  Warren,  Boston  Harbor,  Mass.:  (1)  Bid 
of  H.  P.  Converse  &  Co.,  88  Broad  street,  Boston, 
Mass.;  (2)  bid  of  Bay  State  Dredging  &  Constructing 
Co.,  247  Atlantic  avenue,  Boston,  Mass.: 


U) 

Seawall.   Type   1,   Sec.   .\.-B,   54  liu.   ft $87.00 

Seawall,  Type  1,   Sec.   C-D,  .iS3  lin,  ft 54.00 

Seawall,   Type  2.  140  lin.   ft 19.00 

Seaw  all,  Type  3,  21S  lin,  ft 56.00 

Extra  excavation,   per  cu.   yd l.GO 

Concrete,   per  cu.  yd 12.00 


12) 
$75.00 
.50.00 
12.00 
30.00 
2.00 
lO.Ou 


State  Road,  Washington. 

Bids  were  received  Oct.  1  by  the  State  Highway 
Commissioners,  Olympia,  Wash.,  for  the  construction 
of  State  Road  No.  21  in  Kitsap  and  Meson  Counties, 
from  Charleston  to  Clifton,  Sta.  0  to  Sta.  524.  The 
bidding  prices  were  as  follows,  (1)  standing  for  bid 
of  David  Govan,  Port  Angeles,  Wash,  (awarded  con- 
tract) ;  (2)  bid  of  Geo.  A.  Bandaret,  Bryn  Mawr, 
Wash.;  (3)  Hans  Pederson  Construction  Co.,  Seattle, 
Wash.;  (4)  W.  O.  Bulette,  Bremerton,  Wash.;  (5) 
Sloane  Bros.,  Seattle,  Wash.: 

Item.  (1)  V2)  (Zi  (4)  (.-.) 

E.xcavation.    incl.    haul    of 


400  ft..  123,640  cu.  yd. 

Overhaul  on  above  mate- 
rial per  each  100  ft., 
118,400  cu.  yd 

Clearing,  43.1  acres 

Grubbing.    29.1    acres 

Riprap,  hand  placed,  cu, 
yd 

Slope  wall,  cu.  yd 

Guard  rail  in  place,  incl. 
spikes  and  bolts,  lin.  ft. 

Timber  and  plank  in 
place,  incl.  spikes  and 
bolts.  52.16  M.  B.  M 

Piling  ffir)  above,  lin.  ft.. 

Piling  ■  ffir)  below,  1,360 
lin.   ft 

Piling    (cedar)above,lin.tt. 

Piling    (cedar>below.lin.ft. 

Logs  for  cribbing,  lin.   ft. 

Logs  for  culverts.  5.060 
lin.    ft 

Plain  concrete  pipe  in 
Place,  12"  diara.,  890  lin. 


$    0.30     $     0.39     $     0.35     $     0.39     $     0.: 


ft. 


Ke 


Surfacing.   13,560  cu.  yd.. 
Porous  Mle  drain,  6"diani. 


4.00 
1.50 


Porous  tile  drain,  8"diani. 


(32) 


Totals    -$78,006  $102,376     $92,002     $92,725  $113,' 
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ATTENTION! 
Turn  back  three  pages  to  advertising  page  20. 
The  publishers  of  Engineering  and  Contracting 
have  there  printed  a  message  that  should  interest 
you. 


How  a  Contractor  Promoted  the 
Resurfacing  of  Pavements 

The  Murray  Construction  Co.,  paving  contractors  of 
Knoxville,  Tenn.,  recently  did  some  pavement  promo- 
tion work  that  merits  attention.  There  were  certain 
old  and  badly  worn  brick  pavements  in  Knoxville, 
some  of  which  had  been  laid  in  1892  on  a  6-in.  natural 
cement  concrete  base.  The  Murray  Construction  Co. 
requested  permission  from  the  City  Commission  to 
be  allowed  to  surface  a  section  of  old  brick  pavement 
with  asphalt,  as  an  object  lesson,  and  without  cost 
to  the  city.  The  Commission  naturally  granted  the 
request,  and  a  few  months  later,  pleased  at  the  result, 
called  for  bids  to  resurface  several  brick  street.s  with 
asphalt. 

While  our  object  in  citing  this  case  is  to  indicate 
to  other  contractors  the  possibilities  that  such  pro- 
motion work  offers,  it  is  of  interest  to  note  that  the 
Murray  Co.  placed  the  asphaltic  binder  coat  directly 
on  the  old  brick,  after  sweeping  the  brick,  and  thus 
filled  up  the  holes.  Then  a  Trinidad  asphalt  wearing 
surface  \\'-2  in.  thick  was  laid,  and  it  gave  such  satis- 
faction that  practically  all  the  brick  streets  of  Knox- 
ville have  been  thus  resurfaced,  totaling  75,000  sq.  yd. 

Incidentally,  the  Murray  Construction  Co.  submitted 
the  lowest  bids  on  much  of  the  work. 

Nearly  every  city  has  a  considerable  mileage  of  old 
pavements  badly  in  need  of  resurfacing.  Local  con- 
tractors could  frequently  influence  taxpayers  to  de- 
mand resurfacing,  were  the  proposed  method  illus- 
trated by  such  an  object  lesson  as  the  Murray  Con- 
struction Co.  gave.  In  these  times  perhaps  it  would 
be  feasible  to  secure  the  work  on  a  "cost  plus  a  fee" 
contract. 


Natural  vs.  Portland  Cement  For 
Pavement  Bases 

The  function  of  a  pavement  base  being  primarily 
to  distribute  wheel-loads  over  the  subgrade,  it  is  ap- 
parent that  the  most  economic  means  of  securing  this 
result  should  be  adopted.  Waterbound  macadam  has 
often  been  used  as  a  base  for  pavements,  and  doubt- 
less would  be  used  more  frequently  were  engineers 
to  study  its  possibilities  more  carefully.  Natural  ce- 
ment concrete  was  used  almost  exclusively  for  the 
base  of  the  best  types  of  pavement  until  the  price  of 
Portland  cement  became  low  enough  to  attract  the 
attention  of  city  engineers. 

In  short,  macadam,  natural  cement  concrete  and 
Portland  cement  concrete  make  satisfactory  pave- 
ment bases.  Hence  the  choice  of  any  one  of  the  three 
should  ordinarily  depend  on  the  first  cost  per  square 
yard. 

The  commonly  specified  mixes  are  1:2:5  for  a  nat- 
ural cement  concrete  and  1:3:6  for  a  Portland  cement 
concrete  base  6  in.  thick.  Hence  it  requires  about  a 
quarter  of  a  barrel  more  of  natural  than  of  Portland 
cement  per  cubic  yard  of  base.  Therefore  if  Port- 
land cement  costs  more  than  25  per  cent  in  excess,  of 
the  cost  of  natural  cement  delivered  on  the  job,  and 
if  the  above  mixes  are  the  standards,  the  engineer 
should  give  consideration  to  the  use  of  natural  ce- 
ment. 


Mixing  Gravel  and  Clay  in  a  Con- 
crete Mixer  for  Use  on  Roads 

River  gravel  requires  the  addition  of  a  clay  binder 
to  make  a  satisfactory  road  surface.  Usually  the  clay 
is  spread  over  the  gravel  and  puddled  into  its  inter- 
stices by  sprinkling,  assisted  by  harrowing.  But  the 
thought  suggests  itself  that  by  using  a  concrete  mixer 
sufficiently  better  results  would  be  secured  to  justify 
the  added  cost. 

A  mix  consisting  of  15  per  cent  clay,  25  per  cent 
sand  and  60  per  cent  gravel  could  be  run  through  a 
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concrete  mixer  and  compacted  with  rollers  so  as  to 
produce  a  very  uniform  and  remarkably  dense  pave- 
ment. 

In  this  connection  it  may  be  well  to  point  out  how 
such  a  mixture  should  be  rolled.  Gravel  mixed  with 
clay  by  harrowing  and  dragging  can  not  be  rolled 
satisfactorily  "with  a  10-ton  roller.  The  heavy  roller 
sinks  into  the  mass,  and  often  becomes  completely 
stalled.  The  solution  of  the  problem  consists  either 
in  rolling  in  about  4-in.  layers,  starting  with  a  hand 
roller,  and  using  progressively  heavier  rollers,  or  in 
compacting  in  6-in.  layers,  using  a  horse-drawn  roll- 
ing tamper  with  projecting  lugs  that  penetrate  the 
mass  and  tamp  it  like  the  action  of  the  feet  of  sheep 
or  goats.  The  final  finishing,  in  either  case,  can  be 
effected  with  a  10-ton  gasoline  or  steam  roller. 

In  mixing  clay  with  gravel,  the  editor  has  found  it 
advantageous  to  use  a  road  grader,  the  blade  of  which 
turns  the  mass  over  and  piles  it  in  windrows.  By  push- 
ing the  mass  back  and  forth  across  the  road  in  this 
manner,  supplemented  by  harrowing  and  sprinkling, 
an  excellent  mixture  is  secured.  Perhaps  no  better 
mixture  is  needed  than  one  obtained  in  this  way,  but 
the  matter  is  of  sufficient  importance  to  warrant  the 
experiment  above  suggested  as  to  the  use  of  concrete 
mixers. 


Present   Road    Construction    and 
Maintenance  In  France:    Will 
American  Engineers  Ef- 
fect Changes? 

Mr.  William  J.  Weir,  formerly  an  engineer  of  the 
U.  S.  OflSce  of  Public  Roads,  has  recently  sent  an  in- 
teresting account  of  road  work  in  France  to  Director 
Logan  Waller  Page.  Mr.  Weir  collected  his  informa- 
tion while  acting  as  an  ambulance  driver  in  the  war 
zone. 

He  says  that,  while  most  of  the  roadwork  consists 
in  maintenance,  new  roads  are  frequently  built  in  lo- 
cations not  so  directly  exposed  to  enemy  artillery. 
Thus  a  new  road  may  be  built  along  the  lee  side  of 
a  hill.  A  new  and  crooked  road  is  often  built  near 
an  old  straight  road  that  is  open  to  gun  fire,  and 
traffic  is  shifted  back  and  forth  between  the  two 
roads,  to  confuse  the  enemy  airmen,  but  the  new  road 
is  given  most  of  the  traffic. 

All  crossroads  are  permanently  marked  with  signs 
giving  distances  and  directions  to  neighboring  points. 
This  is  an  invaluable  aid  to  officers  who  are  not  fa- 
miliar with  the  locality. 

About  half  the  traffic  on  the  main  roads  consists  of 
motor  trucks,  fleets  of  which  roll  steadily  by  in  hun- 
dreds, spaced  about  50  ft.  apart  and  traveling  12  miles 
an  hour  or  more.  The  trucks  move  in  fleets,  with  an 
open  convoy  space  of  about  150  ft.  between  two  fleets, 
to  permit  fast  moving  motor  cars  to  slip  in  and  out. 
Between  two  lines  of  trucks,  one  going  and  the  other 
coming,  there  is  always  a  space  wide  enough  for  a 
motor  car  to  travel  in  one  direction.  By  dropping 
into  the  convoy  spaces  between  the  motor  trucks, 
motor  cars  can  pass  one  another.  This  would  not  be 
possible  on  the  narrow  (16  to  18  ft.)  paved  roads 
common  in  America,  but  in  France  many  of  the  main 
highways  are  macadamized  for  a  width  of  33  ft.  Even 
this  width  is  frequently  crowded  to  capacity. 

How  great  a  factor  in  the  success  of  the  French 
armies  these  wide  roads  have  been  can  only  be  con- 
jectured, but  the  combination  of  wide  pavements  and 


numerous  interlacing  roads  has  certainly  been  of  the 
highest  importance. 

All  the  French  roads  are  surfaced  either  with 
broken  stone  or  gravel.  Concrete,  brick  and  asphalt 
road  surfaces  are  not  used,  and  Mr.  Weir  is  of  the 
opinion  that  they  would  not  be  so  well  adapted  for 
war  purposes,  because  of  the  greater  difficulty  of  re- 
pairing them  hurriedly  and  with  perhaps  inadequate 
facilities.  He  points  out  that  broken  stone  and  a 
clay  binder  can  be  thrown  into  the  ruts  and  holes, 
and  that  the  motor  truck  wheels  soon  roll  the  stone 
into  a  solid  macadam.  Since  most  of  the  stone  is 
broken  by  hand  and  is  usually  available  near  the 
road — from  quarries  or  the  ruins  of  buildings — there 
is  seldom  lack  of  the  material  needed  to  repair  roads. 

It  seems  to  us  that  Mr.  Weir  has  not  given  suffi- 
cient consideration  to  the  fact  that  the  more  durable 
types  of  pavement  would  not  readily  cut  into  ruts 
even  under  the  densest  traffic.  Hence  fewer  men  and 
far  less  material  would  be  needed  to  maintain  an 
asphalt,  brick  or  concrete  surface  than  is  required 
for  macadam  maintenance.  Where  a  shell  destroys 
portions  of  a  road,  hasty  repairs  could  be  made  with 
macadam. 

Although  prisoners  of  war  are  largely  used  in  road- 
work,  and  therefore  it  may  be  argued  that  labor  is 
cheap  and  machinery  not  so  essential  as  in  normal 
times,  it  seems  evident  that  a  much  more  extensive 
use  of  machinery  is  warranted  right  now.  Men  for 
industrial  and  farming  purposes  are  sorely  needed 
in  France,  and  the  use  of  American  road  machinery 
would  effect  the  transfer  of  thousands  of  prisoners 
from  the  roads  to  the  mills  and  farms.  We  expect, 
therefore,  to  see  our  American  machines  and  methods 
effect  some  marked  changes  in  the  present  French 
ideas  on  road  maintenance  and  construction. 


The    'Cost  Plus  a  Fee"  Contract 

and  a  Suggested  Sliding 

Scale  Fee 

Civil  engineers  and  contractors  alike  have  long  re- 
belled at  the  practice  of  awarding  public  works  con- 
tracts to  the  lowest  bidders  regardless  of  their  ex- 
perience, integrity  and  ability.  Even  where  laws  give 
the  awarding  official  some  latitude,  as  when  the  word 
"responsible"  precedes  "bidder,"  it  usually  involves 
criticism  of  the  official  if  the  lowest  bid  is  rejected. 

A  new  crop  of  inexperienced  road  contractors'  hopes 
is  sown  every  spring,  only  to  be  harvested  in  disaster 
every  autumn.  Experienced  road  contractors  find  it 
difficult  to  secure  road  work  at  living  prices,  and 
eventually  the  majority  of  them  drift  into  other  lines 
of  work. 

The  war  has  served  to  focus  attention  upon  this 
condition  and  it  has  led  many  highway  engineers  to 
consider  the  advisability  of  making  radical  changes. 
The  "cost  plus  a  fee"  contract  has  consequently  re- 
ceived an  unusual  amount  of  consideration.  In  Mas- 
sachusetts, for  example,  recent  contracts  have  been 
let  under  a  "unit  cost  plus  a  fixed  fee"  form  of  con- 
tract. Thus,  for  earthwork  the  contractor  receives 
the  actual  cost  plus  6  ct.  per  cubic  yard. 

The  only  weakness  of  a  "fixed  fee"  payment,  or  of 
a  "percentage  fee"  payment,  arises  from  the  fact  that 
the  contractor  may  not  exert  himself  sufficiently  to 
keep  down  the  cost.  This  weakness,  however,  can  be 
eliminated  by  adopting  a  sliding  scale  fee,  based  on 
some  standard  daily,  weekly  or  monthly  performance. 
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For  example,  let  the  standard  output  of  a  concrete 
mixer  be,  say,  80  cu.  yd.  per  day,  and  let  the  contrac- 
tor's fee  be  15  ct.  per  cubic  yard  when  this  standard 
output  is  maintained.  This  would  yield  him  a  daily 
fee  of  $12  on  the  mixer  gang  for  mixing  and  placing 
concrete.  Let  the  fee  be  increased  1  ct.  per  cubic  yard 
for  each  5  cu.  yd.  of  increased  daily  output  in  excess 
of  80  cu.  yd.  and  decreased  in  a  similar  ratio  for  any 
falling  off  in  the  daily  yardage. 

Such  a  sliding  scale  fee  would  stimulate  a  con- 
tractor, and  it  would  result  in  securing  low  unit  costs. 

Since  the  fee  would  be  determined  by  the  engineer, 
it  is  evident  that  the  award  of  a  contract  would  de- 
pend entirely  upon  the  engineer's  judgment  as  to  the 
relative  fitness  of  the  different  contractors.  Of  course 
the  door  may  thus  be  opened  to  collusion  and  fraud. 
But  we  are  sanguine  that  the  engineering  profession 
is  so  free  from  dishonest  members  that  this  method 
of  awarding  contracts  can  be  safely  resorted  to  wher- 
ever civil  engineers  are  given  full  authority  to  select 
the  contractors.  Important  work  perhaps  should  be 
awarded  by  a  board  of  engineers  in  order  to  maintain 
public  confidence. 


the  condition  for  generations  and  there    is    no  evi- 
dence that  a  change  is  in  progress. 


American  Engineers  and  Superin- 
tendents Wanted  for  Road 
Work  in  France 

Civil  engineers,  contractors,  superintendents  and 
foremen  who  have  had  experience  in  highway  work 
now  have  a  chance  to  offer  their  services  to  their 
country.  Road  building  battalions  are  being  recruited 
and  will  form  part  of  the  23d  Regiment  of  Engineers. 
On  advertising  page  33  read  the  call  for  service  in  this 
battalion.  Read  it,  and  if  your  experience,  age  and 
health  qualify  you,  consider  seriously  whether  patriot- 
ism does  not  have  precedence  over  any  other  duty  or 
desire. 

Col.  Johnston  writes  us  that  experienced  men  of  the 
highest  class  of  ability  are  enlisting  at  a  rapid  rate. 
If  you,  yourself,  are  not  able  to  enlist,  you  will  per- 
form a  patriotic  service  by  calling  the  attention  of 
others  to  this  opportunity.  Clip  out  the  advertise- 
ment on  page  83  and  mail  it  now  to  some  road  builder 
of  your  acquaintance. 


Why  Are  There  So  Few  Consult- 
ing Highway  Engineers? 

Road  and  street  design  undoubtedly  requires  as 
much  engineering  skill  for  its  economic  execution  as 
is  Involved  in  the  design  of  a  water  works  plant.  Yet 
although  there  are  a  goodly  number  of  consulting  en- 
gineers who  specialize  in  hydraulics,  there  are  very 
few  highway  consultants. 

One  reason  for  this  difference  is  to  be  found  in  the 
prevalent  opinion  that  the  design  of  a  highway  is  a 
relatively  simple  matter.  Certainly  there  is  simplicity 
in  the  drawings  for  a  street  or  road,  nor  is  there  much 
about  the  specifications  that  the  average  man  can  not 
understand.  The  resulting  design,  in  short,  is  so  sim- 
ple that  the  designer's  skill  and  experience  are  quite 
apt  to  be  overlooked.  The  mass  of  data  that  the 
skilled  engineer  is  master  of  and  uses  in  designing 
a  highway  is  not  in  evidence;  so  it  follows  that  the 
most  able  of  highway  engineers  stands  little  chance 
of  being  called  as  a  consultant  even  by  the  least 
well-informed  city  or  county  engineer.    This  has  been 


A  Construction   Company   That 
Will  Send  Its  1,000  Work- 
men to  France 

Mr.  R.  B.  Oliver,  president  of  the  Oliver-Hill  Con- 
struction Co.  of  Knoxville,  Tenn.,  has  submitted  an 
offer  to  the  federal  government  to  send  its  entire  con- 
struction plant  and  1,000  negro  workmen  to  France. 
Even  should  it  prove  impracticable  to  accept  such  an 
offer,  the  patriotic  spirit  that  prompted  it  will  be 
thoroughly  appreciated.  Doubtless  there  are  many 
more  contractors  who  would  gladly  come  forward 
with  similar  offers  if  the  government  were  to  indicate 
that  it  would  welcome  such  action.  Half  a  year  ago 
the  Walsh  Construction  Co.  of  Davenport,  la.,  made 
to  the  government  an  offer  similar  to  that  of  the 
Oliver-Hill  Construction  Co.  But  the  government  did 
not  at  that  time  appreciate  fully  the  war  services  that 
might  be  rendered  by  a  large  construction  company. 


The  Clogging  of  Culverts  and   a 
Remedy 

Culverts  and  small  cross-drains  often  become 
clogged  with  earth,  causing  serious  damage  to  a  road. 
Where  this  occurs  it  will  usually  be  found  that  the 
gradient  or  slope  of  the  culvert  is  less  than  that  of 
the  ditch  or  stream  bed  just  above  the  culvert. 

The  size  of  the  grains  of  sand  or  earth  carried  by 
a  stream  is  dependent  on  the  velocity  of  the  current. 
Some  formulas  indicate  that  the  size  of  the  grain 
varies  as  the  6th  power  of  the  velocity.  Obviously  if 
the  velocity  is  even  slightly  reduced,  there  will  occur 
a  deposit  of  the  earthy  material.  But  although  this 
is  obvious  to  anyone  who  gives  the  matter  the  slight- 
est thought,  it  is  not  unusual  to  find  that  an  engineer 
has  reduced  the  gradient  of  a  stream  bed  through  a 
culvert. 

Incidentally  it  may  be  added  that  a  similar  error 
is  often  made  in  changing  the  gradient  of  a  ditch, 
flattening  the  slope  instead  of  holding  to  a  uniform 
slope. 


How  Street  Accident  Causes  Are 
Diagnosed  in  St.  Louis 

Mr.  C.  M.  Talbert,  city  director  of  streets  in  St. 
Louis,  has  devised  a  simple  method  of  reducing  the 
number  of  street  accidents.  The  police  have  reported 
accidents  for  years  past,  and  the  street  railways  have 
also  kept  accident  records.  These  reports  were  stud- 
ied, and  the  location  of  every  accident  was  indicated 
on  the  city  map  by  means  of  a  colored  tack.  A  group 
of  such  tacks  indicated  either  unusual  density  of 
traffic,  or  some  special  cause  of  accidents,  or  both. 

In  studying  the  "accident  corners"  it  was  sometimes 
found  that  the  pavement  was  very  slippery,  or  that 
the  street  was  poorly  lighted,  or  that  a  jog  in  the 
street  caused  a  bad  congestion  in  traffic,  or  that  the 
policing  of  the  corner  was  insufficient,  or  what  not. 
By  comparing  each  "accident  corner"  with  others  of 
equal  density  of  traffic,  it  became  easy  to  determine 
the  reasons  for  differences  in  the  numbers  of  acci- 
dents, and  thus  to  adopt  preventive  measures. 
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Experiment  of  Wisconsin  High- 
way Commission  in  Improve- 
ment of  Sand   Roads   by 
Hay  and  Tar  Mats 

-By  H.  J.  KUELLING, 
Assistant  to  State  Highway  Engineer. 

Under  the  new  State  trunk  highway  law  of  Wis- 
consin the  Wisconsin  Highway  Commission  found 
itself  with  the  problem  of  looking  after  the  mainte- 
nance of  about  700  miles  of  almost  pure  sand  roads. 
These  roads  were  of  such  a  nature  that  many  of 
them  were  impassable  in  dry  weather  and  often  im- 
passible in  wet  weather.  In  other  words,  these  roads 
were  in  bad  condition  a  considerable  share  of  the 
summer  season  and  a  part  of  the  spring  season. 

In  times  past  many  of  the  local  communities  had 
placed  a  covering  of  clay  on  those  roads  where  any 
clay  was  available.  Still  other  communities  had 
placed  some  straw  or  hay  on  the  traveled  section, 
but  this  was  always  quite  temporary,  as  the  hay 
was  soon  ground  to  pieces  or  rotted  away. 

Mr.  Hirst,  the  State  Highway  Engineer,  conceived 


The  road  had  previously  been  divided  into  12  sec- 
tions,  which   were   constructed   as   follows: 

Section  No.  1. — This  section  is  1,000  ft.  long  and 
16  ft.  in  width.  It  is  one  of  two  sections  that  con- 
tains an  appreciable  grade,  there  being  at  one  point 
about  200  ft.  of  8  per  cent.  This  particular  hill  has 
been  a  bugaboo  for  tourists  for  several  years,  and 
especially  during  the  past  season,  because  of  the 
fact  that  this  road  is  the  main  route  from  Portage 
to  Kilbourn  and  thence  on  to  Camp  Douglas,  where 
the  Wisconsin  troops  have  been  in  camp. 

This  section  was  covered  with  a  layer  of  marsh 
hay,  after  which  it  was  given  about  -^s-gal.  treat- 
ment of  Tarvia  "B,"  applied  cold.  A  second  layer 
of  hay  was  then  applied  and  slightly  over  a  I's-gal. 
treatment  given.  The  section  on  the  steep  hill  was 
given  a  considerably  larger  treatment  of  tar  than 
the  flatter  sections.  After  the  last  application  of 
tar,  sand  from  the  roadside  was  spread  by  shovels 
over  the  entire  section  to  a  depth  of  about  1  in.  The 
hay  used  on  the  section  as  well  as  on  each  one  of 
the  other  sections  was  spread  so  that  a  ton  covered 
about  350  sq.  yd. 

Section  No.  2. — This  section  is  1,000  ft.  long  and 
9  ft.  in  width.     After  the  trench  was  constructed  a 


Sand    Road   Covered    With    Mat  of   Hay   and   Tar.       Applying   Tar  Treatment  to   Hay   Mat.         Hay    Laid    in   Trench   on    Sand    Road. 


the  idea  of  making  a  mat  of  hay  and  tar,  which 
would  have  some  strength  within  itself  and  also 
would  be  able  to  withstand  the  elements. 

With  this  end  in  view  the  State  Highway  Depart- 
ment in  the  month  of  August,  1917,  constructed  a 
few  short  sections  built  in  various  manners.  After 
about  6  weeks'  wear  the  condition  of  some  of  these 
sections  was  satisfactory  enough  to  warrant  the  con- 
struction of  a  longer  experiment  This  latter  piece 
was  built  during  the  first  week  of  October  and  is 
somewhat  over  a  mile  in  length. 

No  particular  merits  are  claimed  as  yet  for  this 
type  of  construction;  but  it  will  be  watched  with  a 
great  deal  of  interest  by  the  engineers  of  the  depart- 
ment and  the  various  local  people  who  live  in  the 
sand  sections  of  the  State. 

The  experimental  road  was  constructed  about  as 
follows:  The  road  was  first  staked  out  as  to  align- 
ment. A  furrow  was  then  plowed  on  each  side  of 
the  road  in  order  to  hold  the  grader  somewhat  true 
to  line.  Needless  to  say,  one  team  was  able  to  ac- 
complish this  act.  After  the  plowing  was  done  two 
teams  were  hitched  to  a  small  road  grader,  and  after 
several  trips  up  and  down  the  road  a  reasonably 
good  trench  was  constructed. 


layer  of  hay  was  placed  and  given  about  a  V2-gal. 
treatment  of  Tarvia.  This  layer  of  hay  contained 
about  one-half  the  hay  that  was  applied  on  the  sec- 
tion. About  one-half  the  remaining  amount  of  hay 
v.'as  added  and  given  a  y4-gal.  treatment  of  tar.  The 
remainder  of  the  hay  was  then  added  in  a  third  layer 
and  this  also  given  a  i/i-gal.  treatment  of  tar.  The 
section  was  then  covered  with  about  1  in.  of  sand 
from  the  roadside. 

Section  No.  3.— This  section  is  200  ft.  long  and  9 
ft.  wide.  This  section  was  short  because  of  the  fact 
that  it  was  almost  impossible  to  obtain  rye  straw 
as  the  farmers  did  not  care  to  sell  it. 

The  straw  was  placed  on  this  section  in  the  same 
manner  as  hay  had  been  placed  on  the  previous  sec- 
tion, and  in  the  same  quantity  as  to  volume  but,  of 
course,  not  as  to  weight,  a  ton  of  straw  going  much 
farther  than  a  ton  of  hay.  The  straw  was  divided 
into  two  layers,  each  one  receiving  a  ^2-gal.  treat- 
ment of  tar.  The  whole  section  was  then  covered 
with  about  1  in.  of  sand  from  the  roadside. 

Section  No.  4. — This  section  was  1,000  ft.  long  and 
0  ft.  wide.  The  first  layer  of  marsh  hay  was  placed 
and,  without  having  received  any  treatment  of  tar, 
was  covered  with  about  1  in.  of  sand  from  the  road- 
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side.  The  remainder  of  the  hay  was  then  added  and 
given  a  \2-gal.  treatment  of  tar.  This  was  followed 
with  about  1  in.  of  sand  from  the  roadside. 

The  subgrade  conditions  on  this  section  varied 
quite  considerably  as  the  central  part  of  the  section 
had  a  harder  subsoil  than  most  of  the  road.  The  two 
ends,  however,  were  e.xceedingly  soft  sand.  This 
section  appeared  to  be  somewhat  easier  to  construct 
than  the  other  tarred  sections  owing  to  the  heavy 
oiler  not  making  as  great  a  rut  in  the  subgrade. 

Section  No.  5. — This  section  was  500  ft.  long  and 
9  ft.  wide.  It  consisted  of  two  layers  of  hay,  each 
of  which  was  given  a  Vi-gal.  treatment  of  tar.  The 
second  layer  of  hay  on  this  section  was  extra  heavy 
and  caused  considerable  trouble  by  getting  into  the 
gears  on  the  oiler.  This  section  was  also  covered 
with  about  1  in.  of  sand  from  the  roadside. 

Section  No.  6. — This  section  was  500  ft.  long  and 
9  ft.  wide.  The  entire  amount  of  hay  was  put  on  at 
once  and  given  a  ^'i-gal.  treatment  of  tar,  after 
which  the  section  was  covered  with  about  1  in.  of 
sand  from  the  roadside. 

The  above  six  sections  were  the  only  ones  in  which 
the  tar  and  hay  were  used  together.  Considerable 
trouble  was  had  at  first  in  getting  the  tar  properly 
applied  owing  to  the  fact  that  the  weather  was  fairly 
cool.  To  overcome  this  the  tank  car  was  heated, 
after  which  the  sprayers  on  the  oiler  worked  very 
satisfactorily,  giving  an  almost  uniform  coating  of 
^/4  gal.  per  square  yard. 

Section  No.  7. — This  section  was  500  ft.  long  and 
9  ft.  wide.  A  layer  of  marsh  hay  was  placed  and 
covered  with  about  1  in.  of  local  sand.  The  re- 
mainder of  the  hay  was  put  on  and  also  covered  with 
about  1  in.  of  local  sand,  after  which  the  road  was 
thrown  open  to  traffic. 

Section  No.  8. — This  section  was  150  ft.  long  and 
9  ft.  wide.  A  layer  of  rye  straw  was  placed  and 
covered  with  about  1  in.  of  sand.  This  straw  was  in 
poor  condition  because  of  the  fact  that  it  was  from 
the  1916  crop.  A  second  layer  of  the  same  kind  and 
amount  of  straw  was  placed  and  also  covered  with 
about  1  in.  of  local  sand. 

Section  No.  9. — This  section  is  100  ft.  long  and  9 
ft.  wide.  The  full  computed  amount  of  straw  was 
placed  in  one  layer  and  covered  with  about  1  in.  of 
sand  from  the  roadside. 

Section  No.  10. — This  section  was  550  ft.  long  and 
9  ft.  wide.  The  full  computed  amount  of  hay  was 
placed  in  one  layer  and  covered  with  about  1  in.  of 
local  sand. 

Section  No.  11. — This  section  was  about  300  ft. 
long  and  10  ft.  wide.  Owing  to  the  fact  that  a  great 
many  local  people  believed  that  tar  alone  would  be 
beneficial,  this  section  consisted  of  about  1  gal.  of 
tar  placed  directly  upon  tlje  roadbed.  No  particular 
good  is  expected  to  result  from  this  and  it  was  con- 
structed somewhat  to  show  what  not  to  do. 

Section  No.  12. — This  section  consisted  of  two 
pieces  about  300  ft.  long.  On  this  section  no  trench 
was  made  and  the  hay  was  mereh'  deposited  on  top 
of  the  sandy  road,  as  the  local  people  had  been  do- 
ing for  several  years.  These  sections  were  not  given 
any  treatment  of  sand  from  the  roadside. 

The  cost  of  the  entire  experiment  consisted  of  $7 
worth  of  rye  straw  purchased  at  $6  per  ton,  and  $156 
worth  of  marsh  hay  purchased  at  $8  per  ton  deliv- 
ered on  the  road.  The  cost  of  labor  and  teams  was 
$216,  and  the  cost  of  the  tar  $32?,  making  a  total  of 
$701  for  the  construction  of  4,977  sq.  yd.  which  were 
treated  with  Tarvia  to  the  extent  of  V2  gal.  to  some- 


what over  a  gallon  per  square  yard,  and  the  1,900 
sq.  yd.  which  did  not  receive  any  Tarvia  treatment. 

It  is  not  hoped  by  the  State  Highway  Commission 
that  all  of  these  sections  will  be  an  economic  suc- 
cess. However,  if  a  method  is  arrived  at  by  which 
these  sand  roads  can  be  made  passable  at  reasonable 
cost  the  Commission  will  be  satisfied.  If  the  sec- 
tion that  is  now  three  months  old,  built  in  a  similar 
manner,  is  any  criterion,  traffic  v/ill  be  well  pleased 
with  this  type  of  road.  On  this  section  in  question 
there  is  a  very  well  compacted  mat  form  which  is 
carrying  the  traffic  in  a  very  satisfactory  manner. 

As  stated  by  the  writer,  this  experiment  will  be 
watched  with  a  great  deal  of  interest,  and  at  some 
future  date  the  Commission  will  be  glad  to  publish 
a  description  of  the  condition  of  the  road  and  what 
thev  believe  concern  it. 


Concrete  Mixer  Charged    Direct 
from  Industrial  Cars 

Industrial  cars  dumping  directly  into  an  end 
charging  concrete  mixer  are  facilitating  the  construc- 
tion of  a  section  of  the  county  highway  system  of 
Stanislaus  County,  California.  The  sand  and  gravel 
were  hauled  by  motor  trucks  over  the  existing  oiled 
road  and  deposited  in  stock  piles  about  1  mile  apart. 
This  material  is  transported  to  the  mixer  by  the  cars 
which  operate  on  two  parallel  industrial  tracks  laid 
along  one  side  of  the  road.  Switches  are  located  about 
800  ft.  apart.  The  trains,  made  up  of  8  cars,  are 
hauled  by  mules.  Three  trains  are  in  use,  one  loaded 
train  always  being  at  the  mixer. 

The  loaded  cars  are  switched  from  the  main  track 
to  a  short  section  of  rail  directly  in  front  of  the 
mixer  skip  by  means  of  a  turntable,  arranged  as  shown 
in  the  accompanying  illustration. 


Turntable  for  Switching   Industrial   Cars  to   Mixer. 


The  sand  is  loaded  by  hand  into  the  bottom  of  the 
cars,  and  the  gravel  is  loaded  from  a  bunker  fed  by 
an  engine-driven  bucket  conveyor.  The  cement  is 
placed  on  the  grade  ahead  of  the  mixer  and  is  emptied 
into  the  skip.  The  mixer  has  a  multiple  opening  dis- 
charge chute  which  allows  the  placing  of  four  3-sack 
batches  without  moving  the  mixer.  This  covers  about 
8  lin.  ft.  of  pavement.  During  the  construction  of  the 
first  mile  the  largest  day's  run  was  132  cu.  yd.  in 
8  hours.  This  was  accomplished  with  15  men  at  the 
mixer,  exclusive  of  the  foreman  at  the  mixer. 

Koppel  industrial  cars  and  track  are  being  used  on 
this  work.     The  McGillvray  Construction  Co.  of  Sac- 
ramento   is    the    contractor  and  W.   L.   Fontaine   is 
superintendent  of  construction. 
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The.  County  Highway  Engineer: 
His  Duties  and  Responsibilities 

During  the  past  5  years  the  duties  of  county  engi- 
neers in  an  increasing  number  of  States  have  become 
largely  those,  of  a  county  highway  engineer.  The 
3,000  counties  in  this  country  are  themselves  expend- 
ing annually  for  roads  nearly  72  per  cent  of  the  grand 
total  of  $300,000,000  spent  for  the  purpose  through- 
out the  United  States.  It  is  evident,  therefore,  that 
the  county  engineer  has  a  position  of  increasing  im- 
portance. An  interesting  discussion  of  the  duties  and 
responsibilities  of  the  position  was  given  by  Dr.  L. 
I.  Hewes,  Portland,  Ore.,  District  Engineer  of  the  U. 
S.  Office  of  Public  Roads  and  Rural  Engineering,  in 
a  paper  presented  at  the  recent  convention  of  the  As- 
sociation of  County  Commissioners  and  County  Engi- 
neers of  the  State  of  Washington.  An  abstract  of 
the  paper  follows: 

In  the  past  to  a  great  extent  county  highway  engi- 
neers have  necessarily  been  transplanted  railroad  en- 
gineers, former  city  engineers,  or  graduated  civil  en- 
gineers with  little  specialization.  It  takes  but  a  year 
or  two  of  actual  road  work,  however,  to  convince  the 
most  skeptical  that  highway  engineering  has  a  dis- 
tinct place  among  other  branches  of  engineering,  and 
that  it  deserves  the  place  it  is  rapidly  winning. 

There  are  rapidly  opening  up  in  the  3,000  counties 
engineering  positions  that  require  high  professional 
skill,  but  the  path  of  preparation  leading  to  these  po- 
sitions is  not  entirely  clear,  and  the  duties  of  these 
positions  remain  to  a  large  extent  undefined. 

Often  when  a  community  becomes  conscious  that  a 
road  is  needed  from  point  A  to  point  B  a  situation 
arises  which  defeats  the  best  efforts  of  the  highway 
engineer.  The  public  importunes  the  administrative 
authorities  to  consider  the  needed  improvement.  There 
follows  discussion  and  newspaper  comment  until  a 
decision  to  build  the  road  is  i-eached.  A  non-technical 
committee  then  decides  how  wide  (and  often  how 
thick)  the  road  shall  be,  and  how  much  money  it  shall 
cost.  Then  the  highway  engineer  is  called  upon  to 
construct  the  highway. 

If  he  has  failed  under  such  circumstances  to  pro- 
duce a  road  of  the  quality,  depth,  width,  and  grade 
visualized  by  the  enthusiastic  community,  we  should 
not  blame  him  too  severely. 

This  type  of  procedure  is  very  common.  The  county 
highway  engineer  is  not  allowed  to  plan  the  work  in 
the  beginning.  This  inferior  position  to  which  he  is 
relegated  in  the  procedure  has  probably  in  the  past 
misled  many  a  young  man  to  the  idea  that  his  duty 
was  correspondingly  easy  and  could  be  assumed  with 
little  or  no  experience.  But  he  has  been  rudely  awak- 
ened to  the  realization  that  the  community  does  not 
inquire  into  the  conditions  under  which  he  works 
when  failures  result,  but  holds  him  responsible  only 
for  results. 

If  the  position  of  county  highway  engineer  is  to  at- 
tain any  professional  dignity  among  the  engineering 
group  it  would  seem  that  it  must  cease  to  be  elective 
and  must  command  adequate  salaries.*  It  is  believed 
that  county  officers  would  prefer  to  make  appoint- 
ments to  the  position  of  county  highway  engineer,  and 
such  a  method  would  avoid  much  conflict.  If  a  State 
law  could   insure  that   such   appointees   qualified   by 

*The  States  averaged  for  engineering  and  inspection  in  1914 
about  8  per  cent  on  about  $25,000,000  of  exclusively  State  work; 
at  this  rate  each  county  in  Washington  could  have  averaged 
$9,641  for  similar  items  for  each  of  the  past  10  years. 


examination  prepared  say,  by  the  State  Highway  De- 
partment, the  result  would  be  correspondingly  better. 
Working  in  harmony  with  the  county  authorities 
well  prepared  and  with  a  high  sense  of  professional 
standards  and  adequately  paid,  the  county  engineer 
may  hope  to  achieve  a  first  essential  in  planning  of 
his  work,  and  that  is  to  secure  enough  confidence  on 
the  part  of  his  superiors  and  of  the  community,  to 
allow  him  to  expect  a  term  of  office  extending  over  a 
period  of  years.  It  is  idle  to  discuss  planning  of  high- 
way work  unless  sufficient  time  is  presupposed  to 
work  out  a  plan.  The  public  is  learning,  by  repeated 
failure,  that  road  reform  does  require  time.  If  the 
county  highway  engineer  can  be  insured  of  a  reason- 
able tenure  of  office  his  work  will  be  done  with  greater 
economy  in  the  end.  The  difficulty  with  highway  work 
is  not  an  inherent  technical  difficulty,  but  a  political 
difficulty  causing  constant  interference  with  the  tech- 
nique. 

It  will  doubtless  be  granted  that  the  first  tech- 
nical duty  of  the  county  highway  engineer  is  to  study 
his  county  and  to  make  a  careful  record  of  what  he 
finds.  This  record  should  include  a  map  on  which  the 
highways  may  be  classified  in  two  ways,  first,  with 
respect  to  their  service  to  the  community  as  through 
roads,  market  roads,  or  neighborhood  or  community 
roads;  second,  with  respect  to  their  type  of  relative 
improvement.  Supplementing  such  maps  there  should 
be  carefully  plotted  the  location  of  all  available  road 
material  as  fast  as  discovered,  with  sufficient  attached 
data  to  show  where  such  material  was  used,  when, 
and  with  what  results,  and  the  approximate  cost.  In 
addition  to  such  field  information,  it  is  necessary  for 
the  county  highway  engineer  to  know  thoroughly  the 
financial  history  of  the  county  and  particularly  the 
past  expenditures  for  highways,  the  possibility  of 
their  increase,  the  indebtedness  of  the  county,  the  rel- 
ative amount  used  for  schools,  and  other  purposes. 
With  this  knowledge  as  a  basis,  the  county  highway 
engineer  should  make  it  his  duty  to  institute  modern 
cost  bookkeeping  methods  in  all  the  work  he  does. 
Such  cost-keeping  methods  are  summed  up  by  the 
ideas  of  distribution  of  costs  and  development  of  unit 
costs.  The  reason  for  cost  keeping  is  twofold;  to  pre- 
^ent  waste  and  inefficiency,  and  to  enable  intelligent 
planning  of  new  work.  State  laws  to  this  end  could 
be  made  very  effective. 

The  program  for  county  highway  work  will  be  con- 
ditioned by  the  results  of  the  field  investigation  and 
the  financial  history,  and  the  effectiveness  of  the  high- 
way engineer  will  be  measured  by  the  skill  with  which 
he  can  develop  efficiency  under  these  limitations  in  a 
plan  of  road  improvement  for  the  county. 

It  is  manifest  that  he  must  improve  by  new  work 
certain  miles  of  road  each  year,  that  he  must  main- 
tain such  new  work  with  especial  faithfulness,  and 
that  he  must  also  repair  additional  miles  of  road  and 
maintain  those  repaired  miles,  and  furthermore  main- 
tain in  a  passable  good  condition  the  residue  of  the 
road  mileage  of  the  county.  The  equipment  necessary 
for  such  work  must  be  found  and  the  distribution  of 
expenditures  must  be  planned. 

It  is  a  mistake  for  county  highway  engineers  to  take 
the  attitude  that  conditions  in  their  counties  are 
"special  conditions,"  that  they  have  peculiar  drainage, 
or  subsoil  or  road  material,  and  that  therefore  cer- 
tain practices  are  permissible  in  that  county  that  are 
manifestly  against  standard  procedure.  While  it  is  ad- 
mitted that  the  construction  and  upkeep  of  roads 
offer  an  endless  variety  of  operating  methods  never- 
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theless  well-tried  principles  underlie  all  such  prac- 
tice and  only  such  principles  will  insure  good  results. 
For  example,  it  is  known  absolutely  that  trap  rock 
<:an  not  be  bound  with  clay  with  economic  results; 
that  a  boggy  spot  on  a  side  hill  cannot  be  cured  by 
placing  material  on  top  of  it. 

It  may  be  that  the  entire  highway  engineering  pro- 
fession wc^uld  be  benefited  by  resignations  when  pro- 
fessional methods  of  the  engineer  are  questioned  or 
set  aside.  That  many  highway  engineers  continue  in 
office  doing  work  against  their  best  judgment  is  unfor- 
tunate. Perhaps  it  is  evidence  that  the  engineers 
can  not  back  up  their  judgment  either  with  sufficient 
experience  or  with  forceful  Ehglish. 

It  seems  to  be  true  that  the  domain  of  highway 
work  presents  so  many  varied  problems  that  chance 
for  individual  judgment  is  very  great.  It  is  corre- 
spondingly desirable,  therefore,  that  highway  engi- 
neers be  absolutely  informed  as  to  the  underlying  or 
invariable  principles  that  must  obtain  everywhere. 
The  public  must  be  taken  into  the  engineer's  confi- 
dence, the  sympathetic  co-operation  of  the  newspapers 
is  desirable,  and  it  must  be  frequently  understood 
that  the  engineer  is  proceeding  under  financial  limi- 
tations over  which  \  he  has  little  control.  He  must 
postpone  the  construction  of  much-needed  improve- 
ment while  he  brings  to  a  passable  standard  many 
miles  of  road  that  must  be  traveled  every  winter.  If 
he  can  plan  for  a  series  of  years  it  will  be  possible 
to  survey  the  roads  and  establish  their  profile  and 
work  gradually  toward  the  new  plan  and  the  new 
profile  without  loss.  Culverts  can  be  installed  to  cor- 
rect grade  and  length  if  the  complete  profile  and  plan 
are  available.  Maintenance  operations  can  be  under- 
taken with  full  knowledge  of  what  is  to  follow  within 
the  ne.xt  succeeding  year.  The  purchase  of  road  ma- 
chinery may  be  planned  economically.  The  installa- 
tion of  crushing  plants  may  be  made  with  a  view  to 
their  use  beyond  a  single  season.  The  purchase  of 
culvert  pipe  may  be  made  in  a  quantity  and  the  gen- 
eral business  of  roads  in  the  county  handled  on  a  per- 
manent basis. 


Creosoted  Wood  Blocks  Laid   on   Bitum- 
inous Cushion 

A  bituminous  cushion  has  been  used  for  about  100,- 
000  sq.  yd.  of  creosoted  wood  block  pavement  laid  dur- 
ing the  past  two  seasons  by  the  Department  of  Public 
Works  of  Detroit,  Mich.  This  work  has  been  done  in 
the  resurfacing  and  repaving  of  various  streets. 

In  the  Detroit  work  the  base  consists  of  a  1 :3:6  con- 
crete having  a  rough  coat  spread  by  means  of  a  tem- 
plet. While  the  concrete  is  still  green  a  1-in.  topping 
composed  of  4  parts  of  sand  to  1  part  of  cement  is 
spread  on.  This  is  finished  as  smoothly  as  possible 
much  the  same  as  a  sidewalk.  After  the  topping  has 
dried  thoroughly  the  surface  is  covered  with  a  coat 
of  tar.  The  tar  is  heated  in  two  kettles  and  poured 
over  the  concrete  by  means  of  pails.  It  is  then 
smoothed  off  with  a  squeegee.  The  blocks  are  then 
laid  on  this  surface  and  rolled,  after  which  the  pave- 
ment is  thoroughly  sprinkled  with  water.  A  Vk-in.  top 
dressing  composed  of  fine  river  sand  completes  the 
work. 

Mr.  C.  W.  Hubbell,  City  Engineer  of  Detroit,  ad- 
vises that  so  far  no  trouble  has  been  experienced  with 
buckling  of  blocks  in  the  pavement  laid  in  the  man- 
ner described  above. 


Road  Drag  Used  in  Gravel  Road 
Construction 

By  J.  C.  WORRELL. 

The  road  drag  shown  in  the  sketch  is  like  one  used 
on  some  highway  construction  near  Merrimac,  Wis. 
Most  of  the  fills  were  made  of  sand  and  it  was  neces- 
sary to  put  on  an  average  of  12  in.  of  gravel  sur- 
facing to  make  a  good  road.  This  drag  served  two 
purposes  in  making  this  road.  Just  before  putting 
on  the  surfacing  a  team  of  horses  was  hitched  to 
the  pointed  end  and  the  drag  was  pulled  down  the 
center  of  the  new  road,  making  a  path  in  the  sand 
something  like  the  snowplow  used  in  cities  for  clean- 
ing sidewalks.  The  gravel  was  then  hauled  and 
dumped  in  this  trench,  which  was  made  about  12 
in.  deep  and  9  ft.  wide. 

The  gravel  was  usually  first  leveled  by  a  man  with 
a  shovel,  but  sometimes  this  was  done  by  hitching 
to  the  other  end  of  the  drag  and  going  over  the 
gravel  until  it  became  level.  It  was  found  to  work 
better  after  the  gravel  had  been  packed  and  rutted 
up  by  traffic.  By  pulling  from  the  wide  end  and  al- 
lowing the  pointed  end  to  come  directly  over  the 
rut,  the  gravel  was  leveled  both  ways  into  the  rut, 


^"xl"  Iron 
Strap 
i< g'-o". >J 

Fig.    1 — Details   of    Road    Drag. 

because  the  triangular  shape  tended  to  work  the 
gravel  Joward  the  point'id  end,  which  followed  over 
the  rut.  It  is  necessary  to  go  up  over  one  rut  and 
back  over  the  other  in  order  to  fill  both  ruts  and 
make  a  smooth  surface. 

The  3-in.  x  8-in.  piece  (see  Fig.  1)  should  be  raised 
about  2  in.  from  the  bottom  of  the  .3-in.  x  12-in. 
pieces  so  as  to  give  the  desired  effect  of  letting  the 
gravel  work  along  the  3-in.  x  12-in.  pieces  toward 
the  pointed  end  of  the  drag  and  into  the  Tut. 

This  drag  seemed  to  do  better  work  than  the  ordi- 
nary split  log  drag.  In  order  to  stand  severe  usage, 
it  could  be  put  together  more  securely  than  this  one 
was,  as  this  one  was  only  nailed  together  with  spikes. 
However,  it  stood  the  rough  usage  which  was  re- 
quired of  it.  The  planks  on  top  were  placed  there 
for  the  teamster  to  ride  on  for  additional  weight  as 
the  condition  of  the  road  required.  The  drag  usually 
did  good  work  with  the  teamster's  weight,  and  made 
a  good  load  for  one  team  of  horses.  For  hard  roads 
an  iron  or  steel  strip  should  be  fastened  on  the  in- 
side of  the  3-in.  by  12-in.  pieces  so  as  to  protect  the 
wood  pieces  from  wear  and  to  serve  as  a  better  cut- 
ting edge. 


Tree  Planting  Along  State  Roads  in  Massachusetts. 

— During  the  last  11  years  the  Massachusetts  High- 
way Commission  has  planted  27,045  trees  on  the 
borders  of  state  highways.  Some  years  ago  the  Com- 
mission adopted  the  policy  of  planting  quick  grow- 
ing trees  and  hedges  to  replace  guard  rails. 
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Methods   Employed  by  the  Wis- 
consin Highway  Commission 
in  Making  Condition  Sur- 
vey of  State  Trunk 
Highways 

By  A.  R.  HIRST, 
State   Highway  Engineer. 

The  statute  enacted  by  the  Wisconsin  Legislature 
of  1917  providing  for  the  co-operation  of  the  State 
with  the  Federal  Government  in  the  construction  of 
Federal  aid  roads  requires  that  the  State  Highway 
Commission  shall  select  a  system  of  State  trunk  high- 
ways to  which  the  Federal  aid  construction  shall  be 
confined.  The  system  is  required  to  connect  all 
county  seats,  and  all  cities  with  a  population  of  5,000 
or  more.  After  May  1,  1918,  the  counties  are  required 
to  maintain  the  entire  system,  the  unimproved  por- 
tions as  well  as  the  portions  which  have  previously 
been  improved  under  the  State  highway  law  or  other- 
wise. The  cost  of  construction  and  maintenance  is 
to  be  paid  from  the  proceeds  of  automobile  licenses. 
All  construction  will  be  administered  by  the  State 
Highway  Commission  direct.  The  maintenance  will 
be  administered  by  the  counties  under  the  direction 
of  the  State  Highway  Commission  and  paid  for  by  the 
State.  Effective  control  is  guaranteed  by  a  provision 
in  the  law  authorizing  the  State  Highway  Commis- 
sion to  withhold  payment  for  work  improperly  done. 

The  law  requires  that  this  system  shall  be  selected 
prior  to  Nov.  1,  1917.  As  the  law  did  not  become  ef- 
fective until  July  11,  any  ordinary  methods  of  survey- 
ing these  routes  could  not  possibly  cover  the  ground 
within  the  required  time.  A  system  has  been  devised 
which,  it  is  believed,  gives  the  required  information 
with  a  minimum  of  expense  and  a  maximum  of  speed. 
The  information  desired  is  such  as  will  enable  intelli- 
gent estimates  of  the  cost  of  future  construction  and 
maintenance  and  proper  comparisons  betweeft  alter- 
nate or  competing  routes  to  be  made.  The  surveys 
are,  in  effect,  reconnoissances;  all  future  construc- 
tion will  be  based  on  proper  instrument  surveys. 

All  mileage  measurements  are  made  by  automobile 
speedometer.  The  survey  force  consists  of  two  men, 
an  observer  who  also  drives  the  car,  and  a  recorder. 
The  notes  are  taken  on  a  specially  devised  blank,  and 
are  recorded  by  means  of  a  code  system. 

Prior  to  beginning  the  survey,  all  speedometers  to 
be  used  were  carefully  checked  against  a  measured 
distance.  The  variations  ranged  from  a  few  feet  to 
more  than  200  ft.  per  mile.  It  was  found  that  these 
errors  were  caused  by  slight  variations  in  the  sizes  of 
the  tires  of  the  car,  and  they  were  corrected  by  the 
use  of  tires  of  exact  diameter. 

A  specimen  of  the  record  sheet  is  shown  in  Fig.  1 
and  the  code  is  given  in  Table  I.  The  record  sheet  is 
ruled  horizontally  into  28  spaces,  one  for  each  sub- 
ject on  which  information  is  desired,  and  vertically 
into  10  spaces,  each  representing  one-tenth  mile.  The 
subjects  are  arranged  so  that  related  subjects  occur 
together,  thus  making  the  record  come  in  a  logical 
order,  facilitating  both  the  record  and  reading  of  the 
notes.  The  record  is  made  almost  entirely  by  num- 
bers, it  having  been  found  that  figures  can  be  re- 
corded more  rapidly  than  letters.  The  record  is  made 
while  the  car  is  in  motion  except  for  stops  which  are 
made  to  measure  culverts  or  bridges,  and  stops  at 
the    end    of    each    mile  to    fill   in   the    title  blanks 


TABLE  I.— SYMBOLS  TO  BE  USED  ON  CONDITION  SURVE'T 
OF   STATE   TRUNK   HIGHWAYS. 
1.     A.     Type. 
1 — Earth. 
- — Sand-clay. 
3— Shale. 
4 — Gravel. 

5 — Gravel-surface  treated. 
6 — Stone  macadam. 
7 — Stone  macadam-surface  treated. 
S — Bit.   macadam. 

9 — Concrete.  . 

10— Bit.  concrete.  ' 

11— Asphalt. 


-Brick. 
)the 


-Rebuild  immediately. 


-Marsh- 


give  name. 
::.     Condition. 
1 — Good;  2 — Fair:  3 — Poor; 
\.     Soil. 

1 — Heavy  clay;  2 — Light  clay  or  loam;  3 — Sand; 
i.     Drainage. 
1 — Good;   2 — Fair:   3 — Poor:   4 — None  whatever; 
5 — Center  lower  than  ditch  line. 

Special    Conditions. 
1 — Mud  hole:   2 — Rock  outcrop;   3 — Present  cut; 
4- Present  fill;    5— Side  hill;   6— Dangerous  ditch. 

Traveled   Way — Surfacing. 

Insert    in    order   estimated    width    of   traveled   way   and 

surfacing  as  lS'-9'. 

Between    Ditches — Fences. 

Insert    in   order,    estimated   width   between   ditches   and 

between   fences   as   24'-48'. 

Wooden    Bridge — Culvert. 
1 — Gnoil:    ?— Fair:    3 — Poof;    4 — Rebuild   immediately. 

Stone    Bridge — Culvert. 
1 — G.i.iii:    i;   -Kair;   3 — Poor;   4 — Rebuild  immediately. 

Steel   Bridge — Culvert. 
1 — i;mm(':   _'-inir;   3 — Poor;   4 — Rebuild  immediately. 

Concrete   Bridge — Culvert. 
1 — G I;    2     Fair:    :; — Poor;   4 — Rebuild  immediately. 

Additional    Bridge — Culvert. 

Number   Spans — Opening — C 

Give    number   of   spans,    sizi 

clear  roadway. 

Flooi — Floor  to  Stream   Bed. 


ear  Roadway. 

of   opening,   and   width   of 


1— Concrete. 

1— Good. 

2— Creosote  Blocks. 

2— Fair. 

3— Plank. 

3— Poor. 
4— RebuUd 

immediately 

Give  distance  from 

floor 

to 

stream  bed. 

Foundations. 

1 — Wooden   piles. 

1— Good. 

2 — Stone  Masonry. 

2— Fair. 

3— Steel  tubes. 

3— Poor. 

4 — Concrete. 

4— Rebuild 

immediately 

\.     Intersecting   Roads. 

1— State  trunk. 

1— Right. 

2 — State  aid  system. 

2— Left. 

3— Town  road. 

4— Four  corners. 
5 — Five  corners. 

i.     Traffic. 

1 — Heavy;   2 — Medium; 

3- 

-Light 
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14. 

1 — Heav^ 

15.  Turn-Angle   (In   degrees   right   and    left   from   foresight). 
1— Right:    2— Lett. 

16.  Vision    Danger. 

1— Good.  1— Safe. 

2 — Fair.  2 — Medium. 

3 — Poor.  3 — Dangerous. 

IT.         Possible  Relocations. 
1— Right;    2— Left. 

Show    limits    of    and    estimate    distance    increased    or' 
diminished. 
IS.  Railway  and  Street   Railway  Crossings. 

Locate  thus  with  angle  //. 
1— Grade.  1— Good.  1— Safe. 

2 — Overhead.  2 — Fair.  2 — Medium. 

3 — Undergrade.  3 — Poor.  3 — Dangerous. 

4 — Reb.   immed. 

19.  Railways  and  Street  Railways,  Within  Right  of  Way. 
Locate   thus   

1— Right.  1— Safe. 

2 — Left.  2 — Medium. 

3 — Center.  3 — Dangerous. 

20.  Government    Limits. 

Locate  town,  village,  city  and  county  limits.  Name 
central  point  in  village  or  city.  Also  attach  plat  or 
map   showing   streets  on   Trunk   System. 

21.  City  Construction   Limit. 

Locate  limits  where  in  your  judgment  construction' 
should  stop  as  per  Federal  Act. 

22.  R.    F.    D.    Boxes— Trail. 
1— Right:   2— Left. 

Note  trail  followed,  if  any. 

23.  School    House — Town    Hall. 

S — School  house.  1 — Right. 

H— Town  hall.  2— Left. 

24.  Church — Factory. 

C— Church.  1— Right. 

F— Factory.  2— Left. 

25.  Farm    Residence — Cemetery. 

Cem. — Cemetery.  1 — Right. 

R — Farm    residence.  2 — Left. 

Write  owner's  name  in  each  mile. 

2(i.  1917  State  Aid  Work. 

Locate  as  near  as  possible  all  construction  for  which 
funds  are  available. 

27.  Miscellaneous. 

2S.  Location  of  Materials. 

Give  location  of  local  materials  available  for  con- 
struction and  maintenance. 

29.  Remarks. 

Describe  any  difficult  construction  feature,  extremely 
dangerous  point,  or  other  matters  of  interest. 


November  7,  1917. 


ENGINEERING    AND     CONTRACTING 


367 


at  the  top  of  the  sheet  and  make  estimates 
of  maintenance  and  imperative  construction.  All 
widths  of  right  of  way,  distances  between  ditches, 
widths  of  traveled  way  and  surfacing  are  estimated. 

The  title  of  the  specimen  sheet  shows  the  location 
of  the  road  and  mile  under  survey.  The  mile  begins 
with  a  gravel  road  in  good  condition  which  continues 
to  the  end  of  the  fifth  tenth,  where  there  is  an  earth 
road  in  medium  condition  which  continues  for  one- 
tenth,  where  it  becomes  poor  and  continues  so  to  the 
end  of  the  nine-tenth,  where  a  gravel  road  in  poor 
condition  begins  and  continues  to  the  end  of  the  mile. 
The  soil  for  the  entire  mile  is  a  light  clay.  Drainage 
good.  The  road  follows  the  surface  of  the  ground 
all  the  way.  The  width  of  traveled 
way  at  the  beginning  is  24  ft.,  the 
surfacing  is  15  ft.  This  continues 
to  the  center  of  the  second  tenth 
where  the  traveled  way  and  surfac- 
ing narrow  to  20  ft.  and  9  ft.,  re- 
spectively, and  so  continuing  to  the 
end  of  the  fifth  tenth.  The  last 
five-tenths  have  a  traveled  wav  of 
18  ft. 

In  the  second  tenth  there  is  a 
wooden  bridge  consisting  of  a  sin- 
gle span  of  90  ft.  14-ft.  roadway. 
The  floor  is  of  planks  in  poor  con- 
dition; distance  from  grade  to 
stream  bed  20  ft.  The  foundations 
are  of  stone  in  good  condition.  In 
the  third  tenth  there  is  a  concrete 
culvert  in  good  condition,  size  2 
ft.  X  2  ft.  X  24  ft.  long.  In  the 
eighth  tenth  is  a  steel  bridge  in 
good  condition,  a  single  span  of  62 
ft.,  16-ft.  roadway.  The  floor  is  re- 
inforced concrete  in  good  condi- 
tion; distance  from  grade  to  stream 
bed  29  ft.  The  foundations  are 
stone  in  good  condition. 

A  town  road,  carrying  light  traf- 
fic, turns  off'  to  the  right  in  the 
sixth  tenth.  This  mile  is  crooked 
at  the  beginning.  A  tortuous  curve, 
medium  vision,  reasonably  safe,  is 
shown  in  the  first  tenth.  In  the 
second  tenth  there  is  a  90°  turn  to 
the  left,  good  vision;  in  the  fourth 
tenth  a  90°  turn  to  the  right,  poor 
view,  exceedingly  dangerous;  and 
in  the  sixth  tenth  another  90°  turn, 
this  time  to  the  left,  good  view, 
safe.  In  the  ninth  tenth  there  are 
three  turns;  3°  to  the  right,  good 
view,  medium  safe;  80°  to  the  left, 
medium  view,  dangerous;  and  90° 
to  the  right,  medium  view,  medium 
safe.  An  advantageous  relocation 
of  the  entire  mile  is  possible. 

In  the  fourth  tenth  there  is  a 
dangerous  grade  crossing  with  the 
C.  &  N.  W.  Ry.  The  physical  con- 
dition of  the  crossing  is  good.  The 
same  thing  occurs  again  in  the 
eight  tenth.  Evidently  the  pur- 
pose of  the  suggested  relocation 
is  to  avoid  these  two  crossings.  In 
the  seventh  tenth  a  mail  box  be- 
longing to  Mr.   Black,  whose  resi- 


dence is  on  the  right-hand  side  of  the  road,  is  noted. 
This  indicates  that  the  road  is  a  mail  route  and  thus 
eligible  to  Federal  aid. 

It  is  estimated  that  this  mile  can  be  maintained  in 
reasonably  good  condition  in  1918  for  $250,  without 
any  additional  grading  or  culvert  construction. 

After  the  survey  is  complete,  a  summation  of  the 
total  number  of  miles  is  made.  To  insure  uniform- 
ity, estimates  of  maintenance  costs  are  made  from  a 
schedule  of  estimated  maintenance  costs  for  each  type 
and  condition  of  road.  These  range  from  $35  per 
mile  for  18-ft.  concrete  roads  in  first  class  condition, 
$150  per  mile  for  earth  roads  in  third  class  condition 
to  $450  per  mile  for  9  ft.  macadam  surfacing  in  third 
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Fig.  1 — Report  Sheet  for  Condition  Survey. 
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class  condition.  The  profile  shown  is  intended  to  in- 
dicate only  in  a  very  approximate  way  the  true  ground 
level,  and  is  plotted  from  observations  of  rise  and  fall 
made  by  the  observer,  assisted  by  a  gradiometer  at- 
tached to  the  body  of  the  car.  The  elevation  is  taken 
as  zero  at  the  beginning  of  each  mile.  No  attention 
is  given  to  light  grades  of  1  per  cent  or  2  per  cent 
or  to  the  very  short  grades  of  anything  less  than  6 
per  cent.  The  profile  indicates  whether  the  road  is 
smooth,  rolling  or  rough.  The  information  noted  is 
supplemented  by  photographs.  Each  party  carries  a 
camera  and  has  instructions  to  photograph  sections 
of  road  typical  of  the  mile  traversed,  also  any  partic- 
ular dangerous  situation.  These  photographs  are  at- 
tached to  the  mile  sheet  on  which  they  occur. 

The  work  is  practically  completed,  the  selection  of 
the  5,000-mile  system  requiring  condition  surveys  of 
about  7,500  miles  of  road.  The  cost  is  $1.20  per  mile. 
The  results  are  very  satisfactory  for  the  purpose  in- 
tended, and  it  is  doubtful  if  any  more  complete  infor- 
mation could  be  secured  in  any  other  way  except  at 
greatly   increased   costs. 


Maintenance  Cost  of  Bituminous  Macad- 
am and  Bituminous   Concrete 
at  Portland,  Me. 

Several  sections  of  the  state  highway  system  of 
Maine  lie  within  the  limits  of  Portland,  and  are  main- 
tained by  that  city.  The  following  data  on  this  work 
are  abstracted  from  the  recently  issued  report  of  Ed- 
ward M.  Hunt',  Commissioner  of  Public  Works: 

Section  1  of  the  highway  is  located  on  Danforth  and 
Vaughan  Sts.,  between  St.  John  and  Bowdoin  Sts.  It 
is  2,879  ft.  in  length  and  contains  8,657  sq.  yd.  The 
pavement,  a  bituminous  macadam,  was  completed  in 
1908  at  a  total  cost  of  $9,746,  or  $1.13  per  square  yard. 
Section  2  is  located  in  Vaughan  St.,  between  Bow- 
doin and  Congress  Sts.  The  surfacing  on  this  section 
is  bituminous  concrete.  It  covers  a  length  of  2,683  ft. 
and  a  yardage  of  8,807.  It  was  completed  in  1909  at 
a  cost  of  $9,068,  or  $1.03  per  square  yard.  Section  3 
is  located  on  Cumberland  Ave.,  between  High  and 
Elm  Sts.  This  also  is  a  bituminous  concrete  pave- 
ment. Its  total  length  is  1,702  ft.  and  its  yardage  is 
6,398.  It  was  completed  in  1910,  the  total  cost  being 
$8,434,  or  $1.31  per  square  yard.  The  maintenance 
cost  of  these  pavements  has  been  as  follows: 


SECTION    1— BITUMINOUS    M.\CAD.4M. 

Total 

Main- 

Surface 

main- 

tenance 

Date. 

Repairs. 

treatment. 

tenance. 

per  sq.  yd. 

190S 

1909 

5  90.00 

$  90.00 

$0.0104 

1910 

293.12 

?306.SS 

600.00 

0.0691 

1911 

69.50 

246.04 

315.54 

1912 

72. 3S 

157.77 

230.15 

0.0266 

1913 

95.76 

96.96 

192.72 

0.0223 

1914 

98.13 

100.58 

198.71 

1915 

60.87 

126.90 

187.77 

0.0217 

1916 

105.72 

105.72 

0.0122 

SECTION  2— BITUMINOUS   CONCRETE. 

1909 

1910 

.'.'.'.'.'.'.'.'.'.'.'.'.'.    $■  332.67 

$    332.67 

S6.'037S 

1911 

99.86 

$406.75 

506.61 

0.0575 

1912 

1.340.54 

66.35 

1.406.89 

0.1597 

1913 

1.0.55.03 

37.31 

1,092.34 

1914 

98.02 

152.07 
208.49 

250.09 
258.89 

0.02S4 

1915.... 

50.40 

0.0294 

1916 

SECTION   3— BITU] 

VIINOUS   CONCRETE. 
"  $447.28         ■  $552.26 

1911.... 

$104.98 

$0.0863 

1912 

449.38 

449.38 

1913 

761.41 

761.41 

1914 

312.64 

165.15 

477.79 

292.78 

113.51 
109.93 

406.29 
366.68 

0.0635 

1916.... 

256.75 

0.0573 

Comparative  Costs  of  Oregon 
Pavements 

Last  June  a  committee  was  appointed  from  the 
membership  of  the  Oregon  Society  of  Engineers  for 
the  purpose  of  obtaining  comparative  costs  of  con- 
structing the  pavements  that  have  been  most  fre- 
quently used  in  Portland  and  throughout  Oregon  in 
the  last  5  or  6  years.  The  report  of  the  committee 
was  submitted  in  July,  and  is  printed  in  the  October 
Journal  of  the  Society,  from  which  the  matter  fol- 
lowing is  taken: 

Costs  of  Bitulithic   Redress  and  Asphaltic   Concrete 
Redress. 

The  first  portion  of  these  costs  dealing  with  the 
cost  of  materials  and  of  labor,  both  at  the  paving 
plant  and  on  the  street,  is  based  upon  daily  cost  rec- 
ords kept  by  the  Bureau  of  Standards  of  the  City  of 
Portland  in  1915  and  1916  involving  the  laying  of  24,- 
842  sq.  yd.  of  2-in.  bitulithic  wearing  surface  and 
19,050  sq.  yd.  2V2-in.  asphaltic  concrete. 

Bitulithic  Asphaltic 

redress,  concrete, 

2-in.  2y2-in. 

thick.  thick. 

Materials —                                                                     Per  sq.  vd.  Per  sq.  yd. 

Asphaltic  cements  at  $10.50  per  ton $0,128  $0,147 

Sand  at  $0.45  per  cu.  yd 0.018  0.022 

Rock  screenings  at  $0.93  per  cu.  yd 0.032  0.081 

Portland    cement    O.OOO  0.001 

Crushed  rock  at  $0.93  per  cu.   yd 0.038  0.000 

$0,216  $0,251 
Mixing  Plant  Costs- 
Labor    $0,034  $0,042 

Fuel   oil    ($1.10   per   bbl.) 0.019  0.027 

Lubricating  oil    0.0007  0.0007 

Power    0.003  0.003 

$0.0567  $0.0727 

Haul   (average  of  3  miles) $0,061  $0,076 

Street  Costs —    ■ 

Labor    $0.0430  $0,057 

("oal   for  roller    ($6   per   ton) 0.0005  0.004 

Coal  oil  at  $0.10  per  gal 0.0004 

$0.0439  $0,061 

Total  for  materials  and   labor 0.38  $0.46 

Overhead — 

Maintenance    and    repairs      to      plant     and 

equipment     $0.02  $0.02 

Depreciation     and     obsolescence     of     plant 

and  equipment    (20  per  cent) 0.0462  0.0462 

Interest   on   plant   and   equipment   at    6   per 

cent     0.014  0.014 

Supervision  and  office  expense 0.065  0.06.5 

Taxes  and  use  of  plant  site 0.037  0.037 

Insurance     0.003  0.003 

Total    superintendence    and    overhead....     $0,185  $0,185 

Total   for   pavement $0,565  $0,645 

The  cost  allowance  of  $0.02  per  square  yard  for 
maintenance  and  repairs  to  plant  is  based  upon  the 
actual  guarantee  that  manufacturers  of  certain  pav- 
ing plants  are  willing  to  make  on  their  plants  for  a 

•  moderate  amount  of  paving.  The  cost  factor  for  de- 
preciation and  obsolesence  is  based  upon  plant  and 
equipment  valued  at  $15,000  and  upon  a  yearly  out- 
put of  65,000  ..sq.  yd.,  which  was  the  output  of  the 
the  contractors'  (Giebisch  &  Joplin)  plants  in  1915 
when  paving  in  Portland  was  far  less  in  quantity  than 
for  several  prior  years  and  when  the  Giebisch  &  Jop- 
lin plant  had  far  less  work  than  the  plants  engaged  on 
the  Multnomah  County  paving.  This  plant  running  at 
maximum  capacity  could  lay  this  amount  of  pave- 
ment wearing  surface  in  two  months.  During  the 
past  10  years  6,000,000  sq.  yd.  of  bituminous  paving 
have  been  laid  in  Portland  and  Multnomah  County 
so  the  average  for  the  six  plants  operating  during 
that  time  has  been  100,000  sq.  yd.  per  year  per  plant. 
The  factor  of  20  per  cent  for  depreciation,  which 
is  based  on  the  allowance  made  for  depreciation  on 
the  District  of  Columbia  paving  plant,  is  liberal,  for 
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the  Warren  Bros.  Co.  use  a  factor  of  10  per  cent  de- 
preciation on  their  plants. 

The  cost  of  supervision  and  office  expense  is  based 
upon  the  following  force:  A  superintendent  at  |2,400 
per  year,  one  bookkeeper  at  $1,200  per  year  and  a 
stenographer  at  $600.  This  force  is  considered  as 
working  throughout  the  entire  year  and  devoting  all 
its  attention  to  paving,  though  in  actual  practice  a 
force  of  this  kind  handles  many  other  contract  items 
than  paving  in  a  year's  work. 

The  cost  item  of  taxes  and  use  of  plant  site  is 
based  upon  the  payment  of  a  rental  of  $200  per  month 
for  a  plant  site.  This  is  a  far  higher  rate  than  prob- 
ably any  of  the  plants  in  Portland  pay. 

The  cost  of  scarifying  the  old  macadam  surface 
and  rounding  off  the  shoulders  with  crushed  rock  is 
generally  bid  on  separately  and  seldom  exceeds  $0.10 
per  square  yard. 

Cost  of  Laying  Bitulithic  and  Asphaltic  Concrete  on 
a  Crushed  Rock  Base. 

When  a  2-in.  bitulithic  wearing  surface  like  that 
described  above  is  laid  upon  a  crushed  rock  base 
which  has  been  thoroughly  compacted  to  a  thick- 
ness of  4  in.,  we  have  what  is  known  as  standard 
bitulithic  pavement.  The  asphaltic  concrete  wearing 
surface  is  also  laid  upon  a  similar  base.  The  cost 
nf  laying  such  a  crushed  rock  base'  by  spreading  a 
layer  of  crushed  rock  6  in.  thick  and  rolling  it  to  a 
final  thickness  of  4  in.  varies  from  $1.50  to  $2  per 
cubic  yard. 

Inasmuch  as  the  rock  is  paid  for  as  measured  loose 
before  compacting,  this  means  a  cost  of  from  25  to 
35  ct.  for  the  crushed  rock  base.  The  cost  then  of 
a  standard  bitulithic  pavement  and  of  an  asphaltic 
concrete  pavement  on  a  crushed  rock  base  is  as  fol- 
lows: 


standard  Bithulithic—  ■^^'inlV:?'' 

2-in,    wearing    surface : *"-°°° 

4-in.    crushed   rock  base : 


0.29 


Total    cost    $0,855 

Asphaltic  Concrete  on  Crushed  Rock  Base —  Per  sq.  yd. 

2%-in.  bituminous  top ^2on" 

4-in.  crushed  rock  base 0.29 

Total    cost    $0,935 

Cost  of  Laying  Bitulithic  and  Asphaltic  Concrete  on 
a  5-In.  Concrete  Base. 

The  bituminous  wearing  surfaces  are  often  laid 
upon  a  5-in.  concrete  base,  which  under  the  stand- 
ard specifications  of  the  city  of  Portland  is  com- 
posed of  1:3:6  mixture. 

The  cost  of  laying  such  a  base  is  about  as  follows: 

Per  sq.  yd. 

Cement,  0.147  bbl.  at  $2  per  bbl $0,294 

Sand,  0.075  cu.  yd.  at  ?0.50  per  cu.  yd 0.038 

Gravel.  0.15  a  yd.  at  $0.50  per  cu.  yd 0.073 

Hauling  (average  of  3  miles  at  $0.14  per  ton-mile) 0.126 

Rolling  and  sprinkling  sub-grade 0.010 

Forms 0-008 

Mixing  and  placing  on  basis  of  $0.75  per  cu.  yd 0.100 

Sprinkling  and   curing 0.020 

Maintenance   and   repairs   to    plant   and   equipment 0.010 

Depreciation    and    interest    on    equipment •  0.003 

Supervision     and     office     expense     (covered     under     bi- 
tuminous wearing  surface) 0.000 

Insurance    0.005 

$0,690 

Hence  the  total  cost  of  bitulithic  or  asphaltic  con- 
crete laid  on  a  concrete  base  is  about  as  follows: 

Bitulithic  o--  Concrete  Base —  Per  sq.  yd. 

2-in.  wearing  surface $0,565 

5-in.  concrete  base   0.69 

Total     $1,255 

Asphaltic  Concrete — 

21^-in.  bitulithic  top $0,645 

5-in.   concrete  base    0.690 

Total     $1,335 


Cost  of  Concrete  Pavements. 

Two  different  types  of  concrete  pavement  are  in 
vogue  in  Portland  and  vicinity.  In  Portland  a  con- 
crete pavement  6  in.  thick,  1-2-4  mix  without  ex- 
pansion joints  is  laid  under  the  city  specifications, 
while  on  the  Multnomah  County  Highway  work  in 
1915  a  pavement  6  in.  thick  consisting  of  a  l-lVa-S 
mix  with  armored  expansion  joints  was  laid. 

The  cost  of  the  1-1 1 2-3  armored  concrete  is  about 
as  follows : 

Materials —  Per  sq.  yd. 

Cement,  0.317  bbl.  at  $2  per  bbl $0,634 

Sand,  0.081  cu.  yd.  at  $0.50  per  cu.  yd 0.041 

Crushed  rock,  0.16  cu.  yd.  at  $1  per  cu.  yd 0.160 

Expansion   joints    0.040 

Total  materials   $0,875 

Hauling  (average  of  3  miles  at  $0.14  per  ton-mile) $0,130 

Rolling  and  sprinkling  sub-grade 0.010 

Forms    0.010 

Mixing  and  placing  at  $0.75  per  cu.  yd 0.120 

Sprinkling  and  curing 0.040 

Maintenance  and   repairs  to   equipment 0.010 

Depreciation    and    interest    on    equipment 0.003 

Supervision  and  office  expenses 0.065 

Insurance    0.005 

Total    $1,268 

The  cost  of  the  6-in.  1-2-4  concrete  pavement  with- 
out expansion  joints  as  laid  by  the  city  of  Portland 
is  about  as  follows: 


Cement,    0.248   bbl.    at   $2   per   bbl 

Sand.   0.075  cu.   yd.   at   $0.50   per  cu.   yd... 
Crushed  rock.  0.15  cu.  yd.  at  $1  per  cu.  yd. 


Per  sq.  yd. 
. .     $0,496 
..       0.038 
0.150 


Total  materials    $0,684 

Hauling   (average  3  miles  at  $0.14  per  ton-mile) 0.130 

Rolling   and    sprinkling   sub-grade 0.010 

Forms    0.010 

Mixing  and  placing  at  $0,075  per  cu.  yd 0.120 

Sprinkling  and   curing 0.030 

Maintenance  and  repairs  to  equipment 0.010 

Depreciation   and   interest   on   equipment 0.003 

Sunervision    and     office     expense 0.065 

Insurance    0.005 

Total  cost  $1,067 


Engineers  Wanted  by  Tennessee  State 
Highway  Department 

The  Tennessee  State  Highway  Department  will  hold 
an  examination  on  Nov.  19,  1917,  for  assistant  high- 
way engineers.  In  compliance  with  a  recent  law  en- 
acted by  the  Legislature,  highway  engineers  cannot 
be  employed  by  the  State  until  they  have  first  passed 
a  creditable  examination  before  the  Examining  Board, 
composed  of  the  State  Highway  Engineer,  the  Dean 
of  Engineering,  University  of  Tennessee,  and  the 
State  Geologist.  The  object  of  this  examination  is  to 
(jualify  engineers  that  they  may  be  selected  for  high- 
way work  in  connection  with  the  Federal  and  State 
aid  projects  within  the  state.  The  State  contemplates 
the  employment  of  about  10  or  12  additional  engineers 
immediately  for  this  work.  There  will  also  be  other 
positions  open,  such  as  instrument  men,  rodmen  and 
chainmen  to  fill  up  these  10  or  12  parties,  for  which 
there  is  no  examination  required  other  than  the  ap- 
plicant will  be  required  to  show  his  fitness  for  the 
position  for  which  he  applies. 

The  State  Highway  Department  is  now  preparing  a 
number  of  projects  to  be  passed  upon  by  the  Federal 
Government  with  an  idea  of  immediate  construction, 
and  has  ordered  that  the  unimproved  portions  of  the 
Memphis-to-Bri.stol  Highway  (610  miles  in  length) 
and  the  Dixie  Highway  (207  miles  in  length)  be 
immediately  prepared  as  the  first  projects  to  be  im- 
proved under  the  Federal  and  State  Aid  System.  Any 
information  concerning  these  positions  or  the  work 
may  be  obtained  by  addressing  Mr.  A.  M.  Nelson,  State 
Highway  Engineer,  Nashville,  Tenn. 
(95) 
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Cement  Saved  by  Using  Screened 

and  Remixed  Gravel  Instead 

of  Pit  Run  Gravel 

.  By  jAS.  P.  NASH, 
Testing  Engineer.  Road  Materials  Laboratory,  University 
of  Texas. 
While  opinion  among  engineers  seems  pretty  well 
crystallized  regarding  the  value  of  screening  and  re- 
mixing pit-run  gravel  to  obtain  a  more  satisfactory 
concrete  from  the  standpoint  of  strength  and  uniform- 
ity, there  seems  to  be  considerable  difference  of  opin- 
ion regarding  the  actual  economy  of  this.  The  specifi- 
cations of  many  cities  require  that  the  base  for  the 
paving  should  be  of  1 :7  concrete,  using  pit-run  gravel 
as  the  aggregate.  In  most  cases  specifications  were 
written  under  the  impression  that  this  obtains  as 
strong  concrete  as  a  1:3:6  mix  at  less  cost.  Below 
are  given  two  curves  to  show  the  fallacy  of  this. 


. 

/ 

4            Z 

1,2:  A     i                     /- 

< 

,                       .^ 

g 

t                   ^ 

» 

^      7 

t      JlAi 

^<=^ 

.        f 

■S 

.J-      J 

T'tt 

2  ^  jTt 

^M-tT-         ife 

■1;                                           Z 

-kj'    '-                 //.4 

'.^2         ~k^ 

1                                         -,,1-,     L 

L                   '^Z 

1     ^  i'^ 

&- 

1  y  '^^As    

i                            %     ' 

7iJSI  ZhS  / 

I 

/T  T 

14.^ 

ipoo                             ^        \     /^ 

%■  -t- 

%1C 

Ar 

1     ^ 

300                                    J/'-i'.a 

+ 

\'o  of  Sscks  of  Cemeni  p«r  uara  of  Ccncr"^  : 

Fig.    1 — Strength    of    Concrete    Using    Pit    Run    Gravel    and    Same 
Gravel    Screened    and     Remixed. 

The  gravel  used  in  these  tests  was  a  clean  river 
gravel  taken  from  the  Colorado  River,  having  52  per 
cent  of  quartz,  flint  and  limestone  pebbles  above  ^ 
in.  in  size.  The  sand  below  Vi  in.  was  well  graded 
and  free  from  clay  and  loam.  It  can  be  seen  there- 
fore that  this  is  a  good  grade  of  pit-run  gravel.  The 
specimens  tested  were  8xl6-in.  cylinders,  an  aver- 
age of  two  tests  being  used  in  plotting  the  curves. 
The  sand  (material  under  %  in.)  and  the  coarse  ag- 
gregate (pebbles  over  %  in.)  used  in  the  re-propor- 
tioned mixes  were  obtained  by  screening  the  pit-run 
gravel  through  the  U-in.  sieve.  The  concrete  made 
from  the  1:3:6  mix  showed  lower  strength  than  the 

AMOUNT    OF    MATERIALS   REQUIRED    TO    MAKE    1    CU.    YD. 


OF   CONCRETE, 
gravel    having    52%    material    over    Vi 
.sand  passing  the  Vi-'va.  sieve.) 


Gravel   used    Sand    used, 
1    CU.  yd.,  per       cu.    yd.. 
I        CU.    yd.    of     per    cu.    yd. 
s.        concrete,      of     concrete. 
91  .455 


Cement, 
sacks,   per 
cu.   yd.   of 
laid    con- 
crete. 

3.06 

4.25 

3.44 

4.91 

3.92 


in.    and    48%    of 

Saving   of 
cement  by 
using 
screened 
material. 
No.  of  sacks. 


1:310:7  mix  and  was  eliminated  from  the  curves  as 
it  was  manifestly  an  error.  This  low  strength  was 
due,  it  is  believed,  to  the  fact  that  this  mix  was  made 
from  the  remaining  portion  of  the  aggregate  and  had 
accumulated  more  large  stones  than  it  should  have 
had. 

From  the  curves  in  Fig.  1  it  may  be  seen  that  the 
1 :5  mix  and  the  1 :2 :4  mix  require  practically  the  same 
amount  of  cement  per  yard  of  laid  concrete,  while 
the  concrete  made  from  the  latter  developed  about 
15  per  cent  greater  strength.  The  l:2y2:5  mix  pro- 
duced concrete  having  14  per  cent  more  strength  than 
the  1:6  mix  in  spite  of  the  fact  that  the  latter  re- 
quires 0.4  sacks  more  cement  to  a  yard  of  laid  con- 
crete than  the  former.  In  the  concretes  having  less 
cement  the  difference  is  more  apparent.  The  1:3%  :7 
mix  obtains  a  stronger  concrete  than  the  1 :7  mix, 
while  the  latter  required  0.8  sacks  more  cement  to 
the  yard  of  concrete  than  if  the  materials  had  been 
screened  a^d  remixed  1  part  cement,  3I2  parts  sand 
and  7  parts  screened  gravel. 
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Fig.    2 — Amount    of    Cement    Saved    by    Screening    and     Remixing 

Gravel,    Keeping    Proportion   of  Cement   and   Gravel   the   Same, 

But    Adding   to   the    Screened    Gravel    '2   as   Much    Sand. 

The  curve  in  Fig.  2  shows  the  amount  of  cement 
that  was  saved  by  screening  the  gravel  through  the 
14-in.  sieve  and  remixing  in  the  proportions  of  half 
as  much  sand  as  screened  gravel.  In  other  words,  the 
curve  shows  that  the  pit  gravel  used  to  make  the  1:7 
mix,  when  screened  and  remixed  in  the  proportions 
of  1:3 '2:7,  requires  0.8  sacks  less  cement  to  make  a 
cubic  yard  of  concrete.  This  is  in  spite  of  the  fact 
that  the  latter  shows  a  20  per  cent  increase  in  strength. 
It  seems  very  probable  that  if  these  tests  were  car- 
ried out,  using  various  grades  of  pit-run  gravel,  it 
would  be  found  that  a  point  would  be  reached  where 
the  amount  of  sand  in  the  pit-run  gravel  would  be  so 
small  that  it  would  not  prove  economical  to  screen 
and  remix  the  aggregates.  This  probably  would  be  a 
gravel  containing  close  to  35  per  cent  sand.  Most  of 
the  natural  gravels,  however,  tend  toward  the  other 
extreme  and  in  many  natural  gravels  there  are  but 
40  per  cent  of  pebbles  over  14  in.,  so  the  curves  given 
here  are  conservative  rather  than  otherwise. 

In  the  table  are  given  the  amounts  of  material  re- 
quired to  make  a  cubic  yard  of  concrete  using  this 
gravel,  which  should  be  approximately  correct  for 
any  gravel  having  the  same  proportion  of  sand  and 
coarse  aggregate.  It  is  believed  that  the  amount  of 
pit-run  gravel  or  screened  gravel  required  for  a  cubic 
'.'.'.  yard  of  concrete  will    be    but    little    different  even 

-^^_  though  the  proportion  of  sand  in  the  pit-run  gravels 

.99  vary  considerable.     The  saving  in  cement,  however, 

i.28  would  be  greater  in  direct  ratio  with  the  amount  of 

x'zl  sand  in  the  pit-run  gravel. 

(96) 


November  7,  1917. 


ENGINEERING    AND     CONTRACTING 


371 


Considerations     Governing     the 

Clioice  of  Various  Types  of 

Road  Construction 

The  various  factors  controlling  the  selection  of 
type  of  road  construction  were  outlined  in  a  general 
way  in  a  paper  presented  at  the  recent  joint  meet- 
ing of  the  County  Commissioners  and  County  Engi- 
neers of  the  State  of  Washington  by  L.  V.  Edwards, 
Professor  of  Highway  Engineering  at  Washington 
State  College.     An  abstract  of  the  paper  follows: 

When  any  highway  improvement  is  undertaken 
the  object  to  be  sought  is  to  select  the  type  of  con- 
struction which  will  serve  the  traffic  to  be  carried 
at  the  lowest  annual  cost  per  unit.  To  make  that 
statement  clear  it  must  be  kept  in  mind  that  the 
three  main  items  of  expense  of  n  road  surface  are 
first  cost,  maintenance  cost,  and  interest  on  the 
money  invested.  These  are  all  variables  and,  with 
the  exception  of  the  interest  rate,  depend  upon  local 
condition.  The  problem,  therefore,  resolves  itself 
into  a  study  of  local  conditions,  which,  with  a  knowl- 
edge of  the  characteristics  and  the  traffic-resisting 
qualities  of  the  several  kinds  of  surface,  make  it 
possible  to  select  that  type  of  construction  which 
will  at  least  approximately  serve  the  traffi.c  at  a 
minimum  cost. 

When  considering  the  type  of  road  to  be  built  there 
fs  no  question  but  what,  in  many  cases,  too  much 
weight  is  given  to  the  first  cost  of  construction  and 
not  enough  to  maintenance  costs  and  other  consid- 
erations. The  tendency  has  been  to  select  the  cheap- 
est road,  with  the  hope  that  maybe  it  will  prove  to  be 
the  best.  The  great  demand  for  as  much  mileage  of 
improved  highway  as  it  is  possible  to  get  with  the 
amount  of  money  available,  even  though  it  ma.v  be 
second  rate,  undoubtedly  has  had  much  to  do  with 
the  selection  of  unsuitable  surfaces.  Many,  however, 
are  now  beginning  to  realize  that  it  is  the  poorest 
sort  of  economy  to  spend  two-thirds  enough  money 
constructing  a  surface  that  immediately  fails,  thus 
requiring  excessive  maintenance  work  if  the  highway 
is  to  be  kept  in  passable  condition,  as  would  be  re- 
quired to  construct  a  different  kind  which  would  have 
sufficient  strength  and  durability  to  carry  the  traffic 
with  only  a  small  annual  cost  for  maintenance. 

As  has  just  been  pointed  out,  for  economical  re- 
sults, maintenance,  interest  and  the  volume  of  traffic 
must  be  considered.  It  is  evident,  therefore,  that 
there  is  no  type  of  construction  that  will  give  eco- 
nomic results  under  all  conditions.  The  type  of  road 
costing  $15,000  per  mile  may  be  more  economical  in 
one  case,  while  in  another  case  traffic  may  be  so  light 
that  $1,000  per  mile  would  be  the  proper  amount  to 
expend.  If  all  the  different  roads  in  a  county  were 
surfaced  with  the  proper  type  in  each  case,  to  give 
the  least  annual  cost  per  unit  of  traffic,  there  would 
necessarily  have  to  be  many  different  kinds  in  use 
to  satisfy  the  variable  conditions.  There  would  prob- 
ably have  to  be  a  large  mileage  of  earth,  gravel  and 
macadam,  as  well  as  of  the  more  durable  types,  such 
as  bituminous  concrete  and  brick.  A  point  to  be 
noted  is  that  with  such  a  system  the  annual  cost  per 
unit  of  traffic  would  be  the  same  on  the  earth  or 
gravel  as  it  would  be  on  the  bituminous  concrete  or 
brick. 

It  has  already  been  intimated  that  local  conditions 
are  the  important  things  that  must  be  studied  before 
it  is  possible  to  decide  upon  the  correct  type  of  con- 
struction in  any  given  case.    A  study  must  be  made 


of  the  climatic  conditions;  the  effect  of  moisture  and 
frost  action  on  the  subgrade — in  other  words,  drain- 
age; the  quality  and  ayailability  "Of  road  building  ma- 
terials; the  kind  and  amount  of  traffic,  etc.  These  not 
only  have  a  bearing  on  the  first  cost,  and  therefore  the 
selection  of  the  proper  type,  but  also  affect  or  control 
the  design  of  the  type  that  is  to  be  used. 

Highway  engineers  probably  commit  more  sins  on 
account  of  insufficient  knowledge  of  subgrade  condi- 
tions than  on  any  other  part  of  the  work.  One  of  the 
things  that  must  be  studied  to  obtain  a  proper  knowl- 
edge of  the  conditions  is  the  nature  of  the  soil  in  the 
subgrade  from  one  end  of  the  improvement  to  the 
other.  This  would  probably  involve  a  determination 
of  the  approximate  amount  of  mineral  matter  present 
and  the  effect  that  water  and  frost  would  have  on  this 
material.  The  engineer  must  know  the  topography 
of  the  locality  and  the  laws  governing  the  flow  of  both 
surface  and  underground  water  to  be  able  to  know 
what  effect  these  will  have  on  the  finished  roadway. 
He  must  also  know  the  supporting  power  of  the  sub- 
grade  at  least  at  the  points  where  it  is  weakest  in 
order  to  design  a  surface  that  will  be  sufficiently 
strong  to  carry  the  road  over  these  places.  The  sup- 
porting power  of  any  subgrade,  no  matter  what  care 
has  been  taken  in  its  preparation,  is  a  very  variable 
quantity.  It  is  therefore  not  to  be  wondered  at  that 
when  miles  of  pavement,  having  a  uniform  thickness, 
which  means  also  uniform  strength,  is  placed  on  this 
unequal  support,  parts  of  the  pavement  fail  while 
other  parts  remain  good.  Think  of  the  money  that 
could  be  saved  if  engineers  knew  enough  to  vary  the 
thickness  of  the  surfaces  during  construction,  within 
the  proper  limits,  to  take  advantage  of  this  unequal 
supporting  power. 

Traffic  is  one  of  the  main  factors  that  must  be  con- 
sidered in  the  selection  of  a  type  of  surface.  The  im- 
portance of  the  need  of  knowing  at  least  the  approxi- 
mate amount  of  traffic  that  our  highways  are  carry- 
ing cannot  be  overestimated.  It  does  not  seem  reason- 
able that  one  would  undertake  to  build  a  structure  to 
perform  a  certain  service  wheij  he  knows  nothing,  or 
practically  nothing,  about  the  nature  of  the  service 
to  be  performed.  This,  however,  is  being  done  every 
day  in  highway  work.  Owing  to  the  large  number  of 
variables  which  influence  the  volume  of  traffic  that 
any  highway  may  have,  a  considerable  amount  of  in- 
vestigation has  to  be  made  before  it  is  possible  to 
make  a  reliable  estimate  of  the  daily  or  annual  traffic 
that  any  road  may  have  during  its  life.  Fortunately, 
however,  to  serve  a  good  purpose  in  determining  the 
type  of  road  to  construct,  it  is  not  necessary  that  an 
exact  knowledge  of  the  traffic  to  be  served  be  known. 
If  the  traffic  estimated  is  within  50  per  cent  of  the 
correct  amount  this  would  be  a  great  deal  better  than 
knowing  nothing  about  it  at  all,  as  is  so  often  the  case 
at  the  present  time. 

The  best  way,  of  course,  to  find  out  the  traffic  any 
road  is  carrying  is  to  make  a  count  or  take  a  traffic 
census.  To  get  absolutely  correct  results  would  re- 
quire that  a  count  be  made  every  day  in  the  year,  but 
sufficiently  reliable  results  can  be  obtained  if  the 
count  is  taken  for  10  to  14  hours  every  3d,  5th  or  13th 
day  throughout  the  year,  or  at  less  frequent  intervals 
if  the  importance  of  the  road  did  not  justify  it.  A 
splendid  idea  of  the  relative  importance  of  the  sev- 
eral roads  in  a  county  can  be  had  by  taking  as  little 
as  one  count  extended  over  a  period  of  2  or  3  days 
simultaneously  on  all  the  roads.  Even  a  very  little 
traffic  data,  if  studied  in  connection  with  other  things, 
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will  often  make  it  possible  to  predict  with  a  reason- 
able degree  of  accuracy  what  the  traffic  will  be,  and 
give  a  good  idea  of  the  rate  of  increase.  Some  of  the 
things  to  be  considered  which  affect  the  volume  of 
traffic  are:  Population,  assessed  valuation  of  the 
property,  the  nature  of  the  agricultural  work,  the 
number  of  autos  and  other  vehicles  in  use,  whether 
the  road  is  a  section  of  a  trunk  line  highway  or  not, 
and  the  probable  rate  of  increase  of  these  conditions. 
For  example,  the  rate  of  increase  of  the  tributary  pop- 
ulation to  the  increase  of  volume  of  traffic  does  not 
vary  directly  with  the  increased  tributary  population, 
but  as  the  square  of  the  population,  other  things  be- 
ing equal.  This  means  that  when  the  population 
doubles  the  traffic  on  the  highway  will  be  increased 
four  times. 

Sometimes  the  traffic  on  a  highway  increased  sev- 
eral hundred  per  cent  immediately  after  it  has  been 
improved.  This  is  to  be  expected  if  the  tributary  and 
parallel  roads  are  in  poor  condition.  This  will  tend 
to  decrease  when  these  tributary  roads  are  improved. 

When  making  comparisons  of  two  different  types 
of  surfaces  for  the  same  highway  several  things  must 
be  considered  besides  the  first  cost  and  annual  main- 
tenance cost.  Suppose,  for  example,  that  a  bituminous 
concrete  surface  is  being  compared  with  a  water- 
bound  macadam  (assuming,  of  course,  that  it  would 
be  possible  to  maintain  a  macadam  surface  where  the 
traffic  was  heavy  enough  to  justify  a  bituminous  con- 
crete surface)  ;  even  though  the  unit  cost  of  traffic 
might  figure  the  same  for  the  two  types,  the  superior 
degree  of  service  furnished  by  the  bituminous  con- 
crete would  be  a  point  in  its  favor.  Also  the  less 
rolling  resistance  to  traffic,  less  damage  to  vehicles, 
particularly  the  tires  of  automobiles,  and  its  appear- 
ance would  all  be  points  in  favor  of  the  more  costly 
type,  while  the  waterbound  macadam  would  have  the 
advantage  from  the  standpoint  of  better  foothold  for 
horses.  Another  thing  must  be  considered  when  mak- 
ing the  comparison  between  the  two,  and  that  is  the 
value  of  the  pavement  when  it  has  reached  the  stage 
where  it  is  necessary  to  reconstruct  the  surfaces.  This 
residual  value,  as  it  may  be  called,  may  be  as  much 
as  75  per  cent  of  the  original  cost  in  one  case  while 
in  the  other  it  may  be  practically  zero.  To  illustrate: 
Suppose  a  bituminous  concrete  surface  originally  con- 
structed of  3  in.  of  bituminous  concrete  on  a  7-in. 
Portland  cement  foundation.  At  the  end  of  20  years, 
Kay,  the  bituminous  portion  of  the  pavement  may  have 
to  be  reconstructed,  in  which  case  it  might  be  only 
necessary  to  clean  the  bituminous  surface,  rip  it  from 
the  concrete  foundation,  reheat  it,  and  add  enough 
bituminous  cement  and  mineral  aggregate  to  give  it 
the  proper  quality  and  enough  volume  to  allow  for 
the  loss  in  wear,  replace  on  the  old  concrete  founda- 
tion and  the  pavement  would  be  good  for  another  20 
years.  It  is  evident  that  this  second  construction 
would  cost  only  a  small  per  cent  of  the  first. 

Experienced  highway  engineers  who  know  the  life 
history  of  the  various  types  of  construction  and  their 
behavior  under  different  climatic  and  traffic  condi- 
tions are  able  to  predict  with  a  reasonable  degree  of 
accuracy  the  behavior  of  any  type  of  construction 
when  subjected  to  a  known  set  of  conditions.  It  is 
the  adjusting  of  the  knowledge  of  the  different  types 
to  the  local  conditions  so  that  traffic  will  be  served 
at  the  lowest  unit  annual  cost  that  solves  the  prob- 
lems. This  problem  is  essentially  an  engineering  one, 
and  is  worthy  of  the  most  conscientious  effort  of  the 
best  trained  engineers. 


The  Work  of  Massachusetts  State 
Highway  Commission  in  1916 

During  the  year  ending  Nov.  30,  1916,  the  Massa- 
chusetts State  Highway  Commission  completed  work 
on  about  31  miles  of  State  highway,  portions  of  which 
were  laid  out  in  1915.  Construction  was  commenced, 
but  not  completed,  on  over  17  miles  of  roads  in  18 
cities  and  towns.  Layouts  were  made  of  about  54.47 
miles  of  State  highway  in  39  cities  and  towns.  The 
total  length  of  State  highways  at  the  end  of  the  year 
was  1,154.98  miles.  The  total  expenditures  by  the 
Commission  for  the  construction  of  State  highways 
since  the  work  began  (the  first  State-aid  law  was 
passed  in  1892),  including  the  planting  of  trees, 
amounts  to  $11,643,799,  according  to  the  recently 
published  1916  report,  from  which  these  notes  are 
taken. 

The  roads  completed  in  1916  included  30.60  miles 
of  State  highways,  45.01  miles  of  highways  under 
the  provisions  of  the  "small  town"  act,  39.52  miles 
of  highways  under  the  provisions  of  chapter  525  of 
the  Acts  of  1910,  and  23.96  miles  of  highways  under 
the  provisions  of  special  acts,  making  a  total  of 
139.09  miles.  Of  the  total,  11.22  miles  were  of 
water-bound  macadam;  46.25  miles  were  of  gravel; 
3.48  miles  were  of  sand  bound  with  asphalt;  18.61 
miles  were  of  bituminous  macadam;  that  is,  macadam 
with  bituminous  binder  incorporated  in  the  top 
course;  15.04  miles  were  of  waterbound  macadam 
with  an  oil  surface  applied;  3.93  miles  were  of 
crushed  gravel  with  the  top  surface  bound  with  as- 
phalt; 5.17  miles  were  of  cement  concrete;  10.93 
rniles  were  of  gravel  with  an  oil  surface  applied; 
14.95  miles  were  of  sand  and  oil,  layer  method;  .82 
of  a  mile  of  broken  stone  and  tar,  mixed;  .38  of  a 
mile  was  of  Warrenite;  .06  of  a  mile  was  of  granite 
block  on  a  concrete  foundation;  and  8.25  miles  were 
dirt  roads;  that  is,  surfaced  with  the  best  available 
material. 

The  Commission  continued  its  policy  of  the  last 
few  years  of  building  stronger,  wider  roads,  with 
much  less  crown  on  all  the  main  lines  of  traffic.  This 
policy  has  been  followed  not  only  in  the  construction 
of  new  roads,  but  in  the  resurfacing  of  the  old  ones. 
On  main  lines  the  hardened  surface  has  been  wid- 
ened from  the  standard  of  15  ft.  a  few  years  ago  to 
a  minimum  width  of  18  ft.  on  the  straightaway,  with 
shoulders  3  ft.  in  width  on  each  side,  and  21  ft.  or 
more  on  the  curves.  All  c&rves  have  been  banked 
where  possible  with  a  pitch  of  from  %  in.  to  ^4  in. 
to  the  foot  of  width. 

On  many  main  lines  when  the  road  has  been  re- 
surfaced, it  has  been  necessary,  because  of  the  heavy 
motor  traffic,  to  put  in  a  foundation,  to  make  the 
road  stronger.  The  Commission  on  these  main  lines 
has  continued  to  build  roads,  using  some  form  of 
bituminous  construction  on  the  top,  or  else  it  has 
built  them  of  cement  concrete.  The  materials  used 
have  varied  with  the  estimated  amount  of  traffic  and 
the  weight  of  traffic  that  may  use  the  road,  the  ma- 
terial available,  and  other  local  conditions. 

On  the  main  routes  it  has  built  broken  stone  roads 
and  grouted  them  with  tar  or  asphaltic  products,  or 
it  has  used  a  surface  made  of  hot  gravel  mixed  with 
hot  asphaltic  oil. 

On  Cape  Cod,  where  the  traffic  is  usually  light  in 
weight  though  extensive,  and  sand  is  abundant,  it 
has  continued  to  construct  roads  made  of  sand  heated 
and  mixed  with  a  hot  asphaltic  oil.     Some  of  these 
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roads  constructed  six  or  more  years  ago  are  still  car- 
rying the  traffic  satisfactorily. 

Mixed  gravel  and  asphalt,  and  safid  and  asphaltic 
oil,  have  been  used  to  quite  an  extent  on  a  good  many 
miles  of  road,  both  for  widening  the  old  macadam 
road  and  for  a  top  surface  about  2  in.  thick. 

Where  bituminous  materials  were  used  and  grouted 
into  the  broken  stone,  and  wherever  heavy  traffic, 
especially  motor  trucks,  would  probably  use  the  road, 
3-in.  stone  was  used  on  the  top  surface,  this  being 
thoroughly  rolled,  and  the  hot  bitumen  sprayed  in 
under  pressure.  The  smaller  sizes  of  stone  were 
then  rolled  in  before  a  surface  coat  was  applied. 

On  grades,  the  Commission  has  continued  in  many 
places  to  grout  the  top  course  of  3-in.  stone  with  a 
hot  mixture  of  tar  and  sand  leaving  the  top  surface 
rough,  hoping  that  it  will  prove  less  slippery  for 
horses.  It  has  also  for  the  same  reason  omitted  the 
bituminous  surface  coat  in  some  places.  This  may 
help  for  a  time,  but  the  Commission  fears  that  the 
road  surface  will  eventually  begin  to  ravel  or  dis- 
integrate because  of  the  little  holes  where  water  can 
penetrate  the  road  and  freeze,  and  that  then  the  sur- 
face coat  will  have  to  be  applied. 

On  main  lines  the  Commission  has  more  and  more 
each  year  favored  the  building  of  cement  concrete 
loads.  Whenever  the  Commission  has  built  concrete 
roads,  it  has  made  them  at  least  18  ft.  in  width,  and 
has  used  a  good  deal  of  care  in  preparing  the  drain- 
age and  foundation.  It  is  using  the  best  quality  of 
materials — cement,  sand  and  stone  carefully  propor- 
tioned. It  is  building  roads  at  least  5  in.  thick  on 
the  sides  and  7  in.  thick  in  the  center  where  condi- 
tions are  good,  and  6  in.  in  thickness  on  the  sides 
and  8  in.  in  the  center  where  they  are  not.  For  the 
last  two  years  the  Commission  has  been  using  some 
dehydrated  lime  with  the  cement  to  make  a  denser 
mixture  and  prevent  the  expansion  due  to  moisture. 

The  Commission,  while  building  stronger  and  more 
e.xpensive  roads  where  the  traffic  will  be  heavy,  has 
continued  its  policy,  especially  in  the  western  part 
of  the  State  where  the  traffic  is  light  in  weight  or 
consists  mainly  of  automobiles,  of  trying  to  get  the 
main  routes  widened  and  improved  so  that  they  can 
be  used  in  safety  and  comfort  during  the  summer 
at  least.  Here  gravel  roads  have  been  built,  where 
gravel  was  obtainable,  otherwise,  the  best  material 
available  has  been  used.  Every  effort  has  been  made 
to  try  to  get  a  reasonably  good  road  constructed,  with 
proper  drainage,  good  alinement,  reasonable  grades, 
and  a  stone  or  gravel  foundation  where  necessary. 
This  has  seemed  a  wise  policy  to  pursue,  for  if  bet- 
ter and  more  expensive  roads  were  built  in  one  place, 
the  construction  of  roads  in  other  places  would  nec- 
essarily be  delayed. 

The  first  and  most  necessary  thing  to  be  done  was 
to  keep  in  as  good  condition  as  possible  the  exist- 
ing State  highways,  over  1,100  miles  in  length.  This 
was  done  by  constant  patching  and  the  use  of  bitumi- 
nous covering.  The  drainage  also  had  to  be  kept 
open.  On  practically  all  State  highways  there  were 
either  section  men  or  repair  gangs  in  charge  of  the 
maintenance  to  keep  the  roads  at  all  times  in  proper 
repair. 

Bituminous  materials  were  used  during  the  year 
on  practically  all  the  State  highways  that  had  not 
been  constructed  of  concrete  or  paved,  unless  re-' 
cently  resurfaced  with  bituminous  materials. 

The  Commission  used  in  1910  over  3,800,000  gal. 
of  various  tar  and  asphalt  products,  either  in  con- 
struction  or  for  surface   treatments    and    patching. 


Much  of  this  bitumen  was  used  in  the  construction 
and  maintenance  of  town  roads. 

During  the  year  over  51 1/2  miles  of  State  high- 
way were  resurfaced,  23%  miles  were  widened  but 
not  resurfaced,  and  40  miles  were  widened  and  re- 
surfaced. 

The  total  cost  of  this  work  of  widening  and  resur- 
facing was  over  $657,000,  the  widening  costing  over 
$156,000. 

The  resurfacing  alone  cost  over  $500,000,  or  an 
average  of  nearly  $10,000  per  mile.  This  large  ex- 
penditure was  necessary,  not  only  because  of  the 
high  cost  of  labor  and  materials  this  year,  but  also 
because  many  of  the  roads  had  to  be  entirely  recon- 
structed -and  a  foundation  put  in  as  well.  In  sev- 
eral places  a  cement  concrete  road  was  built  to  re- 
place the  old  macadam,  making  practically  a  new 
road  except  for  the  existing  grading  and  drainage. 

Ordinary  maintenance  includes  the  cost  of  the 
patching  done  by  the  section  men  in  charge  of  the 
roads.  This  ordinary  maintenance  cost  over  $322,- 
000,  or  about  $280  a  mile  for  the  1,155  miles  of  State 
highway.  Of  course,  some  of  the  newer  roads  re- 
quired very  little  maintenance.  The  maintenance 
alone  cost  over  $145,000,  or  about  $125  a  mile,  and 
the  patching  alone  cost  over  $177,000,  or  about  $155 
a  mile. 

Probably  the  first  item  would  fairly  represent  the 
average  maintenance  cost  on  all  the  roads,  but  the 
cost  of  patching  would  be  much  above  the  average 
cost  if  it  were  figured  only  on  the  roads  that  really 
required  substantial  patching. 

A  much  fairer  estimate  would  distribute  the  $177,- 
000  spent  in  patching  alone  over  700  to  800  miles 
of  the  older  highways  that  really  had  to  be  patched, 
which  would  make  the  cost  of  patching  from  $220  to 
$250  a  mile. 

More  than  600  miles  of  the  older  State  highways 
were  coated  with  light  oils  or  cold  tars.  This  work 
cost  over  $164,500,  or  an  average  of  about  $274  a 
mile.  Most  of  these  roads  had  been  coated  in  former 
years,  so  that  only  a  very  small  quantity  of  the  bi- 
tuminous material  was  spread  on  each  square  yard, 
usually  from  1/5  gal.  to  %  gal.  Consequently,  only 
a  small  quantity  of  sand  or  gravel  covering  was  re- 
quired. On  a  few  miles  of  road  a  larger  quantity 
had  to  be  used,  and  the  expense  was  greater  in  con- 
sequence. On  a  few  miles,  where  the  traffic  was  ex- 
tremely heavy,  a  second  application  was  made  dur- 
ing the  season. 

Taking  the  700  to  800  miles  of  the  older  State  high- 
ways of  water-bound  macadam,  or  gravel,  or  sand 
and  oil,  that  were  maintained  by  patching  and  by 
the  use  of  some  bituminous  coat  on  the  surface,  the 
total  cost  of  maintenance  was  from  $620  to  $650  a 
mile. 

The  total  amount  spent  by  the  Commission  for  re- 
surfacing, widening  and  the  above  maintenance  was 
over  $1,140,000.  Much  more  money  would  have  been 
spent  but  for  the  scarcity  and  high  cost  of  labor. 
The  cost  of  all  work  in  1916  was  much  greater  than 
in  the  previous  year;  perhaps  25  to  35  per  cent  was 
the  normal  increase. 

During  the  last  5  years  the  Commission  has  only 
had  money  enough  available  to  resurface  251  miles 
of  the  older  State  highways.  When  this  resurfacing 
was  done,  124  miles  of  road  were  widened.  During 
the  last  two  years  41  miles  of  the  old  State  highways 
were  widened  but  were  not  resurfaced,  making  165 
miles  in  all  that  have  been  widened. 
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Finish  Drag  for  Shaping  Sub  Grade 

Excellent  results  in  shaping  the  subgrade  on  State 
highway  work  in  California  is  being  obtained  by  use 
of  a  wooden  drag.  After  the  rough  grading  is  fin- 
ished and  the  headers  set,  the  subgrade  between 
strips  is  thoroughly  scarified.  An  estimate  of  the 
amount  to  allow  for  compression  after  rolling  is 
then  made  and  the  cutting  edges  of  the  drag  set  ac- 
cordingly by  the  shims  at  "A"  (see  Fig.  1). 

The  drag  is  ordinarily  pulled  by  the  roller,  al- 
though if  desired,  stock  can  be  used.  The  movement  of 
the  roller  forces  all  excess  dirt  to  the  edges  at  "B" 


this  keeps  the  cutting  edges  full,  otherwise  it  is  nec- 
essary to  stop  and  shovel  in  material  from  within, 
which  is  slow  and  expensive,  and  the  slight  cost  of 
removing  the  excess  dirt  is  balanced  by  availability 
and  ease  with  which  it  can  be  used  later  for  curing 
concrete. 


Roller  Method  of  Finishing  Con- 
crete Roads 

The  new  specifications  for  concrete  road  construc- 
tion of  the  Kansas  State  Highway  Commission,  of 
which  Mr.  W.  S.  Gearhart  is  State  Highway  Engineer, 


Skids  shod  with  str 


Detail 
of 


U?-. 


strap  Iron  bentaround 

top  of  plow  point  ^^>^^ 

Iron  straps  to  be-  ' ''  /^^^ ' 

brought  to  a  stiarp  ^^^  <^ 

^         oint  and  exiended--., 

ahead  of  plow 


7^ 


Iron  straps  to  be 
sharpened  to  a  chisel 
edge  and  extended^ ' 
livelow edges  ^=^0 
of  plows. 
i"Bolt5 


Detail  of  Cut-Out 
Washers  to  be  used  as 
shims  to  lower  plows. 
\^pplyatPts/ 


fastened  withZ"  screws  ctsk-  2"Ctrs 


Wood  Wedge     \    \ 
Ij' thick  at  ctr.V  \ 


2"x4"Tru5S-Center 


-^Jl 


1^1 
Plan 


^^ 


;^^— 2— ,,„^      '^^.t^.toeaohcrpie^'''--^!:^-^^  -H^"k- 


^3^ 


End  View 


acii 


Side  View 
Fig.  1 — Finish  Drag  for  Shaping  Subgrade  Preparatory  to  Rolling. 


Bill      or      Materia 

LS 

L  UMBER 

3  Pc.  2"x4" 

10-0" 

2  Pc.  6"x(9" 

20'-0" 

6  Pc.  Z"xl2" 

l5'-0" 

2  Pc   2'Va" 

20'-0" 

4  Pc.   2"x  6" 

l3'-8" 

4  Pc.  2"x4" 

l3'-d" 

4  Wedges  as  shown 

A II  lumber  to  be  rough 

Oregon  pine  free  of  knots 
ana  checks. 

Hardware 

2     i'  Eyebolts 

15" 

12    i"  Bolts 

15" 

12    i"  Bolts 

8" 

3     1"  Bolts 

r 

28   1"  Bolts 

6§- 

16    1"  Bolts 

52  I"  Bolts            , 

5" 

2i- 

2  Pc  Strop  Iron  i'xb 

20'-0" 

2  Pc.  Strap  Iron  i'x4 

2T-4' 

2  Pc  Strap  Iron  i"x 3 

6'-0" 

6  Pc  Strap  Iron  rx2 

0'-6" 

24  -2"  Wood  Screws 

N.  B.  Plow  designed  to  ride  2' 
above  subgrade  when  heajters 
are  4' high. 

Plows  set  at  slight  angle  to 
ground  to  give  rolling  effect 
to  earth. 


(see  Fig.  1)   from  where  it  is  readily  shoveled  over 
the  headers  to  be  used  later  for  covering  concrete. 

The  drag  operates  directly  on  the  headers  and  has 
sufficient  weight  so  that  it  will  not  easily  ride  when 


Fig.  2 — Drag  Operates  Directly  on  the  Headers. 

a  heavy  excess  of  material  is  encountered.  This  al- 
lows the  dirt  to  be  carried  along,  filling  any  depres- 
sions, and  a  uniform  stretch  of  unrolled  subgrade 
is  the  result. 

The  secret  of  success  in  using  this  method  is  at 
all  times  to  aim  for  a  slight  excess  of  material,  as 


contain  the  following  provision  regarding  the  roller 
method  of  finishing: 

After  the  surface  o£  the  concrete  pavement  has  been  struck 
off  to  tlie  proper  cross  section,  it  shall  be  rolled  with  a  light 
hollow  sheet  steel  roller,  about  6  ft.  long  and  10  in.  in  diameter, 
to  which  a  bail  is  attached,  carrying  a  long  handle.  The  roller 
shall  weigh  approximately  70  lb.  and  the  handle  shall  be  of  suf- 
ficient length  to  reach  entirely  across  the  pavement.  The  roller 
shall  be  moved  transversely  across  the  pavement  surface  and 
rolling  shall  continue  at  intervals  until  little  or  no  free  water 
is  squeezed  from  the  concrete. 

After  rolling,  and  just  previous  to  the  concrete  obtaining  its 
Initial  set,  the  surface  shall  be  finished  by  drawing  a  belt  over  it 
with  a  combined  longitudinal  and  cross-wise  motion,  in  order 
to  produce  a  uniform  surface  of  a  gritty  texture,  free  from  de- 
pressions and  inequalities  of  any  kind.  Great  care  shall  be  taken 
to  prevent  rubbing  hollow  places  in  the  surface.  v 

Short  handled  wood  floats  may  be  used  as  a  substitute  for 
the  belt,  only  upon  written  authorization  of  the  engineer,  in 
which  case  the  finishing  shall  be  carried  on  from  a  suitable 
bridge,  no  part  of  which  shall  come  in  contact  with  the  concrete. 
I^ong  handled  wood  floats  shall  not  be  used.  The  belt  and  roller 
shall  meet  the  approval  of  the  engineer. 
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Three  state  road  contracts  aggregating  $363,000 
have  just  been  awarded  by  the  State  Highway  Com- 
mission of  California.  The  work  calls  for  24  miles 
of  concrete  pavement. 
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Expansion  and  Contraction  of 
Concrete  Roads 

An  extended  series  of  laboratory  and  field  tests  was 
begun  in  1910  by  the  U.  S.  Office  of  Public  Roads  to 
make  a  close  study  of  expansion  and  contraction  move- 
ments of  concrete  pavements.  These  included  de- 
tailed attention  to  the  spacing,  design  and  move- 
ment of  expansion  joints.  The  results  of  these  ex- 
periments are  presented  in  a  recently  issued  bulletin 
prepared  by  Mr.  A.  T.  Goldbeck,  Engineer  of  Tests, 
and  F.  H.  Jackson,  Jr.,  Assistant  Testing  Engineer,  of 
the  U.  S.  Office  of  Public  Roads.  While  no  attempt  is 
made  in  the  bulletin  to  apply  the  results  obtained  to 
the  practical  side  of  road  construction,  certain  broad 
conclusions  are  drawn  that  should  be  of  particular 
interest  to  the  designers. 

The  general  discussion  and  the  conclusions,  based 
on  expansion  and  contraction  measurements,  follow: 

The  laboratory  and  field  measurements  show  that 
concrete  changes  in  length  owing  to  at  least  two  sep- 
arate agencies:  (1)  Change  in  moisture  content  and 
(2)  change  in  temperature. 

Change  in  Moisture  Content. — By  laboratory  meas- 
urements made  on  large  specimens  it  has  been  demon- 
strated that  concrete  changes  in  length  from  its  wet 
condition  just  after  setting  to  an  extremely  dry  con- 
dition at  six  months  or  one  year  later  by  an  amount 
equal  to  0.0005  to  0.0006  in.  per  inch  of  length.  A 
change  of  0.0006  in.  is  as  much  as  would  be  caused  by 
a  change  in  temperature  of  0.06^0.0000055  =  109° 
F.  and  would  produce  considerable  stress  under  fa- 
vorable conditions.  This  change,  however,  is  a  very 
slow  one.  It  occurs  most  rapidly  during  the  first  few 
weeks  of  drying  out  and  becomes  very  slow  at  the 
end  of  three  months.  At  one  year  the  change  due  to 
drying  will  have  become  constant  in  amount.  It  has 
also  been  seen  that  when  concrete  is  kept  wet  it  does 
not  contract,  but  it  expands  and  maintains  a  constant 
expansion  of  about  0.0001  in.  per  inch  of  length.  Fur- 
thermore, it  has  been  demonstrated  that  by  subjecting 
iiardened  concrete  to  alternate  wetting  and  drying  its 
length  may  be  changed,  irrespective  of  temperature 
changes.  Such  moisture  changes,  however,  are  rather 
slow  in  their  action,  and  a  prolonged  period  of 
wet  conditions  or  a  prolonged  period  of  dryness  is 
necessary  to  effect  a  large  change  in  the  length 
of  the  concrete  such  as  might  be  obtained  in  a  very 
short  time  by  the  influence  of  temperature.  When 
specimens  are  stored  in  the  weather  and  subjected  to 
rain  and  sunshine  they  change  very  little  in  length 
because  of  moisture  changes,  unlike  specimens  that 
are  stored  under  prolonged  conditions  of  extreme  wet- 
ness or  dryness. 

In  the  field  measurements  on  the  Chevy  Chase  and 
Ohio  Post  roads,  except  that  at  Mount  Sterling,  Sec- 
tion III,  it  is  difficult  to  distinguish  the  effects  of 
moisture,  since  apparently  they  are  overshadowed  so 

TABLE    I.— CHANGE    IN    LENGTH    OF    CONCRETE    IN    OHIO 

POST    ROAD. 
Section    I —  Oct.  31. 

Change    in    temperature  — 32 

Actual    unit    change.... — 0.00017 
Calculated     temperature 

change    —0.000176  —0.00029     —0.000077  —0.00026 

Section   II—  Nov.  2.      Mar.  3.         June  17.     Feb.  25 

Change    in    temperature  — 22  — 45  +3  —38 

Actual    unit    change —O.000076  —0.000227  4-0.000024  —0  000168 

Calculated    temperature 

change    -0.000121-0.000248  +0.000017—0.00021 

Section    III—  Nov.  7.        Mar.  6.       June  15.      Feb.22. 

Change  in  temperature  +3  — 14  +24  lO 

unit    change... +0.0000096  —0.000109  —0.000148  +0.000072 


.Alar.  4. 
—52 
—0.00031 


June  19.     Feb.  25. 

—14  — 4S 

—0.000064  —0.00023 


Actual     „-      . 

Calculated  temperature 

change    +0.0000165  —0.000077  +0.000132 


-0.000055 
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greatly  by  the  temperature  expansion  and  contrac- 
tion. It  seems  that  the  concrete  in  the  road,  when 
subjected  to  actual  weather  conditions,  does  not  suf- 
fer the  prolonged  extreme  ranges'of  moisture  content 
suffered  by  the  laboratory  concrete  specimens  kept 
indoors  in  the  dry  air  of  the  laboratory  and  therefore 
does  not  expand  or  contract  because  of  moisture 
changes  to  the  extent  that  the  laboratory  specimens 
change.  Undoubtedly  in  warm,  dry  weather  there 
will  be  some  slight  contraction  just  after  the  moisture 
is  allowed  to  dry  out  from  the  concrete,  particularly 
in  a  well-drained  sub-base.  It  seems  that  enough  of 
the  water  absorbed  by  the  concrete,  due  to  rains  or 
to  capillarity,  remains  in  the  concrete  during  the  dry 
weather  to  prevent  much  change  in  length.  There 
may  be  conditions  of  prolonged  extremes  of  wetness 
and  dryness  in  the  road  which  will  affect  the  expan- 
sion and  contraction  to  an  appreciable  extent.  Thus 
in  the  spring  of  the  year  the  prolonged  moisture  of 
the  previous  winter  might  so  aid  the  expansion  oc- 
curring during  the  first  day  of  high  temperature  that 
the  road  will  heave  where  proper  allowance  has  not 
been  made  for  this  expansion.  There  are  also  con- 
ditions of  poor  drainage  in  the  sub-base,  particularly 
in  a  low  section  of  the  road,  where  the  concrete  will 
be  practically  constantly  saturated,  in  which  case  the 
expanding  effect  of  the  moisture  will  be  in  evidence. 

Effect  of  Variations  in  Temperature — Field  Meas- 
urements.— It  has  been  pointed  out  that,  as  a  rule,  the 
concrete  in  a  road  expands  and  contracts  as  the  tem- 
perature rises  and  falls.  It  will  be  interesting  to  com- 
pare the  actual  measurements  of  the  expansion  and 
contraction  of  the  concrete  in  the  road  with  the  cal- 
culated change,  assuming  no  friction  at  the  base  and 
assuming  a  coefficient  of  expansion  of  0.0000055  per 
degree  F.  Table  I  shows  a  comparison  of  the  actual 
with  the  theoretical  unit  changes  in  the  concrete  of 
the  Ohio  Post  Road. 

These  comparisons  of  the  actual  change  with  the 
theoretical  change,  considering  temperature  alone  to 
be  the  cause,  are  interesting.  Observe  that  in  Sec- 
tion I  the  agreement  of  the  theoretical  with  the  actual 
change  in  length  is  quite  close,  indicating  that  tem- 
perature was  almost  the  sole  cause  of  the  change,  and 
indicating,  moreover,  that  the  resisting  effect  of  fric- 
tion at  the  base  must  have  been  small.  In  Section  II 
the  agreement  is  not  quite  so  close,  and  in  Section  III 
the  agreement  is  poor.  The  actual  unit  change  in 
many  cases  is  in  excess  of  the  calculated  temperature 
change,  thus  indicating  that  moisture  is  causing  some 
expansion  and  also  that  the  restraining  effect  of  fric- 
tion in  preventing  expansion  and  contraction  may  be 
quite  small. 

The  discrepancies  between  the  measured  changes 
and  theoretical  changes  are  very  noticeable  in  Sec- 
tion III.  Section  III  lies  at  the  bottom  of  two  6  per 
cent  grades  and  the  conditions  are  very  favorable 
for  a  wet  sub-base.  Moreover,  this  section  of  the 
road  was  covered  continually  with  mud  tracked  in 
from  adjacent  roads,  and  this  aided  in  preserving  the 
road  in  a  moist  condition.  The  actual  change  in 
length  on  June  15  and  Feb.  22  was  greater  than  the 
calculated  change,  and  these  days  were  preceded  by 
a  considerable  period  of  wet  weather.  These  condi- 
tions were  promotive  of  a  wet  sub-base,  and  this 
probably  accounts  for  the  increase  in  expansion  of  the 
actual  over  the  theoretical.  On  June  15  the  actual  ex- 
pansion is  0.000148  minus  0.000132,  or  0.000016.  On 
Feb.  22  the  excess  unit  expansion  equals  0.000127  in. 
As  shown  by  laboratory  measurements,  this  is  approxi- 
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mately  the  amount  of  expansion  produced  in  concrete 
by  continued  moisture,  and  this  measurement  there- 
fore tends  to  confirm  the  presumption  that  the  mois- 
ture effect  is  causing  the  difference  between  the  actual 
expansion  and  calculated  temperature  expansion.  The 
apparently  small  effect  of  friction  in  preventing  ex- 
pansion is  interesting  and  is  not  unreasonable  when  it 
is  considered  that  the  pavement  is  subjected  to  con- 
tinued vibration  which  would  tend  to  relieve  tem- 
porarily any  friction  between  a  wet  clay  sub-base  and 
the  concrete.  Moreover,  the  slow  yielding  of  the  sub- 
base  as  the  concrete  creeps  helps  to  relieve  the 
stresses  of  friction. 
Conclusions,  Based  on  Expansion  and  Contraction 
Measurements. 

Neat  cement,  when  allowed  to  dry,  first  contracts 
rapidly,  then  more  slowly.  The  amount  of  contrac- 
tion seems  to  vary  with  the  cement,  size  of  specimen, 
and  condition  of  atmosphere  in  which  drying  takes 
place.  The  amount  at  28  days  is  about  0.1  per  cent 
and  at  6  months  about  0.2  per  cent. 

Mortar  contracts  on  hardening  in  air  and  expands 
on  hardening  in  water.  The  contraction  in  warm,  dry 
air  at  28  days  is  about  0.045  per  cent  for  1:2  and  1:3 
mortar  and  at  6  months  is  0.078  for  1 :3  mortar  and 
0.085  for  1 :2  mortar.  The  expansion  in  water  is  0.01 
per  cent  for  1:3  and  0.017  for  1:2  mortar  at  28  days, 
and  at  6  months  0.013  for  1 :3  and  0.02  per  cent  for 
1:2  mortar. 

Both  1:2:4  and  1:3:6  concrete  contract  on  drying 
in  warm,  dry  air  from  0.02  to  0.04  per  cent  at  28  days 
and  from  0.04  to  0.07  per  cent  at  6  months.  When 
'  hardening  in  water  an  expansion  of  about  0.01  per 
cent  takes  place  at  28  days  and  6  months  in  1:2:4 
and  1:3:6  concrete. 

The  richness  of  the  mix  of  concrete  seems  to  exert 
a  small  influence  on  the  contraction;  the  richer  the 
mix  the  greater  the  change  in  length. 

Concrete  alternately  wetted  and  dried  may  be  made 
to  expand  and  contract  owing  to  these  causes.  The 
expansion  due  to  wetting  is  more  rapid  than  the  con- 
traction on  drying.  The  thoroughly  dried  specimens 
of  concrete  do  not  recover  their  original  wet  length 
when  immersed. 

Concrete  stored  in  the  outer  air  and  exposed  to  the 
weather  does  not  contract  to  the  same  extent  as  the 
above  described  specimens  except  under  very  dry 
conditions. 

A  waterproof  covering,  such  as  coal  tar,  prevents 
the  rapid  change  in  moisture  content  and  greatly  re- 
tards the  expansion  and  contraction. 

Reinforcement  decreases,  but  does  not  prevent,  the 
shrinkage  and  expansion  of  concrete  due  to  drying 
and  has  no  effect  on  temperature  changes.  Reinforce- 
ment cannot,  therefore,  entirely  prevent  cracks,  but 
seems  to  distribute  them  and  keep  them  small. 

Concrete  roads  are  affected  by  both  temperature 
and  moisture.  When  the  drainage  is  good  and  the 
sub-base  not  wet,  the  temperature  effects  seem  to  be 
most  important.  A  wet  sub-base  may  add  to  the  tem- 
perature expansion  by  about  0.01  to  0.02  per  cent. 
The  restraining  effect  of  friction  at  the  base  seems 
to  be  almost  negligible  when  figuring  temperature  and 
moisture  expansion  and  contraction.  In  very  dry  cli- 
mates shrinkage  due  to  drying  must  be  added  to  con- 
traction due  to  fall  in  temperature.  A  shrinkage  of 
0.04  per  cent  (Vi  in.  in  50  ft.)  is  a  safe  allowance  due 
to  drying. 

Temperature  at  time  of  construction  of  road  should 
be  considered  in  designing  joints.  Cold-weather  con- 
struction requires   a  full  allowance  for  temperature 


expansion  and,  on  wet  sub-bases,  for  moisture  expan- 
.sion  also.  Hot-weather  construction  theoretically  re- 
quires no  joints  at  all,  even  in  wet  sub-bases,  as  the 
temperature  contraction  exceeds  the  moisture  expan- 
sion. However,  the  difficulty  of  keeping  the  cracks 
clear  probably  renders  joints  imperative. 


Detouring  Traffic  Trebles  Con- 
struction Progress  on 
Road  Job 

The  advantages  of  detouring  traffic  around  a  road 
construction  job  instead  of  letting  it  through  are  quite 
clearly  brought  out  by  the  following  extract  from  the 
last  annual  report  of  the  Massachusetts  Highway 
Commission: 

When  the  Commission  let  the  contract  for  some  re- 
.surfacing,  it  was  provided  that  the  contractor  should 
resurface  only  half  the  width  of  the  road  at  a  time, 
keeping  flag  men  at  each  end  and  letting  the  traffic 
through  in  single  file.  Early  in  the  spring  when  there 
was  but  little  traffic,  this  was  possible,  although  it 
slowed  up  the  work  very  materially.  When  the  heavy 
summer  traffic  began,  however,  the  road  became  so 
congested  and  so  many  automobiles  were  always  wait- 
ing at  each  end,  that  there  was  almost  a  continuous 
procession.  They  kept  the  sub-base  constantly  rutted 
and  rough,  and  almost  prevented  the  teams  from  get- 
ting there  that  had  to  haul  the  material  on  to  the  road 
so  that  it  could  be  built.  It  also  caused  long  delays 
and  many  complaints,  not  only  from  the  contractor 
because  he  couldn't  do  his  work,  but  from  the  motor- 
ists themselves. 

Consequently,  when  the  Commission  found  that  very 
little  work  could  be  done  under  these  conditions,  and 
that  the  public  would  be  incommoded  for  a  long  time 
if  such  a  policy  were  continued,  it  decided  to  detour 
the  traffic  for  a  few  weeks  over  a  local  road  which  it 
helped  the  town  to  improve  and  make  safer. 

As  soon  as  this  was  done  the  rate  of  progress  on  the 
road  about  trebled,  the  contractor  being  able  some 
days  to  secure  and  place  300  tons  of  stone  a  day, 
whereas  while  the  traffic  was  using  the  road  it  was 
often  impossible  to  spread  as  much  as  100  tons  a  day. 


Staff  Shows  that  Road  Patrolmen  Are  on 
Their  Sections 

Road  patrolmen  of  the  State  Highway  Department 
of  New  Hampshire  are  provided  by  the  department 
with  two  cart  signs  and  one  staff,  all  corresponding 
to  the  number  of  the  patrolman.  The  signs  are  at- 
tached with  small  screws  to  the  seat  box  of  the  cart, 
one  sign  on  each  side.  The  staff  is  carried  in  an  up- 
right position  on  the  front  right-hand  corner  of  the 
patrolman's  cart  at  all  times  except  as  follows :  When- 
ever the  patrolman  leaves  his  section  so  his  cart  is 
not  noticeable  from  the  road,  as  in  a  gravel  pit,  off 
the  end  of  his  section,  or  for  any  other  purpose  during 
working  hours,  he  is  required  to  stick  his  staff  in  an 
upright  position,  with  the  flag  at  right  angles  to  the 
center  of  the  road,  where  he  leaves  his  section  and 
where  he  will  return  to  it  again.  When  hauling  ma- 
terial the  staff  is  left  beside  the  road  when  the  patrol- 
man is  in  the  bank,  but  on  returning  to  his  section 
with  his  load  the  staff  is  again  placed  on  the  cart  and 
carried  until  he  retui-ns  to  the  pit.  On  stormy  days, 
when  a  patrolman  is  on  duty  with  a  carriage  or  ve- 
hicle other  than  his  patrol  cart,  he  will  carry  the  staff 
in  the  whip  socket  to  show  he  is  on  state  work. 
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Brief    History   of   the    American 

Highway  Association,  Which 

Has  Just  Been  Dissolved 

The  rapid  development  of  an  intelligent  interest 
in  road  improvements  in  this  country  has  been  due 
to  a  considerable  degree  to  the  work  of  the  American 
Highway  Association,  which  was  dissolved  on  Oct. 
30  by  its  board  of  directors,  the  purposes  for  which  it 
was  founded  having  been  attained.  Few  of  those  now 
interested  in  the  wise  administration  of  public  funds 
for  road  betterments  realize  the  very  unsatisfactory 
conditions  existing  when  this  association  was  organ- 
ized and  the  full  measure  of  the  service  it  has  ren- 
dered to  the  country  and  the  several  states. 

The  manner  in  which  the  association  came  jnto  ex- 
istence affords  a  good  idea  of  road  building  conditions 
in  1900.     The  director  of  the  United  States  Office  of 
Public  Roads,  Logen  Waller  Page,  and  B.  F.  Yoakum, 
head  of  the  Frisco  Railway  System,  were  returning  to- 
gether from  a  road  convention  in  Oklahoma.     It  had 
been  characteristic  of  many  of  the  road  meetings  of 
that  date— of  no  real  constructive  value.    There  were 
then   a  few  persons   who  were   making  considerable 
sums  by  organizing  so-called  national  road  congresses 
and   keeping  the   contributions   received   from  cities 
where  the  meetings  were  held  and  from  commercial 
interests  for  the  use  of  space  for  exhibits.     Some  of 
these  meetings  were  conducted  properly,  but  others 
were  notoriously  bad.   Messrs.  Page  and  Yoakum,  who 
realized  that  road  improvements  were  in   danger  of 
falling  into  disrepute  on  account  of  the  exploiting  of 
the  public  interested  in  such  work  by  unscrupulous 
persons,  decided  that  the  conditions  demanded  an  ac- 
tive national  society  with  prominent  men  as  its  offi- 
cers, which  would  of  necessity  be  recognized  as  the 
real  American  highway  association  and  thus  be  able 
to  assist  all  those  local    organizations    which    were 
striving  to  accomplish  good  work  and  bring  to  an  end 
the  activities  of  the  undesirable  promoters.     Accord- 
ingly an  invitation  was  issued  by  Mr.  Page  to  many 
men   interested   in   road   improvements    to    meet    in 
Washington  on  Nov.  23,  1910,  to  organize  such  a  so- 
ciety.    At  this  meeting  the  American  Highway  Asso- 
ciation was  organized  "to  harmonize  and  correlate  all 
efforts  for  the  improvement  of  the  public   roads,  to 
the  end  that  adequate  and  efficient  systems  of  road 
construction,  administration  and  maintenance  may  be 
adopted  in  all  of  the  states." 

An  early  achievement  was  the  organization  of  good 
roads  trains,  which  were  run  through  many  of  the 
Southern  and  Middle  Western  states  with  the  co-op- 
eration of  seven  railway  companies  and  the  U.  S. 
Office  of  Public  Roads.  These  trains  were  provided 
with  photographs,  models  and  lecturers,  and  the  dates 
of  their  arrival  at  the  towns  where  stops  were  made 
were  advertised  in  advance.  The  technical  and  eco- 
nomical features  of  road  construction  and  mainte- 
nance were  explained  and  in  many  cases  local  good 
roads  associations  were  formed.  The  co-operation  of 
railway  companies  in  the  work  of  the  association, 
starting  with  these  early  evidences  of  their  interest 
in  road  improvements,  was  a  feature  of  its  whole  ex- 
istence. Fairfax  Harrison,  president  of  the  Southern 
Ry.  Co.,  was  its  president  for  several  years  prior  to 
its  dissolution,  and  L.  E.  Johnson,  president  of  the 
Norfolk  &  Western  Ry.  Co.,  was  an  active  director  for 
some  years. 

The  direct  personal  work  with  the  people  m  many 
states   which  was  carried   on  with  the  good  roads 


trains  was  supplemented  a  little  later  by  articles  pre- 
pared for  the  newspapers.  At  the  time  of  the  dissolu- 
tion of  the  association  this  work  had  developed  so 
that  a  weekly  bulletin  of  about  1,700  words  relating  to 
various  features  of  road  work  was  being  sent  to  news- 
papers and  agricultural  journals  with  a  combined  cir- 
culation of  nearly  9,000,000  copies  per  issue.  This 
service  was  given  only  to  papers  which  requested  it. 
The  co-operation  of  the  press  with  the  association  in 
this  work  was  very  helpful  in  bringing  to  the  atten- 
tion of  a  large  number  of  persons  not  easily  reached 
otherwise  the  value  of  good  roads  and  the  most  satis- 
factory methods  of  obtaining  them. 

When  the  association  was  organized  there  was  no 
satisfactory  up-to-date  compendium  of  information 
about  the  condition  of  roads  throughout  the  country. 
The  Good  Roads  Year  Book  was  established  to  sup- 
ply such  information.  The  first  volume  appeared  in 
1912  and  was  received  at  once  with  marked  favor.  The 
1917  volume  was  a  book  of  550  pages.  The  need  of 
such  a  large  annual  volume  no  longer  exists  for  the 
U.  S.  Office  of  Public  Roads  has  arranged  to  collect 
each  year  statistical  information  relating  to  roads, 
such  as  formed  a  considerable  part  of  the  Year  Book, 
and  a  publisher  of  technical  books  has  undertaken  to 
bring  out  as  an  independent  book  the  portion  of  the 
Year  Book  relating  to  the  location,  construction  and 
maintenance  of  rural  roads. 

An  indirect  work  of  the  association  which  proved 
of  decided  value  was  the  organization  of  an  annual 
American  Road  Congress.  Each  congress  was  an  in- 
dependent undertaking,  with  its  wwn  officers  and  finan- 
cial management.  The  purpose  was  to  improve,  by 
example,  the  character  of  the  national  road  meetings 
over  those  which  had  been  held  previously  and  this 
object  was  accomplished  successfully.  The  first  of 
these  gatherings  was  held  in  Richmond,  Va.,  in  1911, 
and  the  others  in  Atlantic  City  in  1912,  Detroit  in  1913 
and  Atlanta  in  1914.  In  1915  the  association  co-op- 
erated with  the  American  Road  Builders'  Association 
in  holding  the  Pan-American  Road  Congress  in  Oak- 
land. The  Atlantic  City  Congress  was  the  first  really 
successful  national  gathering  of  road  builders  and 
users  in  the  country,  and  the  impetus  it  gave  to  such 
conventions  practically  made  the  old  irresponsible 
type  of  gatherings  obsolete.  There  are  other  organ- 
izations which  have  lately  demonstrated  their  ability 
to  hold  successful  road  congresses  and  there  is,  there-, 
fore,  no  longer  any  reason  for  the  American  Highway 
Association  to  continue  such  work. 

From  the  outset,  the  association  took  an  active  part 
in  assisting  legislatures  which  were  considering  the 
enactment  of  road  laws.  Every  year  help  of  this  sort 
was  requested. 

With  the  organization  of  a  highway  department  in 
each  state,  a  great  enlargement  of  the  activities  of  the 
United  States  Office  of  Public  Roads,  and  co-opera- 
tive road  building  by  the  nation  and  the  several  states, 
the  objects  for  which  the  association  was  founded  had 
been  practically  attained.  The  directors  therefore  de- 
cided that  rather  than  undertake  new  lines  of  work 
when  the  energies  of  every  citizen  are  directed  to- 
ward the  successful  prosecution  of  the  war,  the  or- 
ganiz£;t-cn  should  be  dissolved.  The  surplus  funds 
have  been  invested  in  Liberty  Bonds  and  the  inter- 
est will  be  used  in  paying  for  an  American  Highway 
Association  Prize,  to  be  awarded  annually  by  the  Sec- 
retary of  Agriculture  for  conspicuous  so  vice  in  the 
advancement  of  road  improvements  in  the  United 
States. 
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Convict  Labor  on   Road    Con- 
struction in  Massachusetts 

The  use  of  convict  labor  in  the  construction  of  roads 
in  Massachusetts  has  proved  a  success,  according  to 
the  recently  issued  annual  report  of  the  State  High- 
way Commission,  which  states  that  the  cost  of  the 
work  done  in  this  way  has  been  considerably  lower 
than  the  cost  of  similar  construction  elsewhere  in  the 
state.  The  Commission  thinks  it  probable,  that  with 
the  men  costing  only  $1  per  day  each,  there  was  a  sav- 
ing of  from  20  to  30  per  cent  and  perhaps  even  more 
in  1916.  The  following  notes  on  this  work  are  taken 
from  the  above  mentioned  report: 

The  Worcester  County  Commissioners  and  the 
Wachusett  Mountain  Commission  some  years  ago  es- 
tablished a  camp  on  Wachusett  Reservation,  and  by 
an  arrangement  with  the  sheriff  obtained  about  40 
convicts,  who  were  used  in  building  the  road  to  the 
top  of  Wachusett  Mountain  and  various  other  roads 
within  the  reservation,  and  in  the  cultivation  of  about 
15  acres  of  land. 

A  small  stone-crushing  plant  was  purchased,  also 
a  roller,  and  the  various  tools  that  were  necessary. 
The  sheriff  provided  the  necessary  guards,  fed  the 
men,  and  $1  a  day  was  paid  to  the  county  for  each 
laborer.  So  far  as  can  be  ascertained,  the  county 
came  out  about  even  on  the  transaction,  neither  mak- 
ing nor  losing  much  money,  because  it  cost  more  to 
feed,  guard  and  transport  the  men  there  than  it  did 
in  the  jail. 

The  road  work  was  under  the  charge  and  super- 
vision of  the  superintendent  of  the  Wachusett  Moun- 
tain State  Reservation.  The  road  to  the  top  of  the 
mountain  was  widened,  the  grades  very  materially 
improved,  and  a  local-stone  macadam  road  was  built. 
The  stone  was  rolled  with  a  horse  roller.  It  was  a 
most  creditable  piece  of  work,  and  an  excellent  road 
was  constructed.  Quite  a  few  other  roads  were  con- 
structed within  the  reservation.  A  camp  was  con- 
structed for  the  men  at  a  cost  of  about  $2,500. 

In  1915  the  Worcester  County  Commissioners  sug- 
gested to  the  town  of  Princeton  and  to  the  State 
Highway  Commission  that  it  would  be  desirable  to 
improve  the  highway  leading  from  Princeton  village 
to  the  foot  of  the  mountain.  This  road  was  narrow, 
had  several  bad  grades,  and  in  many  places  the  nat- 
ural soil  was  bad,  so  that  the  road  was  almost  im- 
passable in  the  spring.  It  was  suggested  that  con- 
victs be  used  to  do  this  work,  and  that  they  could 
occupy  the  camp  that  had  been  built  on  the  reser- 
vation. 

The  state  allotted  $2,500,  the  county  of  Worcester 
$1,500  and  the  town  of  Princeton  $1,000.  The  road  was 
built  20  ft.  wide,  with  an  average  width  of  14  ft.,  of 
local  crushed  stone  8  in.  thick  in  the  center  and  6  in. 
on  the  sides.  On  top  of  this  was  a  covering  of  hard- 
pan  and  dust.  In  building  the  road  a  foundation  was 
necessary  for  part  of  the  distance,  and  over  1,000 
cu.  yd.  of  stone  filling  was  used;  there  were  about 
460  cu.  yd.  of  excavation,  about  500  yd.  of  borrow  and 
over  3,200  tons  of  crushed  stone. 

The  culverts  cost  about  $100;  teams  cost  $4.50  a 
day;  two  foremen,  $2.50  a  day  each;  and  the  county 
received  $1  a  day  for  each  laborer.  There  were  about 
40  convicts  at  the  camp;  an  average  number  of  26 
were  used  on  the  road,  14  being  necessary  at  the  camp 
for  farm,  camp  and  commissary  purposes.  A  total  of 
7,500  ft.  of  macadam  road  was  built  in  five  months  by 
this  gang  at  a  cost  of  $5,176. 


The  crushed  stone  was  only  rolled  with  a  horse 
roller.  If  a  steam  roller  had  been  used,  it  would  have 
increased  the  cost  about  $250.  There  was,  of  course, 
no  charge  included  for  overhead  charges,  interest  on 
plant,  depreciation,  etc. 

The  experiment,  however,  was  certainly  a  success, 
because  the  men  were  given  out-of-door  work,  which 
not  only  improved  their  health,  but  undoubtedly  was 
a  great  benefit  to  them  morally  as  well. 

From  the  foregoing,  states  the  report,  it  will  be 
seen  that  one  gang  of  30  to  40  convicts,  which  is  about 
as  many  as  can  be  used  to  advantage  on  a  job  of 
this  character,  can  only  build  about  21-2  to  3  miles  of 
road  a  year,  because  they  can  only  work  five  to  six 
months  in  most  places.  The  amount  that  can  be  ac- 
complished with  convict  labor  in  road  building  is 
limited.  They  can  only  be  used  in  a  suitable  locality 
where  they  can  be  properly  housed,  guarded,  etc.,  and 
this  must  be  near  the  work,  or  the  cost  of  transporta- 
tion would  be  excessive. 

This  work  was  continued  in  1916.  The  town  of 
Princeton  appropriated  $1,500,  the  county  of  Worcester 
$2,000,  and  the  Commission  allotted  $3,500. 

The  work  was  done  under  the  supervision  of  the 
superintendent  of  the  Mt.  Wachusett  Reservation, 
who  served  without  pay.  There  were  two  foremen  on 
the  work,  one  at  the  crusher  and  getting  out  field 
stone,  and  the  other  looking  after  the  grading  and  the 
placing  of  the  stone.  The  foremen  were  paid  at  the 
rate  of  $2.50  a  day,  and  $4.50  a  day  was  paid  for  the 
necessary  double  teams. 

The  length  constructed  was  5,800  ft.,  15  ft.  in  width 
of  local  crushed  stone,  with  suitable  shoulders  on 
each  side.  The  area  was  9,667  sq.  yd.  computed  on 
the  hardened  surface  alone,  and  the  approximate  cost 
of  the  road  surface,  including  excavation,  foundation, 
gutters,  shoulders  and  drainage,  was  67  ct.  per  square 
yard. 

The  following  shows  the  estimated  quantities  and 
approximate  unit  cost  of  each  item  of  work  done: 

Excavation.  1.700  cu.  yd.,  at  31  ct $    527.00 

Borrow.   650   cu.   yd.,   at  42  ct 273  00 

Stone  All,   3,035   cu.   yd.,   at  SB   ct 2,610.10 

Broken  stone,  2.900  tons,  at  96  ct 3,784.00 

Repairing   culverts    249.99 

$6,444.09 

In  1916  much  more  excavation  was  necessary  than 
on  the  1915  section,  and  much  more  of  the  road  re- 
quired a  stone  foundation;  therefore  the  length  con- 
structed was  less.  In  1915  there  was  about  460  cu.  yd. 
of  excavation,  while  in  1916  there  was  1,700  cu.  yd. 
The  stone  filling  necessary  in  1916  was  3,035  cu.  yd., 
as  compared  with  1,000  cu.  yd.  in  1915. 

The  work  was  planned  by  the  engineers  of  the  Com- 
mission, and  was  under  the  general  direction  of  one 
of  its  assistant  division  engineers.  He  states  that  the 
work  has  been  handled  in  a  very  economical  manner 
and  full  value  has  been  obtained  with  the  amount  ex- 
pended. This  most  interesting  work  has  been  carried 
on  under  the  most  favorable  conditions,  a  camp  hav- 
ing been  already  provided  within  the  reservation  and 
very  near  to  the  work. 


General  Conference  of  Paving  Brick  Industry. — A 

general  conference  of  the  paving  brick  industry  has 
been  called  by  the  National  Paving  Brick  Manufac- 
turers' Association.  The  conference  will  be  held  in 
connection  with  the  annual  meeting  of  the  association 
in  Cleveland,  0.,  on  Nov.  19  and  20,  and  all  manufac- 
turers of  paving  brick  are  invited  to  attend.  The  con- 
ference will  consider  the  problems  arising  from  war 
conditions. 
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Methods  of  Renewing  Surface  of 
Old  Macadam  Roads 

Most  of  the  suburban  roads  in  the  District  of 
Columbia  are  water-bound  macadam  which  have  had 
a  surface  treatment  either  of  oil  or  light  tar.  Three 
methods  of  renewing  the  surface  on  these  old  and 
worn  macadam  roads  are  employed,  depending  upon 
the  condition  of  the  road  to  be  repaired. 

When  the  surface  has  been  treated  formerly  with 
oil  or  tar  and  is  in  generally  good  repair,  except  for 
a  few  potholes  or  ruts,  these  places  are  patched  with 
a  mixture  of  stone,  of  a  size  corresponding  to  the 
depth  of  the  depression,  and  a  cold  bituminous  ma- 
terial. This  material  may  be  either  a  tar  of  the  heav- 
iest consistency  which  can  be  used  cold,  such  as  Tar- 
via  K-P  or  Ugite  C;  or  it  may  be  an  asphaltic  emul- 
sion such  as  Headley's  Cold  Patching  Material  No. 
1.  The  largest  size  of  stone  possible  is  used,  well 
mixed  with  about  1  gal.  of  bituminous  material  to 
each  cubic  foot  of  stone.  The  patches  are  rolled  with 
a  steam  roller  and  covered  with  a  thin  coat  of  stone 
chips  to  prevent  adhesion  to  wheels  while  they  are 
still  moist. 

When  the  surface  of  a  macadam  road,  which  has 
been  previously  treated  with  oil  or  tar,  is  very  much 
worn  or  rutted,  the  entire  surface  is  loosened  to  the 
depth  of  about  2  in.  with  a  scarifier,  as  much  as  pos- 
sible of  the  top  coat  containing  the  bituminous  ma- 
terial being  entirely  removed.  The  fine  stone  may  be 
screened  out  of  the  material  which  is  removed  if  it 
is  sufl[iciently  pulverized,  but  it  is  usually  reserved  for 
use  in  repairs  to  little  traveled  roads.  Sufficient  new 
stone  is  then  added  to  restore  the  proper  cross  sec- 
tion of  the  road,  and  the  surface  is  brought  to  the 
condition  of  new  water-bound  macadam.  This  is 
opened  to  travel  and  kept  watered  until  the  surface 
;s  firm  and  compact.  It  is  tflen  swept  clean  of  dust 
and  the  new  surface  is  treated  with  the  bituminous 
material  in  the  same  manner  as  a  new  road.  About 
1/4  gal.  per  square  yard  of  bituminous  material  (either 
oil  or  tar)  is  spread  by  means  of  a  sprayer,  and  the 
surface  is  then  covered  with  stone  chips  or  pea  gravel. 
When  the  surface  is  much  worn  and  it  is  desired 
to  i-enew  it  with  a  strong  new  surface,  the  old  mac- 
adam road  is  scarified  to  a  depth  of  about  3  in.  and  re- 
shaped to  a  surface  about  2  in.  below  and  parallel  to 
the  finished  surface.  A  layer  of  2-in.  stone  is  then 
added  and  rolled  to  restore  the  cross  section.  About 
IV2  gal.  per  square  yard  of  hot  tar  of  heavy  consist- 
ency is  then  applied,  covered  with  stone  %  in.  to  1 
in.  in  size,  and  rolled.  After  this  a  second  coat  of  tar 
of  about  -•;  gal.  per  square  yard  is  applied  and  cov- 
ered with  V2-in.  stone  chips  and  rolled.  This  is,  of 
course,  the  well-known  penetration  method,  applied 
to  the  re-surfacing  of  old  roads,  and  its  use  is  ad- 
visable in  cases  where  the  road  sustains  a  fairly  heavy 
traffic  of  both  horse-drawn  and  motor  vehicles  of  all 
classes,  say  from  500  to  1,500  vehicles  in  24  hours 
for  a  roadway  20  ft.  wide. 

The  cost  of  the  above  treatments  depends  largely 
upon  the  condition  of  the  roads  when  repaired,  and 
also  upon  the  cost  of  labor  and  material  at  the  par- 
ticular location  under  consideration.  In  a  general 
way,  in  the  District  of  Columbia,  the  mixed  bituminous 
material  used  in  the  first  method  costs  from  $1.40  to 
$1.50  per  cubic  foot  in  place  in  the  road.  If  it  will 
average  1  in.  deep,  then  it  will  cost  12  to  121/2  ct.  per 
square  foot  or  $1.08  to  $1,121/0  per  square  yard  of 
patch  (not  of  roadway  surface).  This  applies  to  small 
patches.  Larger  patches  would  cost  somewhat  less  per 


square  yard.  To  patch  a  roadway,  2  per  cent  of  whose 
surface  required  repair  to  an  avwage  depth  of  1  in., 
will  therefore  cost  about  2  ct.  to  2i'2  ct.  per  square 
yard  of  roadway  surface. 

The  second  method  will  cost  probably  10  ct.  per 
square  yard  for  the  preliminary  work  and  from  5  to 
G  ct.  per  square  yard  for  the  new  surface  treatment, 
or  a  total  of  15  to  16  ct.  per  square  yard  of  roadway 
surface. 

The  third  method,  including  the  work  of  scarifying 
and  reshaping  and  the  cost  of  material  and  labor,  will 
cost  from  60  to  75  ct.  per  square  yard,  depending  on 
many  and  various  factors. 

The  costs  are  based  on  labor  at  about  30  ct.  per 
hour,  teams  at  $5.50  per  day,  stone  at  10  ct.  per  cubic 
foot  at  the  road,  and  bituminous  materials  at  10  ct.  to 
15  ct.  per  gallon  at  the  work.  L.  R.  Grabill  is  Superin- 
tendent of  the  Suburban  Roads  of  the  District  of  Co- 
lumbia. 


Costs  of  State  Roads  in  California 

Some  figures  on  the  cost  of  highways  constructed 
i.nder  the  direction  of  the  State  Highway  Commission 
of  California  were  given  by  Mr.  Walter  C.  Howe, 
Division  Engineer  of  the  Commission,  in  a  paper  pre- 
sented Aug.  21  before  the  San  Francisco  Association 
of  Members  of  the  American  Society  of  Civil  En- 
gineers. 

On  account  of  the  widely  divergent  conditions,  in 
different  parts  of  the  State,  pavement  costs  have  ma- 
terially varied.  As  an  example:  The  cost  of  an  as- 
phalt, a  concrete  or  an  oil  macadam  pavement  in  the 
vicinity  of  Oakland,  should  be  considerably  less  than 
the  same  class  of  road  near  San  Luis  Obispo.  The 
reason  for  this  increased  cost  is  apparent  when  it  is 
e.xplained  that  asphalt  plants  in  the  latter  locality 
must  be  specially  erected  for  the  job  or  railroad 
plants  brought  in  at  considerable  expense.  Rock  is 
cften  hauled  160  miles  on  account  of  lack  of  first- 
class  gravel  deposits  or  successful  operating  rock 
quarries.  Long  wagon  hauls  from  the  railroad  are 
the  rule  rather  than  the  exception,  and  oil,  cement, 
steel,  and  even  sand  are  hauled,  subject  to  the  same 
expensive  freight  hauls.  On  this  account  the  fairest 
comparison  in  costs  must  be  made  in  sections  where 
conditions  of  supply,  haul,  grading  quantities,  etc., 
r.re  similar. 

In  the  several  counties  where  these  conditions  are 
found,  the  cost  of  an  oil  macadam  road,  15  ft.  in 
width,  avei-aged  $6,950  per  mile,  while  oiled  concrete 
averaged   $7,400  per  mile. 

On  the  San  Francisco  Peninsula,  where  the  con- 
crete base  is  heavier  and  the  roadway  24  ft.  wide, 
the  average  cost  of  an  asphalt  pavement  was  approx- 
imately $19,000  per  mile,  while  asphalt  on  a  macadam 
base  ranged  from  $6,800  per  mile  on  an  old  scarified 
macadam,  to  $15,500  per  mile  on  a  new  5-in.  base,  the 
roadway  being  20  ft.  in  width.  These  latter  costs 
r.pply  to  a  wearing  surface  of  either  Standard  asphalt 
or  Topeka  surface,  both  IV2  in.  thick. 


Method  of  Handling  Street  Openings  at  Toledo,  O. 

— A  new  policy  adopted  by  the  Service  Department 
of  Toledo,  O.,  provides  that  no  permits  for  street 
openings  will  be  issued  for  3  years  following  the  com- 
pletion of  a  pavement.  A  placard,  reading  as  follows, 
is  tacked  up  at  streets  which  are  to  be  improved: 

Notice! 

Legislation    has    been    passed    for    tlie    improvement    of    this 

street  by  paving.      Work  will  start  on    19 

Water.    Sewer   and  Gas  connections   must   be   made   at   once,    as 

street  opening  permits  will  be  issued  for  3  years. 
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Road   Construction  in   United 
States  in  1916 

Cash  expenditures  on  the  rural  roads  and  bridges 
in  the  United  States  in  1916  amounted  to  $272,6.34,424, 
according  to  a  circular  prepared  by  the  Division  of 
Economics  of  the  U.  S.  Office  of  Public  Roads  and 
Rural  Engineering,  and  issued  last  month  by  the  U. 
S.  Department  of  Agriculture.  To  the  above  figures 
should  be  added  the  value  of  the  statute  and  convict 
labor,  which  probably  amounted  to  at  least  $15,000,- 
000,  thus  making  the  grand  total  expenditure  for  the 
year  $288,000,000. 

According  to  the  circular  the  public  rural  roads  of 
the  United  States  at  present  have  a  total  length  of 
2,455,761  miles,  of  which  about  287,000  miles,  or  11.6 
per  cent,  are  improved  with  some  form  of  surfacing. 
The  mileage  of  hard  surfaced  roads  is  increasing  at 
the  rate  of  about  15,000  miles  per  annum.  During 
1916  the  States  having  State  highway  departments 
surfaced  about  7,000  miles  under  State  supervision 
and  also  improved  an  additional  9,000  miles  by  grad- 
ing or  otherwise.  In  addition  to  this  construction 
work  the  several  State  highway  departments  also  su- 
pervised the  maintenance  of  75,811  miles  of  main  and 
trunk  line  highways. 

From  1904  to  1915,  inclusive,  the  annual  increase  in 
the  expenditures  on  rural  roads  and  bridges  amounted 
to  approximately  12  per  cent  over  each  preceding  year. 
The  increase  of  1916  over  that  of  1915,  however,  was 
only  2  per  cent.    This  was  due  largely  to  the  scarcity 

TABI.E    I— TOTAL,    MILEAGE    OF  STATE    AND    STATE    AID 

ROADS  AND  TOTAL  STATE  EXPENDITURES. 

Total  state 
Total  all  funds  ex- 
state  and  Total  all  Total  all  pended  for 
state-aid  surfaced  public  rural    rural  work 
roads  built  roads  in  roads   in  from  pas- 
to  Jan.  1,  state  (ap-  state.  sage  of 
1917.  proximate).  Miles.  state  law- 
Miles.  Miles.  to  Jan.  1. 

1917. 

Alabama     659  6,000  55,446  ?        688,827 

Arizona    372     ,  375  12,075  1,480,590 

Arkansas    534  1,500  50,743  220,483 

California    1,907  12,300  61,039  20,857.055 

Colorado     i7,305  1,800  39,780  1,632,379 

Connecticut     =1.627  3,100  14,061  18,395,527 

Delaware    160  275  3,674  255,695 

Florida    3,500  17,995  11.619 

Georgia    13,000  80,669                      

Idaho    413  800  24,396  672,869 

Illinois     767  12,400  95,647  2,505,829 

Indiana    31,000  73,347                      

Iowa    1,000  104,074  346,756 

Kansas    1,400  111,052  40.000 

Kentucky     1.611  13,400  57,916  1,325,061 

Louisiana     752  2,400  24,563  790,860 

Maine    1.798   ■  3,250  23,537  6,920.459 

Maryland    1,321  2,900  16,459  19,863,142 

Massachusetts    . . .   1.998  8,900  18,681  21,701,228 

Michigan     3,940  9,600  74,190  4,165,640 

Minnesota    10,011  6,600  93.517  5,678,699 

Mississippi    2,600  45,779  6,500 

Missouri     '...  7,250  96,041  2,214,032 

Montana     30  800  39,204  60,496 

Nebraska    1,350  80,272  487,850 

Nevada    320  12,182  20,000 

New    Hampshire..  1,280  ■    1,900  14,020  3,674,458 

New     Jersey 2,054  6.000  14,817  9,523,419 

New   Mexico 846  550  '         11,873  1,048.639 

New    York 6,765  18,000  79,398  106,032.153 

North    Carolina 6,750  50,758  48,500 

North    Dakota 1,100  68,796                      

Ohio     1,299  31,500  86,354  14,558,300 

Oklahoma    1,900  300  107,916  330,32:: 

Oregon    413  4,875  36,819  584,697 

Pennsylvania    1,988  10,500  91,556  34.464,563 

Rhode    Island 325  750  2,170  4.450,936 

South    Carolina 3,700  42,226                      

South    Dakota 750  96.306                      

Tennessee     150  8,750  46,050  203,500 

Texas     12,000  128,960                      

Utah    3.440  1,500  8,810  989,132 

Vermont    2,011  2,100  14,249  4.304,364 

Virginia     4,463  5,500  53,3SS  8.412,461 

VP^ashington     1,977  5,900  42,428  141.943 

West    Virginia 1.532  32,024  5,169,001 

"Wisconsin     5,070  14,850  75,707  43,237 


Wyoming 


520 


14.797 


of  labor  and  materials  which  caused  an  unusually 
large  number  of  contracts  to  be  carried  over  to  this 
year.  In  New  York  State  alone,  contracts  involving 
about  900  miles  cf  state  and  county  highways  were 
left  uncompleted  at  the  close  of  1916. 

Of  the  total  cash  expenditures  of  $272,634,234  for 
1916,  $198,138,859  was  local  road  and  bridge  expendi- 
tures not  under  the  State  highway  department.  The 
remaining  $74,495,554  was  expended  by  or  under  the 
supervision  of  State  highway  departments.  Of  this 
later  total,  $40,969,000  were  State  funds  and  $33,526,- 
553  were  local  funds.  The  distribution  of  expenditures 
by  or  under  the  supervision  of  State  highway  depart- 
ments was  as  follows : 

Construction    of    roads $44,469,824 

Construction  of  bridges    i 5,414,331* 

Maintenance  of   roads  and   bridges 18,452,861 

Engineering    3,656,705* 

Administration     1,572,292* 

Equioment  and  miscellaneous 929,554 

•Partial  totals. 

Table  I  shows  the  mileage  in  the  several  States  of 
State  and  State  aid  roads  built  to  Jan.  1,  1917.  It  also 
shows  the  total  of  the  state  funds  expended  since  the 
passage  of  the  State  law. 

The  figures  for  the  cash  road  and  bridge  expendi- 
tures in  all  the  States  for  the  calendar  years  1904, 
1914  and  1916  are  summarized  below: 

1904.  1914.  1916. 

State  funds  expended  by  or 
under  State  Highway  De- 
partment      $     2,549,850     $24,220,830     $40,969,001 

Total  cash  expenditures  from 
all   sources    59,427,180       240,263.784       272,634,424 


Portable     Crushing    Outfit    for    County 
Road  Work 

By  means  of  a  portable  crushing  outfit  the  Com- 
missioners of  Malheur  County,  Oregon,  have  been 
able  to  crush,  deliver  and  spread  rock  on  their  roads 
at  a  cost  of  66-3  ct.  per  cubic  yard.  The  average  haul 
was  approximately  2  miles.  This  plant,  shown  in 
the  accompanying  illustration,  consists  of  a  No.  2 
steel  frame  Aurora  jaw  crusher  mounted  on  wheels, 
a  36-ft.  elevator,  a  32-in.  x  8  ft.  revolving  screen,  and 
75-cu.  yd.  bunkers  with  three  compartments  of  equal 
size  and  side  discharge.     The  crusher  is  fed  with  a 


Total   and   av 69.186  287.047  2,455,761  $307,937,838 

^Includes  about  6,300  miles  of  earth  roads.    '-"Includes  195  miles 
of  reconstruction.     ^No  data. 


Crushing  Plant  of  Malheur  County,  Oregon. 

16-ft.  elevator  mounted  on  trucks,  driven  by  a  gas 
engine.  The  material  is  conveyed  to  a  trap  over  the 
loading  elevator  with  Western  No.  1  slip  scrapers. 
The  product  is  hauled  to  the  roads  with  312-yd.  Troy 
reversible  spreading  wagons  drawn  by  a  gas  traction 
engine.  The  capacity  of  the  outfit  averages  about 
250  cu.  yd.  for  a  10-hour  run  on  river  bed  gravel,  com- 
posed of  material  ranging  from  pea  size  to  8-in. 
boulders. 
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Method   of  Using   Calcium  Chlo- 
ride   in    Gravel    Road 
Maintenance 

Calcium  chloride  is  used  in  certain  road  districts 
of  Connecticut  in  connection  with  the  maintenance  of 
gravel  roads.  The  method  employed  is  described  as 
follows  by  Mr.  A.  C.  Innis,  Supervisor  of  Repairs  of 
State  Highway  Department: 

The  calcium  is  spread  on  the  gravel  road  with  a 
machine  such  as  is  used  for  spreading  lime  on  farm 
land.  The  cans  are  opened  and  the  contents  placed  in 
the  hopper  of  the  spreader  and  the  machine  set  to  use 
about  2  lb.  to  the  square  yard.  It  is  spread  evenly 
and  in  as  near  this  amount  as  possible.  This  is  done 
as  soon  as  the  ground  has  settled  in  the  spring.  Then, 
if  necessary,  and  it  will  be  necessary,  especially  where 
this  calcium  chloride  is  being  used  for  the  first  time, 
another  coat  is  put  on  later  in  the  summer,  usually 
about  the  middle  of  July.  Of  course,  the  roads  are 
kept  constantly  dragged  and  smoothed  up  so  that  no 
pit  holes  are  allowed  to  form  in  the  road. 

If  under  very  wet  weather  conditions,  the  road  be- 
comes pitted,  as  soon  as  it  is  suitable  to  go  on,  a  load 
of  gravel  and  a  can  of  calcium  is  put  onto  a  truck  with 
two  or  three  men  as  it  is  thought  best,  and  the  road  is 
gone  over  thoroughly.  Every  uneven  place  is  filled 
with  gravel  and  a  little  calcium  is  sprinkled  onto  this. 
It  may  be  necessary  to  do  this  several  times  during 
the  season,  depending  upon  the  amount  of  travel  that 
the  roads  receive.  Patching  as  described  above  and 
dragging  should  be  the  motto  on  all  roads  which  are 
to  be  maintained  by  the  use  of  calcium  chloride.  If 
prior  to  the  first  application  the  road  is  dusty  to  any 
considerable  extent,  it  should  be  swept  off  and  thor- 
oughl.v  wet  down  with  a  sprinkling  cart  before  the  ap- 
plication of  chloride  is  made. 

Two  of  the  roads  on  which  the  calcium  chloride  is 
used  have  an  average  traffic  of  about  1,200  to  1,500 
vehicles  per  week.  During  one  week  in  October,  when 
there  is  a  State  fair  in  a  nearby  town,  the  roads  carry 
as  high  as  25,000  vehicles  per  week.  They  also  are 
subjected  to  considerable  motor  truck  traffic.  The 
roads  are  maintained  by  the  patrol  system. 


Factors 


Governing  Selection  of   a  Pave- 
ment 

In  order  to  give  property  owners  a  definite  idea  of 
the  various  factors  that  should  be  taken  into  consid- 
eration in  the  selection  of  pavement,  a  table  of  stand- 
ards has  been  prepared  by  Mr.  H.  C.  McClure,  Com- 
missioner of  Engineering  and  Construction  of  the  city 
of  Toledo,  O.  The  table,  which  is  reprinted  below, 
suggests  the  qualities  that  should  govern  the  choice 
of  a  pavement  and  their  relative  order  of  importance 
for  various  classes  of  districts: 


Road  "Smootiiing  Board" 

The  smoothing  board  shown  in  the  accompanying 
sketch  is  employed  in  gravel  road  rwaintenance  work  in 
one  of  the  districts  of  Connecticut  of  which  Mr.  A.  C. 
Innis  is  Supervisor.  This  "drag"  is  used  early  in  the 
spring  or  during  freezing  or  thawing  times  of  the  win- 
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No. 
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Material 
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at  regular  distances 

Details  of  Road  "Smoothing  Board." 

ter  to  level  the  roads.  The  action  of  drawing  the 
boards  over  the  surface  smooths  down  the  small  ruts, 
and  carries  forward  just  enough  material  to  fill  up 
the  little  depressions.  It  is  wholly  a  rubbing  down 
tool  rather  than  a  dragging  in  device. 


City  Maintains  Roads  by  Patrol  System 

The  city  of  Laconia,  N.  H.,  of  which  Mr.  Chas.  A. 
French  is  City  Engineer,  has  applied  the  patrol  sys- 
tem for  maintaining  some  of  its  thoroughfare.  This 
method  is  not  employed  on  the  paved  streets,  but  is 
used  on  the  outlying  roads  within  the  city  limits.  A 
patrolman,  equipped  with  a  horse,  cart,  drag  and  tools, 
is  placed  in  charge  of  about  6  miles  of  road.  He  is  paid 
44  4  7  ct.  per  hour.  He  drags  the  roads  when  they 
are  in  proper  condition  for  this  work,  cleans  out  the 
waterways  and  patrols  the  roads  when  not  dragging. 
The  results  are  stated  to  be  excellent  and  economical. 


Two-Course  Concrete  Roads  in  Wayne  County,  Mich- 
igan.— With  the  exception  of  emergency  roadways  all 
the  concrete  roads  built  during  the  past  year  by  the 
County  Road  Commissioners  of  Wayne  County,  Mich- 
igan, have  been  of  the  2-course  type,  using  Wiscon- 
sin granite  or  trap  rock  for  the  wearing  course  and 
washed  pebbles  or  crushed  limestone  for  the  lower 
course. 
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A  One-Man  Collapsible  Culvert  Form 

A  new  collapsible  culvert  form  of  particular  inter- 
est to  road  builders  has  recently  been  placed  on  the 
market  by  the  Storms  Manufacturing  Co.,  53  W.  Jack- 
son Blvd.,  Chicago,  111.  The  form  is  made  of  iron  bars 
and  comes  in  separate  sections  each  4  ft.  long.  It 
is  so  constructed  that  it  can  be  extended  horizontally 
and  vertically,  thus  permitting  a  wide  range  of  ad- 
justment. The  forms  are  furnished  in  two  sizes: 
The  No.  1  size  can  be  used  for  culverts  from  14  by  16 
in.  to  22  by  28  in.  inside  dimensions,  and  length  from 
4  ft.  to  30  ft. ;  the  No.  2  size  can  be  used  for  culverts 
with  inside  dimensions  from  24  by  26  in.  to  36  by  46 


Form    in    Position    Ready   for    Lumber   Casing. 

in.  and  lengths  from  4  ft.  to  30  ft.  These  figures  are 
based  on  the  use  of  2-in.  lumber  for  casing.  The 
forms  are  tripped  by  pulling  on  the  cross  rod,  which 
causes  the  frame  to  collapse  and  gives  the  necessary 
clearance  for  the  removal  of  the  casing  lumber.  After 
the  lumber  has  been  withdrawn,  a  pull  at  the  center 
bar  of  the  form  draws  in  the  side  sills,  giving  ample 
clearance  for  pulling  out  the  forms.  It  is  claimed 
that  the  forms  have  sufficient  strength  and  rigidity 
to  sustain  the  weight  of  fully  2  ft.  of  concrete  with- 
out sagging.  The  collapsing  and  removal  of  the  forms 
including  the  lumber,  in  several  recent  jobs,  has  been 
accomplished  by  one  man  in  less  than  5  minutes'  time. 


In  1909  there  were  722  miles  of  toll  roads  in  Penn- 
sylvania. In  the  last  6  years  nearly  200  miles  of 
these  roads  have  been  made  free  by  the  state  and  local 
authorities  and  over  40  miles  more  will  be  freed  in  a 
few  weeks. 


Road  Improvement  District  No.  1  in  St.  Francis 
County,  Arkansas,  is  calling  for  bids  for  construct- 
ing 42  miles  of  gravel,  concrete  and  asphaltic  ma- 
cadam road.       The  work  includes  290,000  cu.  yds.  of 


earthwork,    40,000    cu.    yds.    of    concrete    and    98,000 
cu.  yd.  of  gravel. 


Split  Float  for  Concrete  Road  Work 

The  split  float,  illustrated  below,  has  been  used  with 
success  on  the  concrete  road  construction  in  Stanis- 
laus County,  California.  The  device  is  made  from 
one  piece  of  1/16-in.  sheet  steel.  It  is  used  to  smooth 
down  the  slight  unevenness  on  each  side  of  an  un- 

,  iV.'W/-h  of  joint-  filler 


EcJae  Rounded 


Edge^  turned  down  fo  fake  place  of  edge  fool 
Split    Float    Used    on    Stanislaus    County,    California,    Road    Work. 

protected  joint  filler,  and  it  also  serves  the  purpose 

of  an  edge  tool.     Tfie  float  was  designed  by  E.   H. 

Annear,   Chief  Engineer    of    the  Stanislaus   County- 
Highway  Commission. 


Personals 

A.  F.  Stotler.  heretofore  supervisor  of  bridges  and  buildings, 
Northern  Pacific  Railway,  has  been  appointed  division  engineer, 
with   headquarters  at  Tacoma,   Wash. 

N.  S.  MuUican  has  been  appointed  chief  engineer  of  Davidson 
County,  North  Carolina.  Mr.  Mullican  has  resigned  as  city  man- 
ager of  Thomasville,   N.   C,   in  order  to  accept  the  new  position. 

U.  S.  Mar.shall.  formerly  assistant  engineer  of  the  County 
Highway  Commission  of  Sacramento  County,  California,  is  now 
load  engineer  at  the  government  cantonment  at  Camp  Lewis, 
Svashington. 

Santa  Barbara,  Cal.,  a  city  of  over  20,000  population,  has  in- 
vited applications  for  the  position  of  city  manager  under  the 
new  charter  which  becomes  efl'ective  Jan.  1,  191S.  Applications 
must  be  filed  with  the  City  Manager  Committee,  P.  O.  Box  6, 
.Santa  Barbara,  before  Dec.  1,  1917. 

The  following  named  officers  of  the  Engineer  Officers'  Reserve 
Corps  have  been  assigned  to  the  306th  Engineers,  Camp  Jackson, 
Columbia  S.  C. :  First  Lieuts.  Francis  H.  Kingsbury.  Percy 
Chambers,  Ambrose  Harwell,  Albert  T.  De  Baun.  Jr..  Elmer  G. 
Fuller  and  Donald  W.  Green:  Second  Lieuts.  Ruel  E.  Nottingham. 
George  S.  Bradford,  Harry  J.  Pfaff,  Jr.,  and  Frank  S.  Neely. 

Clifford  Older  has  been  appointed  by  Governor  Lowden  as  chief 
highway  engineer  of  the  Department  of  Public  Works  and  Build- 
ings of"  the"  State  of  Illinois  to  succeed  William  W.  Marr,  who 
riied  several  weeks  ago  at  his  home  in  Chicago.  Mr.  Older  is  a 
bridge  engineer  of  the  Department  of  Public  Works  and  Buildings 
and  has  been  acting  chief  engineer  since  the  death  of  Mr.  Marr. 

Maj.-Gen.  John  Biddle  has  been  appointed  assistant  chief  of 
si  aft  of  the  U.  S.  War  Department  to  fill  the  vacancy  caused  by 
the  appointment  of  Gen.  Tasker  H.  Bliss  as  chief  of  staff.  Maj.- 
Gen  Biddle  is  a  native  of  Michigan  and  was  born  Feb.  2,  1S59. 
He  was  appointed  from  that  state  to  the  Military  Academy 
Sept.  1,  1S77,  and  graduated  with  the  class  of  'SI.  He  returned 
to  the  academy  as  superintendent  in  1916  and  served  approxi- 
inatelv  a  year  in  that  capacity.  He  was  appointed  a  brigadier- 
general  and  assigned  to  the  line  a  few  months  ago.  During  the 
Spanish-American  war  Gen.  Biddle  served  as  lieutenant-colonel, 
chief  of  engineers.  After  the  war  he  returned  to  his  rank  of 
captain  in  the  engineer  corps.  He  was  promoted  to  be  a  ma.ior 
in  1901,  was  made  lieutenant-colonel  in  1907  and  colonel  in  1911. 
From  April  14,  1911.  to  June  15,  1914.  Col.  Biddle  served  as  a 
member  of  the  general  staff.  For  a  comparatively  short  time  he 
was  assigned  to  duty  as  engineer  commission 
(.'olumbia. 


of  the  District  of 


Industrial  Notes 

H.  M.  Lee.  president  of  the  Duplex  Truck  Co..  of  Lansing. 
Mich  .  annnounces  that  Herman  Loeffler  has  become  a  member  of 
the  Duplex  sales  department  and  will  represent  the  company  in 
the  eastern  states.  Mr.  LoefHer  was  connected  with  the  Fair- 
banks-Morse Co.  for  10  years,  and  for  the  last  3  years  has  been 
associated  with   the  Novo  Engine  Co.  of  Lansing. 

C  E  Hoyt  and  E.  C.  Hall  have  become  associated  with  the 
.Vational  Exhibition  Co.,  123  West  Madison  street,  Chicago,  which 
will  hold  the  cement  machinery  and  building  equipment  show 
in  Chicago  on  Feb.  6  to  13.  Mr.  Hoyt  has  been  secretary  and 
manager  of  tlie  annual  foundry  and  machine  tool  shows  for  a. 
number  of  vears.  Mr.  Hall  has  had  years  of  experience  with 
safety,    foundry,    educational  and   other  trade  conventions. 

Setting  as  their  goal  subscriptions  amounting  to  $1,500,000 
worth  of  Liberty  Bonds,  the  employes  of  the  Westinghouse  Elec- 
tric &  Mfg.  Co.  at  the  close  of  the  campaign  had  secured  sub- 
scriptions amounting  to  $1,610,000.  or  an  over-subscription  of 
illO.OOO  beyond  their  goal.  The  employes  of  the  subsidiary  com- 
panies subscribed  approximately  $620,000  and  the  company  itself 
has  subscribed  for  $2,500,000.  making  a  grand  total  for  the 
company  of  approximately  $4,730,000.  An  interesting  fact  in 
connection  with  this  bond  subscription  is  that  out  of  approxi- 
mately 30,000  employes  22,000  subscribed  to  the  bonds. 
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Roads  and  Streets — 1st  Wednesday 


Excavation  and  Govt.  Works — 3rd  Wednesday 

(c)   Harbors  and  Docks 


Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c)    Irrigation    and    Drainage 

(b)  Sewers  and   Sani-        (d)    Power 

tation 


(a)  Excavation    and 

Dredging 

(b)  Rivers  and  Canals 


(d)   Railway  Construction 


Buildings  and  Structures — 4th  Wednesday 
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ATTENTION! 

Turn  back  three  pages  to  advertising  page  16. 
The  publishers  of  Engineering  and  Contracting 
have  there  printed  a  message  that  should  interest 
you. 


The  Effect  of  Installing  District 

Meters  in  Different  Parts  of  a 

Water  Works  System 

Eventually  every  city  v.'ater  works  will  be  districted 
and  the  water  that  flows  into  each  district  will  be  me- 
tered by  what  may  be  called  a  "district  meter."  In  the 
Metropolitan  Water  District  of  Boston  and  neighbor- 
ing cities  there  are  69  Venturi  meters  that  measure 
the  water  flowing  into  each  of  69  districts.  As  a  re- 
sult of  the  installation  of  these  meters  and  the  in- 
dividual metering  of  about  67  per  cent  of  the  services, 
the  per  capita  consumption  of  water  has  fallen  from 
130  gal.  in  1907  to  89  gal.  in  1916,  or  a  reduction  of 
more  than  30  per  cent  in  water  consumption. 

Between  the  hours  of  1  and  4  a.  m.  an  amount  of 
water  equivalent  to  6.5  gal.  per  cjipita  passes  through 
the  69  Venturi  district  meters,  showing  conclusively 
that  a  large  water  wastage  occurs  even  during  the  time 
of  night  when  little  water  is  used  effectively.  District 
meters  disclose  such  facts  as  this,  which  individual 
meters  do  not  disclose;  and,  what  is  more  important, 
district  meters  show  exactly  what  districts  are  wast- 
ing the  most  water.  In  one  of  the  residential  districts 
cf  Boston,  for  example,  the  water  consumption  has 
been  reduced  to  45  gal.  per  capita,  effecting  a  water 
saving  of  more  than  60  per  cent. 

District  meters  are  relatively  inexpensive.  The  69 
Venturi  meters  above  mentioned  cost  only  80  ct.  per 
capita  of  population  served,  or  about  $600  per  square 
mile  of  city.  This  cost  is  so  slight  and  the  economic 
gain  so  great  that  we  are  safe  in  predicting  the  almost 
universal  use  of  district  meters  in  the  near  future, 
provided  hydraulic  engineers  and  water  works  man- 
agers will  study  the  problem  and  present  to  the  pub- 


lic convincing  data  as  to  the  annual  per  cent  of  profit 
resulting  from  the  use  of  such  meters.  In  another 
editorial  we  have  briefly  discussed  the  matter  of 
financing  public  improvements  of  this  kind. 


Would  the  Union  of  Two  Water 

Works  Associations  Be  an 

"Entangling  Alliance?" 

In  his  presidential  address  to  the  New  England 
Water  Works  Association,  Caleb  Mills  Saville  said: 

The  past  experience  of  this  association,  with  its  avoidance  of 
entangling  alliances,  is  the  best  guide  we  can  have  for  the  fu- 
ture. Our  present  position  as  a  power  in  water  department  mat- 
ters shovs  clearly  the  wisdom  of  the  founders  of  this  association 
in  rigidly  e.xcludi'ng  both  politics  and  commercial  exploitation 
from  its  voting  membership.  "As  with  the  Fathers  so  may  God 
be  RMth  us."  ^^"ith  other  organizations  we  will  work  together 
gladly  and  we  welcome  all  waterworks  men  to  our  inembership. 
Careful  consideration  of  our  own  particular  needs  and  purposes, 
however,   forbids  any  thought  of  combination  with  others. 

The  evident  implication  of  these  words  is  that  a 
union  with  the  American  Water  Works  Association 
would  weaken  the  influence  of  the  members  of  the 
New  England  Water  Works  Association,  mainly  be- 
cause of  "politics  and  commercial  exploitation."  But, 
granting  for  the  sake  of  argument  that  "politics"  has 
been  more  in  evidence  in  the  American  Association 
than  in  the  New  England  Association,  does  it  follow 
that  "politics"  would  be  powerful  enough  to  control 
the  joint  membership  of  both  associations?  It  must 
be  conceded  that  society  politics  becomes  less  effective 
as  societies  grow  larger;  and  it  must  also  be  granted 
that,  to  say  the  least,  a  very  large  proportion  of  the 
members  of  the  American  Association  can  not  be  in- 
fluenced by  "politics  and  commercial  exploitation." 
Then  if  to  these  non-partisan  members  be  added  the 
members  of  the  New  England  Association,  what 
would  become  of  the  remaining  small  minority  of  wire- 
pullers? 

We  think  that  Mr.  Saville  and  the  other  officers  of 
the  New  England  Water  Works  Association  who  have 
opposed  the  union  of  the  two  societies,  have  failed  to 
consider  the  full  force  of  the  objections  to  their  ob- 
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jections.  Indeed,  does  not  their  appeal  to  the  "wis- 
dom of  the  fathers"  itself  betoken  the  weakness  of 
their  argument? 


The  Apathy  of  Municipal  Engi- 
neers and  Waterworks  Super- 
intendents of  California 

Ninety-one  of  the  241  cities  of  California  were  rep- 
resented by  delegates  of  the  twentieth  annual  conven- 
tion of  the  League  of  California  Municipalities  (Sept. 
24-29)  at  which  360  delegates  registered.  The  names 
of  only  25  engineers  and  2  waterworks  superintendents 
are  to  be  found  in  the  list  of  360.  Yet  the  objects  of 
this  league,  which  we  give  below,  surely  would  lead 
us  to  expect  that  nearly  every  one  of  the  91  cities 
would  be  represented  by  at  least  one  civil  engineer  and 
one  waterworks  superintendent: 

The  dues  of  the  league  are  not  an  obstacle,  for  they 
are  paid  by  the  municipalities.  It  would  seem,  there- 
fore, that  the  traveling  expense  is  the  main  deterrent 
to  attendance  at  the  annual  conventions.  But  we  note 
that  30  city  attorneys  were  among  the  delegates,  indi- 
cating either  that  their  cities  paid  their  traveling  ex- 
penses or  that  city  attorneys  are  more  public-spirited 
than  city  engineers. 

In  any  event  there  is  evidenced  here  a  regrettable 
lack  of  determination  on  the  part  of  city  engineers  and 
waterworks  superintendents  to  play  a  leading  part  in 
civic  affairs.  If  they  would  go  before  their  city  coun- 
cils and  present  reasons  why  their  expenses  to  the 
convention  should  be  paid,  we  doubt  not  that  most  of 
them  would  be  authorized  to  make  the  trip  at  the  ex- 
pense of  the  public.  Surely  the  public  would  be  the 
gainer  by  having  its  trained  employes  attend  the  con- 
ventions of  an  organization  whose  objects  are : 

(1)  To  provide  means  v.hereby  officials  and  others  interested 
in  municipal  government  may  interchange  ideas  and  experiences: 

(2)  To  maintain  an  official  headquarters  and  information 
bureau  for  the  collection  and  dis.'semination  of  knowledge  relating 
to  municipal  affairs: 

(3)  To  secure  the  enactment  of  beneficent  legislation  for 
municipalities,  and  prevent  the  passage  of  such  measures  as  may 
"be  inimical  to  their  interests: 

(■()  To  prosecute  or  defend  any  interest  common  to  its  mem- 
bers: 

(5)  To  promote  education  in  municipal  government:  and 

(6)  To  do  any  and  all  other  things  necessary  or  proper  for 
the  benefit  of  municipalities. 

Each  member  of  the  legislative  Irody.  and  each  city  clerk, 
attorney  and  engineer  of  the  municipalities  belonging  to  the 
league  shall  be  placed  on  the  mailing  list  of  the  official  organ 
and  receive  a  free  copy  thereof  each  month.  Upon  special  re- 
<iuest  any  other  ofiicials  of  such  municipalities  shall  be  added  to 
the  mailing  list  without   charge. 


The  Welding  of  Pipe  Joints  by 
Oxy-Acetylene 

During  recent  years  many  gas  companies  have  laid 
a  great  deal  of  pipe  whose  ends  have  been  welded  in- 
stead of  screwed  together.  Not  only  has  the  first  cost 
of  the  pipe  lines  been  materially  reduced,  but  gas  leak- 
age has  been  practically  eliminated  by  the  use  of 
welded  joints. 

Wherever  steel  or  wrought  pipe  is  used — whether 
for  gas,  steam  or  water — the  welding  of  the  joints 
<:ertainly  merits  consideration.  An  oxy-acetylene 
v/elding  apparatus  is  very  inexpensive  and  men  are 
readily  trained  to  use  it.  The  acetylene  can  be  bought 
in  small  tanks  that  are  readily  portable.  The  same 
apparatus  can  be  used  to  cut  pipe,  to  make  "specials," 
-etc.,  furnishing,  in  short,  a  useful  all  around  tool. 


In  our  next  Waterworks  and  Hydraulic  Monthly  is- 
sue, Dec.  12,  there  will  be  given  several  illustrations 
of  the  application  of  oxy-acetylene  in  pipe  welding 
and  cutting.  The  National  Tube  Co.,  of  Pittsburgh, 
has  issued  Bulletin  No.  26,  containing  some  50  pages 
of  useful  data  and  information  relative  to  "autogenous 
welding"  of  pipe.  The  Prest-0-Lite  Co.,  of  Indianap- 
olis, Ind.,  has  published  a  useful  24-page  pamphlet  on 
vi'elding  and  cutting  by  the  aid  of  oxy-acetylene. 


Recruits  Wanted  for  Water  Sup- 
ply Service  in  France 

A  regiment  for  water  supply  service  in  France  is 
now  being  recruited.  There  will  be  6  companies  of 
250  men  each  that  will  constitute  the  "26th  Engi- 
neers." About  two-thirds  of  these  must  be  skilled 
artisans. 

The  following  types  of  skilled  men  are  particu- 
larly lacking:  Draftsmen  and  letterers,  photographers 
and  blueprinters,  blasters  and  powder  men,  skilled 
mechanics  for  auto  repairs,  steam  and  gas-engine  run- 
ners, pipe  calkers  and  lead-furnace  men,  masons  and 
concrete  workers,  experienced  well  drillers,  machin- 
ists, pipe  fitters,  mappers  and  surveyors,  electricians, 
riggers  and  laboratory  assistants. 

Among  our  readers  there  are  doubtless  a  good  many 
civil  engineers,  contractors  and  superintendents  who 
will  apply  for  enlistment  as  officers.  Others  will  be 
able  to  induce  skilled  artisans  to  enlist.  Communica- 
tions should  be  sent  to  Col.  E.  J.  Dent,  Camp  Dix.  N.  J. 


How  to  Facilitate  the  Financing 
of  Public  Works 

Remove  the  element  of  direct  and  easily  ascertain- 
able profit  on  an  investment  and  there  inevitably  fol- 
lows doubt  as  to  the  wisdom  of  the  investment.  Cur- 
tailment of  further  investment  follows  doubt,  and 
letarded  economic  progress  is,  of  course,  the  conse- 
quence of  unwise  curtailment. 

It  is  notoriously  difficult  to  secure  appropriations 
of  public  monies  for  public  works  of  economic  merit, 
largely  because  there  is  no  ready  means  of  measuring 
the  degree  of  merit,  such  as  a  private  corporation  can 
exhibit.  The  per  cent  of  net  earnings  on  the  invest- 
ment in  a  private  toll  road,  for  example,  forms  a 
definite  measure  of  the  economic  wisdom  of  the  in- 
vestment; but  a  good  public  road  showing  no  direct 
earnings  at  all  may  appear  to  be  a  luxury,  although 
in  reality  it  is  highly  profitable  to  the  public  that  it 
•serves. 

Where  individual  charges  are  not  made  for  the  use 
of  public  roads  and  streets,  and  the  like,  it  would  seem 
to  be  desirable  to  have  annual  estimates  made  by  en- 
;;iiieers  to  show,  in  dollars,  the  annual  worth  of  such 
works  to  the  public.  Certainly  when  new  public 
plants  or  extensions  to  old  ones  are  planned,  an  effort 
should  be  made  to  show  what  annual  "profit"  upon  the 
investment  is  to  be  expected.  The  "profit"  in  such  a 
case  would  be  the  annual  saving  of  time,  health,  etc., 
all  expressed  in  dollars.  Thus  in  the  case  of  a  pro- 
posed investment  in  a  water  treatment  plant,  the  an- 
nual value  of  lives  and  health  conserved  should  be 
estimated,  and  shown  as  a  percentage  on  the  invest- 
ment inclusive  of  the  capitalized  operating  expense; 
or  the  annual  value  of  lives  and  health  conserved,  less 
the  annual  operating  expense,  which  would  constitute 
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the  annual  net  profit,  should  be  shown  as  a  percentage 
on  the  investment  in  the  plant. 

Cei-tain  manufacturers  of  liquid  chlorine  apparatus 
have  gathered  and  published  statistics  showing  the 
annual  health  value  arising  from  the  use  of  liquid 
chlorine.  Engineers  and  water  works  superintendents 
can  advantageously  use  such  statistics  in  reporting 
upon  the  economic  advisability  of  chlorinating  city 
water. 

Similarly,  if  the  annual  worth  of  all  public  works 
were  expressed  in  dollars,  it  would  become  much 
easier  to  secure  appropriations  for  neded  public  im- 
provements. 


Road   Building   Regiment  Needs 
More  Skilled  Artisans 

Col.  E.  N.  Johnston,  commander  of  the  "23rd  Engi- 
neers," informs  us  that  more  than  1,000  recruits  are 
now  in  uniform  at  Camp  Meade,  Admiral,  Md.  Appli- 
cations have  been  received  at  the  rate  of  500  a  day,  so 
that  probably  more  than  10,000  applications  will  have 
been  received  up  to  this  date.  Although  only  10.500 
men  are  needed,  it  happens  that  those  fitted  for  the 
higher  positions  are  coming  forward  in  large  numbers, 
whereas  there  is  a  relative  scarcity  of  skilled  artisans, 
such  as  roller  men,  rock  crusher  and  enginemen. 
bridge  carpenters,  etc.  Accordingly  our  readers  will 
perform  a  patriotic  service  by  calling  the  attention 
of  such  men  to  the  opportunity  to  enlist  in  this  road 
building  regiment.  Communications  should  be  ad- 
dressed to  Col.  E.  N.  Johnston,  1419  F  St.,  Washing- 
ton, D.  C. 


Proper  Municipal  Accounting  and 
Its  Importance  to  Our  Readers 

How  many  of  our  readers  who  are  employed  by  mu- 
nicipalities have  ever  given  thought  to  the  effect  that 
adequate  municipal  accounting  might  have  upon  their 
personal  welfare?  If  you  were  working  for  a  com- 
pany whose  ledgers  were  notoriously  ill  kept  and 
whose  management  was  characterized  by  lack  of  sys- 
tem, would  you  be  surprised  if  your  salary  were  small 
and  your  advancement  slow?  Would  you  not  regard 
your  ill  fortune  as  a  direct  consequence  of  the  absence 
of  prciper  accounting  and  system?  And  would  you 
not  eventually  decide  to  leave  such  a  company  to  the 
financial  doom  that  it  justly  merited?  Can  you  not 
see  that  what  holds  true  of  a  private  corporation  is 
equally  applicable  to  a  public  corporation — a  city? 

Taxpayers  in  American  cities  have  come  to  regard 
inevitable  the  waste  of  much  of  the  money  that  is  col- 
lected from  them  for  public  use.  Those  of  them-  who 
are  business  m.en  know  well  what  the  waste  and  inef- 
ficiency would  be  were  their  own  private  accounting 
as  poor  as  that  of  the  average  city.  So  they  resolve 
to  keep  down  their  taxes,  even  at  the  expense  of  poor 
pavements,  poor  schools  and  inadequate  salaries  to 
cit.v  engineers,  teachers,  etc. 

In  a  paper  on  "Municipal  Accounting"  read  before 
the  recent  convention  of  the  League  of  California  Mu- 
nicipalities, Mr.  David  C.  Scribner  said: 

To  sum  up  the  present  status  of  city  bookkeeping,  it  is  sale 
to  say  that  for  the  most  part  it  is  yet  primitive  in  form:  that  the 
published  reports  we  receive,  even  when  modeled  on  uniform 
lines  are  little  more  than  an  analysis  of  the  treasurer's  transac- 
tions; and  that  generally  there  is  no  correct  accounting  for 
revenues  and  expenses  for  corresponding  periods. 

He  points  out  the  desirability  of  a  uniform  system 


of  accounting  for  all  cities  in  a  State,  and  correct  an- 
nual financial  reports  to  the  State  controller,  whereby 
costs  in  one  city  may  be  compared  with  those  in  other 
cities  of  like  size.  And  he  give/  other  excellent  ad- 
vice, none  the  less  excellent  and  needed,  though  not 
entirely  new. 

Our  cities  are  woefully  slow  in  acting  upon  such 
recommendations.  Let  our  readers  join  with  other 
earnest  men  in  the  effort  to  make  cities  adopt  satis- 
factory accounting  and  cost  keeping  systems. 


Occasional  Extravagance  or  Even 

Fraud  is  Often  Less  Costly 

than  "Red  Tape" 

Laws  and  rules  for  the  conduct  of  public  business 
are  designed  to  make  fraud  difficult  and  dangerous. 
Government  "red  tape" — against  which  violent  im- 
precations are  so  common — is  largely  a  device  to  in- 
sure honesty.  But  "red  tape"  is  admitted  by  all  to  be 
expensive,  so  expensive  at  times  that  it  defeats  its 
main  function  of  conserving  public  funds. 

Who  that  has  worked  for  a  government  does  not  re- 
call many  an  instance  of  waste  of  valuable  time  con- 
sequent upon  delays  in  securing  materials  or  sup- 
plies through  formal  requisitions?  Even  a  much 
needed  pencil  or  bottle  of  ink  is  often  unavailable  for 
days  because  it  must  be  secured  from  a  central  dis- 
tributing bureau  upon  written  order  signed  and  coun- 
tersigned, "okayed"  and  bouquetted,  sealed  and  in- 
itiated, until  the  order  looks  like  a  foreign  suitcase 
plastered  with  the  names  of  most  of  the  hostelries  of 
Europe.  And  all  for  what  end?  To  preserve  a  uni- 
form system?  No.  To  keep  down  cost?  Yes.  But 
there  are  times  when  "system"  and  "red  tape"  cost 
more  than  they  save.  If  a  system  of  requisitions,  for 
example,  is  very  elaborate  and  detailed,  it  may  well 
be  that  an  occasional  theft  or  extravagance  will  be 
prevented,  but  the  resulting  saving  may  be  far  less 
than  the  expense  of  maintaining  the  elaborate  sys- 
tem.    Better,  then,  the  theft  than  the  system. 

Who  has  ever  investigated  this  matter  thoroughly? 
Where  should  the  line  be  drawn  between  wide  "red 
tape"  and  a  very  thin  little  red  thread?  Now  that 
the  federal  government  is  engaged  so  stupendously  in 
enterprises  of  every  character,  including  the  rolling 
and  unrolling  of  countless  reels  of  "red  tape,"  it  would 
seem  that  it  might  be  profitable  to  determine  the  eco- 
nomic  limitations  of  "system." 


Stone,  Gravel  and  Sand  Shipments 

Curtailed  by  Shortage  of 

Gondolas 

For  some  time  the  shortage  of  gondola  cars  has  been 
acute.  Now  the  Priority  Board  of  the  Council  of  Na- 
tional Defense  has  issued  an  order  that  gondolas  mu.st 
not  be  furnished  for  road  and  street  work  until  such 
time  as  coal  shipments  are  better  cared  for.  Flat  cars, 
however,  may  be  used  for  carrying  highway  materials, 
and  already  many  contractors  and  shippers  are  build- 
ing sides  on  flat  cars  for  use  in  hauling  road  materials. 

The  fear  of  a  coal  famine  accounts  largely  for  the 
present  shortage  of  gondola  cars;  but  since  the  gov- 
ernment is  taking  steps  to  allay  the  fear  and  to  stop 
the  hoarding  of  coal,  it  is  probable  that  we  shall  not 
long  have  to  endure  restriction  in  the  use  of  gondolas. 
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The  Treatment  of  Packing-house 

Wastes  by  Activated  Sludge 

Process 

Large-scale  experiments  to  determine  the  possibili- 
ties of  the  activated  sludge  process  for  the  treatment 
of  packing-house  wastes  were  begun  early  in  1916  by 
the  Sanitary  District  of  Chicago.  These  experiments 
have  been  continued  and  have  been  successful  in 
demonstrating  the  adaptability  of  the  process  for 
handling  packing-house  sewage  mixed  with  domestic 
sewage.  Independent  experiments  also  have  been 
conducted  by  the  packers.  An  interesting  summary 
of  the  experiments  and  the  results  obtained  is  given 
in  a  paper  presented  Oct.  18  at  the  annual  meeting 
of  the  American  Public  Health  Association  by  Mr. 
Langdon  Pearse,  division  engineer,  in  charge  of  sew- 
age disposal  investigations  of  the  Sanitary  District 
of  Chicago.  Mr.  Pearse's  paper  practically  in  full  fol- 
lows. 

The  experiments  of  the  Sanitary  District  have  been 
conducted  on  a  mixed  domestic  and  packing-house 
sewage  (Center  Ave.  sewage)  containing  by  volume 
perhaps  25  per  cent  of  domestic  sewage.  The  experi- 
ments of  the  packers  have  been  conducted  on  the  ef- 
fluent from  individual  houses,  containing  considerably 
higher  amounts  of  suspended  matter  as  well  as  or- 
ganic matter  in  solution  (see  Table  I). 

Testing  Station,  Sanitary  District  of  Chicago. — The 
activated  sludge  plant  originally  consisted  of  a  rotary 
screen,  four  tanks  in  which  the  sewage  is  aerated,  one 
tank  for  settling  the  aerated  sewage,  one  sludge 
storage  tank,  two  blowers  with  motors  for  supplying 
air,  a  sludge  pump  for  returning  the  sludge  to  the 
aeration  tanks  from  the  settling  tank,  or  the  sludge 
storage  tank,  and  a  Venturi  meter  with  recording  ap- 
paratus for  determining  the  quantity  of  air  used. 

The  rotary  screen  is  of  the  Weand  type,  cylindrical 
in  shape,  2  ft.  4  in.  diameter  by  4  ft.  8  in.  long,  covered 
with  30  mesh  brass  wire  screen,  supported  on  Vo-in. 
mesh  screen.  In  the  summer  of  1917  the  30-mesh 
screen  was  replaced  by  a  20-mesh. 

The  four  aeration  tanks  are  each  6x23  ft.  in  plan,  12 
ft.  deep,  inside  dimensions,  of  3-in.  Oregon  fir,  well 
bolted  together,  with  air  distributors  of  filtros  plates 
set  in  hopper  bottoms  of  concrete  faced  with  hollow 
tile.  The  plates  are  arranged  differently  in  each  pair 
of  tanks.  The  ratio  of  plate  area  to  tank  area  is  ap- 
proximately 1  to  6.3  in  both  the  tanks  with  one  row 
of  plates  down  the  center  and  those  with  the  rows 
transversed  to  the  length  of  the  tank.  After  remodel- 
ing, the  effective  plate  area  was  found  to  be  1  to  8. 
The  capacity  of  each  tank  is  about  11,000  gal.  to  the 
flow  line.  The  tanks  were  first  connected  in  series 
and  provided  with  inlet  and  drain  pipes,  so  that  they 
can  be  operated  separately  on  the  fill-and-draw  plan, 
as  well  as  a  whole  with  continuous  flow.  The  air 
system  is  arranged  with  a  main  header  to  each  tank, 
from  which  branch  pipes  feed  each  set  of  plates. 
Three  small  Venturi  meters  are  provided  to  set  on  the 
main  header  lines  in  a  by-pass  to  check  up  the  flow 
of  air  to  each  tank. 

The  circular  tank  is  12  ft.  in  diameter  with  12-ft. 
staves,  built  with  a  hopper  bottom  of  the  Dortmund 
type,  originally  with  a  slope  of  0.6  vertical  to  1  hori- 
zontal. The  sewage  enters  the  tank  in  the  center  near 
the  bottom,  the  settled  sewage  passing  off  from  the 
top  around  a  peripheral  weir.  As  the  length  of  the 
weir  is  great  and  the  sheet  of  water  passing  over 
proved  very  thin,  "V"  notches  were  cut  in  the  crest 


to  facilitate  adjustment.  The  tank  is  provided  with 
a  sludge  pipe  for  discharging  sludge  onto  the  drying 
beds,  and  a  suction  pipe  to  the  sludge  pump. 

An  old  circular  Dortmund  tank,  8  ft.  outside  diam- 
eter, with  10  ft.  staves,  has  been  fitted  up  as  a  sludge 
.storage  tank.  It  can  also  be  used  as  a  settling  tank 
in  connection  with  one  of  the  aeration  tanks. 

Two  rotary  blowers  of  the  Connersville  make,  Bos- 
ton type,  belt  driven,  supply  the  air  for  the  plant, 
one  with  a  capacity  of  300  cu.  ft.'  per  minute  against 
a  pressure  of  6  lb.  per  square  inch,  driven  by  a  20- 
H.P.  motor,  the  other  with  a  capacity  of  150  cu.  ft. 
per  minute  against  a  pressure  of  10  lb.,  driven  by  a 
10-H.P.  motor. 

After  considerable  experiment,  the  settling  tank 
was  remodeled  and  the  bottom  hopper  slope  made  60' 
with  the  horizontal.  A  straight  flow  settling  tank 
was '  also  added,  with  steep  hopper  bottom  slopes. 
Later  the  plant  was  changed  again  to  permit  of  sep- 
arate aeration  of  the  sludge  followed  by  settling  be- 
fore pumping  the  concentrated  sludge  back  to  mix 
with  the  incoming  sewage.  The  period  of  aeration  in 
contact  with  the  sewage  has  been  cut.  The  amount 
of  air  used  is  somewhat  less  than  when  the  sludge 
was  aerated  entirely  in  contact  with  the  sewage. 

Summary  of  Activated  Sludge  Results. — The  Sani- 
tary District  experiments  on  the  activated  sludge  up 
to  March,  1917,  have  shown  that  the  following  con- 
ditions must  be  met: 

The  sewage  should  be  screened  with  a  fine  m.esh 
screen;  30-mesh  has  been  used.  This  removes  from 
600  to  1,000  lb.  of  dry  material  per  1,000,000  gal.  of 
day  flow. 

The  screened  sewage  can  be  aerated  in  continuous 
flow  tanks  using  4  cu.  ft.  of  air  per  gallon  of  sew- 
age, with  an  8-hour  contact  period  of  sewage  and  ac- 
tivated sludge.  This  will  produce  an  eflfluent,  prac- 
tically stable  in  summer  conditions. 

Sufficient  sludge  storage  capacity  in  the  aeration 
tanks  should  be  provided  to  care  for  at  least  140  per 
cent  of  the  sewage  entering  the  tanks.  Actually  from 
40  to  80  per  cent  of  the  incoming  flow  is  returned 
from  the  settling  tanks,  as  a  mixture  of  sludge  and 
sewage. 

The  depth  of  the  tanks  has  been  taken  at  16.5  ft. 
over  the  plates.  The  air  distribution  proposed  is 
through  filtros  plates  set  in  unit  boxes  of  cast-iron, 
the  ratio  of  filtros  plates  to  the  superficial  area  of 
the  tank  is  1  to  6. 

The  system  provides  the  following  approximate  re- 
covery of  solids: 

Grease  as  scum,  360  lb.  per  1,000,000  gal.;  as  grease, 
47  lb.  per  1,000,000  gal. 

Screenings,  600  to  1,000  lb.  of  dry  material  per 
1,000,000  gal.  of  day  flow. 

Sludge,  2,000  to  3,000  lb.  of  dry  material  per  1,000,- 
000  gal. 

Testing  Work.  Armour  &  Co.,  Swift  &  Co.,  Wilson 
&  Co. — Armour  &  Co.  have  made  an  extensive  study 
of  the  treatment  of  individual  house  effluents  both 
on  the  hog  house  at  Chicago  and  on  the  combined 
outfall  for  Armour  and  Swift  at  Fort  Worth,  Tex. 
The  results  sought  have  been  largely  from  the  stand- 
point of  determining  the  availability  of  material  re- 
covered for  fertilizer.  The  Chicago  results  approxi- 
mate those  of  the  Sanitary  District. 

At  Fort  Worth,  however,  a  very  strong  sewage  has 
to  be  handled,  because  owing  to  the  scarcity  of  water, 
waste  is  cut  to  a  minimum.  The  trend  of  the  experi- 
ments as  judged  from  published  data  and  a  personal 
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visit  to  Fort  Worth,  indicates  tliat  for  the  strong 
packing-house  waste  at  Fort  Worth — 

Preliminary  screening  is  necessary;  32-mesh  wire 
screen  has  been  used. 

Preliminary  sedimentation,  accompaned  by  grease 
removal  is  desirable. 

Dilution  of  the  strong  sewage  will  facilitate  treat- 
ment. 

In  the  aeration  of  the  sludge  contact  with  the  liquid, 
35  per  cent  sludge  is  desirable. 

Re-aeration  of  sludge  in  a  separate  tank  improves 
the  sludge. 

A  stable  effluent,  well  clarified,  can  be  made. 

The  air  consumption  will  be  high,  averaging  from 
6  to  9  cu.  ft.  of  air  pel-  gallon  of  sewage  with  a  10- 
hour  period  of  contact. 

The  use  of  acid  in  de-watering  the  sludge  coagulates 
the  sludge  both  quickly  and  readily,  reducing  the 
moisture  content  below  85  per  cent. 

Wilson  &  Co.  (when  known  as  Sulzberger  Sons  Co.) 
ran  a  small  testing  plant  on  the  effluent  of  part  of 
the  packing  house.  Quantitative  data  is  not  obtain- 
able, but  e.xamination  showed  clarification  accompa- 
nied by  recovery  of  solids. 

Swift  &  Co.  have  built  an  extensive  experimental 
plant  on  a  sewer  containing  typical  concentrated 
packing-house  sewage.  Although  practically  com- 
pleted a  year  ago,  the  plant  has  not  been  operated  to 
date,  owing  to  press  of  war  business. 

Arrangement  of  Tanks. — The  best  arrangement  of 
plant  is  not  yet  determined.  Two  schemes  have  been 
tried  by  the  Sanitary  District,  one  in  which  the  sludge 
is  aerated  entirely  in  contact  with  the  sewage,  the 
other  in  which  the  sludge  and  sewage  are  aerated 
for  a  short  time,  the  settled  sludge,  however,  being 
re-aerated  and  re-settled  before  return  to  the  initial 
point.  The  latter  arrangement  has  shown  somewhat 
smaller  requirements  in  the  amounts  of  air,  and  a 
reduced  volume  of  sludge  to  be  returned. 

Stability  of  Effluent. — The  amount  of  air  noted  in 
the  experiments  of  the  Sanitary  District  (4  cu.  ft.  per 
second  per  gallon  of  sewage)  is  apparently  suflScient 
to  produce  a  practically  stable  effluent  in  summer 
weather.  In  the  winter,  with  the  same  amount  of  air, 
the  effluent  is  of  lower  stability,  when  tested  by  in- 
cubation at  room  temperature.  If  a  stable  effluent 
is  then  required,  6  cu.  ft.  or  more  of  air  per  gallon 
of  sewage  may  be  needed,  according  to  the  tempera- 
tures of  the  sewage  and  air. 

Mixed  vs.  Undiluted  Wastes. — Although  the  evi- 
dence to  date  is  not  absolutely  conclusive,  the  indi- 


cations are  that  a  mixed  domestic  and  packing-house 
sewage  is  more  amenable  to  treatment  than  the 
strong  packing-house  sewage.  TJiis  indication  is  ap- 
parently confirmed  by  the  results  at  Fort  Worth. 

Air  Distribution. — The  distribution  of  the  air 
appears  at  present  to  be  best  served  by  the  use  of 
filtros  plates.  Perforated  pipes  have  been  tried  both 
at  Chicago  and  Fort  Worth.  More  air  is  required 
than  with  the  filtros.  The  ratio  of  gross  area  of  plate 
to  tank  area  at  Chicago  was  1  to  6.3  with  net  area 
of  1  to  8.    At  Forth  Worth,  1  to  7  has  been  used. 

Baffling  and  Agitation.  Tank  Design. — Consider- 
able study  is  required  on  both  domestic  and  industrial 
sewage  to  determine  the  best  design  of  tanks.  In  this 
connection  the  design  of  the  bottom  of  the  aeration 
tanks  deserves  attention.  In  England,  Jones  and  Att- 
wood  have  worked  out  a  saw-tooth  design.  In  the 
United  States,  Mordell  at  Milwaukee  has  worked  out 
a  design  with  a  curved  bottom,  the  plates  being  placed 
eccentric  to  the  center  of  the  tank.  At  the  Chicago 
testing  station  simple  baffling  has  been  tried,  with 
different  arrangements  of  shallow  hoppers  in  the 
bottom.  No  directly  comparable  results  are  avail- 
able. 

Sludge  Settling. — Following  aeration  of  the  mixed 
sludge  and  sewage,  the  sludge  is  settled  out.  The 
experience  of  the  Sanitary  District  indicates  that  the 
period  may  be  short,  '2  to  1  hour,  and  that  the  bot- 
tom slopes  of  hopper  bottom  tanks  should  be  about 
60'  while  the  horizontal  velocities  should  be  low. 
The  sludge  may  be  removed  continuously  by  air  lift  or 
centrifugal,  pump.  Flat  slopes  around  45°  or  lower 
appear  to  encourage  "hanging"  and  consequent  sep- 
tic conditions.     A  straight  flow  settling  tank  worked. 

The  required  settling  period,  however,  depends  vi- 
tally on  the  condition  of  the  sludge  and  may  vary  also 
with  the  season  of  the  year. 

Sludge  Treatment. — The  handling  of  the  sludge  is 
probably  the  most  difficult  problem  of  all.  In  the 
Sanitary  District  work,  with  screened  sewage,  exclu- 
sive of  screenings,  about  46,500  gal.  of  liquid  sludge, 
containing  99.2  per  cent  water  accumulated  per  1,000,- 
000  gal.  of  sewage  over  a  period  of  nine  months.  This 
is  equivalent  to  2,420  lb.  of  dry  solid  per  1,000,000 
gal.  The  amount  of  dry  solids  per  1,000,000  gal.  ap- 
pears to  vary  between  1,100  and  4,500  lb.  exclusive 
of  screenings.  The  screenings  caught  on  a  30-mesh 
screen  will  vary  from  500  to  1,200  lb.  of  dry  material 
per  1,000,000  gal.  of  day  flow.  During  a  period  of  6.5 
months  the  reduction  of  suspended  matter  was  2,820 


TABLE    I.— TYPICAL   AN.U^YSES    OF    PACKIXG   HOUSE    SEWAGE— PARTS  PER  JIILLION. 
-Nitrogen  as v 


Source. 


Total 


trites. 
0.49 


trates. 


26S 


245 


290 
92 
466 


Chlorine. 
1100 
'365 
920 


Tot. 


S60 


-Suspended  matter. - 


Vol. 


344 


Free 
org.  ammo. 

Center  Avenue' — 

Day  "9  22 

Night    ■  •• 

Halsted   Street-    260  2S 

Ashland   Avenue^ — 

Dav    ^3  20 

Night    34  IS 

Armour  &  Co.  Hog  House*— 

Day    

Night    

Swift  &  Co.5— 

Day    ofi  -6 

Night    21  9 

Wilson   &    Co." 194  .S 

Armour  &  Co..  Fort  Worth" 

Note. — Chicago  analyses  from  Report  Industrial  Wastes,  1914. 

'.\veragp     1913      =July  2S,    1911.   4   hours.     ^Fourteen    day   samples,   ten  night  samples, 
1911.    ".June  29"'to  July  1.  1911.    'Verbal  statement  of  W'.    C.  Moore,  Chemist,   Armour  &    Co., 

TABLE  II.— TYPICAL  ANALYSES  OF  SCREENINGS  AND  SLUDGE— THE  SANITARY  DISTRICT  OF  CHICAGO. 


lli.xed. 
141 


122 


278 
210 
395 


1911.    "June   6   to   10, 


Source.  moistu 

Screenings    SO."' 

Sludge    9915 

'Moisture  content  average  of  9  months. 


Calculated  to  dry  weight. 
Fixed.       Volatile.  Org. 

4.7  95.3  2. IS 

37.4  62.6  4.17 


Ether. 


Remarks. 
Average.    3   mos. 
Average,    9    mos. 
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lb.  as  against  a  sludge  removal  of  2,680  lb.  of  dry  ma- 
terial per  1,000,000  gal. 

The  essential  point  is  to  remove  the  water.  Various 
expedients  have  been  tried,  which  may  roughly  be 
subdivided  into  (1)  settling,  (2)  the  use  of  coagulants, 
including  both  alkali  and  acid,  (3)  filter  pressing. 
Centrifuging  has  not  yet  been  tried  at  Chicago. 

With  very  liquid  sludge,  direct  filter  pressing  is 
difficult,  owing  to  the  large  amount  of  liquid  to  be 
handled.  Preliminary  treatment  by  settling  with  or 
without  acidification  is  very  helpful.  Quiescent  set- 
tling from  3  to  6  hours  will  reduce  the  moisture  con- 
tent to  98  to  98.5  per  cent.  The  addition  of  about  6 
lb.  of  sulphuric  acid  per  1,000  gal.  of  sludge  (con- 
taining 98  per  cent  moisture)  seems  to  aid  in 
filter  pressing,  and  makes  a  sludge  which  leaves  the 
cloths  cleaner.  A  2.5  hour  pressing  with  acid  treated 
sludge  is  equivalent  to  3V2  to  4-hour  pressing  with 
settled  sludge.  Moreover,  acid  treated  sludge  ap- 
parently keeps  better  and  shows  a  somewhat  higher 
nitrogen  content. 

The  effect  of  acid  on  activated  sludge  is  not  at  all 
the  same  in  different  places.  Apparently  on  the  San- 
itary District  sludge,  the  effect  of  acid  is  a  minimum, 
whereas  at  Fort  Worth,  on  packing-house  activated 
.kludge,  the  addition  of  acid  produces  a  rapid  coagula- 
tion, with  immediate  flotation  of  the  sludge,  the  moist- 
ure content  being  quickly  reduced.  The  water  used 
m  the  packing  houses  there  is  very  high  in  alkali. 
The  sludge  can  be  further  reduced  by  drainage  and 
re-treating  to  about  85  per  cent  moisture  or  lower. 
This  phenomena  does  not  occur  at  Chicago.  Further- 
more, it  is  estimated  at  Fort  Worth  that  about  11,000 
lb.  of  dry  material  can  be  recovered  per  1,000,000  gal. 
Plain  settling  has  considerable  value  in  reducing 
the  moisture  content.  However,  the  effectiveness  is 
conditioned  on  the  condition  of  the  sludge.  The  set- 
tling is  not  as  marked  as  on  domestic  sewage  at  Mil- 
waukee or  in  packing-house  sewage  at  Fort  Worth. 

Filter  pressing  has  been  tried  by  the  Sanitary  Dis- 
trict on  a  small  "Simplex"  press,  with  plates  15  by 
15  in.  square,  loaned  by  the  Simplex  Ejector  Co.  and 
demonstrated  by  Mr.  W.  Buckley.  This  press  was 
the  one  used  at  Milwaukee,  with  the  addition  of  six 
radial  ribs  on  each  plate.  The  plates  in  the  press 
have  perforated  steel  strainer  plates  over  the  corru- 
gations. Cakes  from  ^s  to  l^L'  in.  have  been  made 
in  from  2  to  4  hours'  pressing,  with  pressures  vary- 
ing from  20  to  150  lb.,  according  to  the  character  of 
the  sludge  and  the  preparatory  treatment.  Occasional 
steaming  helped  in  keeping  the  cloths  clean.  The 
moisture  content  of  the  cake  was  varied,  in  general 
being  around  80  per  cent. 

Sludge  Analyses. — There  appears  to  be  considerable 
fertilizer  value  in  activated  sludge.  Analyses  show  a 
high  nitrogen  content,  compared  to  the  screenings 
(Table  II).  Occasional  analyses  show  press  cake, 
particularly  with  acidified  sludge,  running  from  5  to 
6  per  cent  of  nitrogen  on  the  di-y  basis. 

Screening. — The  value  of  fine  screening  as  a  treat- 
ment preliminary  to  aeration  is  worth  consideration. 
The  Sanitary  District  experiments  show  that  a  30- 
mesh  screen  will  remove  from  500  to  1,200  lb.  of  dry 
material  per  1,000,000  gal.  of  day  flow.  The  screen- 
ings contain  about  80  per  cent  moisture  after  natural 
drainage.  The  nitrogen  content  is  low,  equivalent, 
perhaps,  to  barnyard  manure  (Table  11).  The  ma- 
terial is  largely  paunch  manure.  The  material  re- 
moved is  the  coarser  suspended  matter,  consequently 
the  amount  of  depositing  material  is  lessened,  which 


may  tend  to  collect  in  the  depressions  of  the  aerating 
tanks.  From  the  operating  standpoint  the  removal 
of  this  material  by  screens  seems  desirable,  as  it  is 
largely  inert,  of  vegetable  origin  and  slow  to  decom- 
pose. From  the  standpoint  of  handling  the  sludge, 
however,  when  the  screen  is  running,  the  sludge  is 
somewhat  harder  to  press.  The  screenings  seem  to 
act  as  a  fibrous  binder  which  aids  pressing. 

Recoveries. — The  general  indications  at  Chicago  are 
that  grease  and  fertilizer  may  be  recovered.  The 
grease  may  be  worth  about  4  and  7  ct.  a  pound  at 
normal  and  war  prices.  The  activated  sludge,  dried, 
if  containing  regularly  5  per  cent  of  ammonia,  may 
be  worth  about  $12  per  ton  dry,  under  normal  condi- 
tions, or  possibly  $18  per  ton  under  present  war  con- 
ditions. 

Odors. — The  activated  sludge  testing  plant  operated 
at  Fort  Worth,  at  Chicago  by  Armour  &  Co.  and  by 
Sulzberger  &  Co.,  and  by  the  Sanitary  District  have 
been  remarkably  free  from  odor.  The  sewage  tested 
in  all  cases  has  been  fresh. 

Further  Developments. — Further  development  in  the 
activated  sludge  process  appears  to  be  along  the  lines 
of  reducing  the  amount  of  air  used,  improvement  of 
settling  tanks,  and  the  more  rapid  reduction  of  water 
content  of  the  sludge.  Such  development  will  tend  to 
reduce  both  construction  cost  and  operating  charges. 

The  reduction  in  the  use  of  air  may  be  obtained 
along  the  lines  of  development  in  the  design  of  tanks, 
to  promote  mixing  and  distribution  of  air,  and  possi- 
bly along  the  line  suggested  in  England  of  intermit- 
tent application  of  air. 

The  improvement  of  settling  tanks  is  in  a  transi- 
tion stage.  The  steep  hopper  bottomed  tanks  are  ef- 
fective. However,  other  devices  may  be  workable, 
such  as  the  Dooer  tank,  particularly  where  the  re- 
turned sludge  is  re-aerated  separately  and  re-settled 
before  return  to  the  inlet. 

Ways  and  means  of  reducing  more  rapidly  the  water 
content  of  the  sludge  should  be  studied,  either  in 
preparation  for  filter  pressing  or  as  a  direct  prelim- 
inary to  drying.  This  is  a  complex  problem,  verging 
on  the  domain  of  physical  chemistry. 

Conclusion. — The  activated  sludge  process  offers  the 
best  promise  of  a  solution  of  the  problem  of  treating 
packing-house  waste  of  any  suggested  up  to  the  pres- 
ent time.  For  the  study  of  conditions  in  Chicago  the 
construction  of  a  unit  plant  has  been  recommended 
to  handle  1,500,000  gal.  per  24  hours,  to  obtain  work- 
ing results  on  a  large  enough  scale  to  detemiine  the 
design  of  the  final  plant. 


Coal  Carried  by  Artificial  Ohio  River  Floods.— By 

means  of  an  artificial  rise,  started  on  Oct.  18,  1917,  at 
Dam  No.  7,  Ohio  River,  and  augmented  by  water  from 
the  Muskingum,  Kanawha  and  Big  Sandy  Rivers,  more 
than  80,000  tons  of  coal  from  the  Kanawha  River  were 
delivered  to  Cincinnati  and  other  river  cities.  Every 
available  towboat  and  barge  was  used  in  this  move- 
ment, even  the  small  harbor  boat  of  one  of  the  coal 
companies  being  utilized  to  bring  down  4  coal  boats, 
and  a  show-boat  pusher  was  chartered  to  bring  down 
10  barges;  14  tows  of  more  than  200  craft  were  in 
the  movement.  Last  August,  during  a  period  of  ex- 
tremely low  water,  a  fleet  of  barges,  which  carried 
13,000  tons  of  coal,  was  successfully  moved  by  this 
means.  About  a  year  ago  two  similar  e.xperiments 
were  carried  out  successfully  at  a  time  when  there 
was  a  shortage  of  coal  in  Cincinnati. 
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Steel   Water   Tanks    Encased    in 
Ornamental   Concrete   Shell 

The  Water  Department  of  the  city  of  Cincinnati, 
having  received  complaints  and  opposition  from  real 
■estate  holders  regarding  the  appearance  of  large  steel 
water  standpipes,  has  recently  taken  steps  to  improve 
conditions  from  an  architectural  standpoint  by  the 
erection  of  ornamental  concrete  structures  around 
the  standpipes.  The  first  work  of  this  kind  was  done 
at  the  Western  Hills  tanks,  and  proved  so  successful 
that  steps  were  taken  to  encase  the  tanks  forming  the 
Eastern  Hills  reservoir.  The  group  at  this  location 
consists  of  five  steel  standpipes,  40  ft.  in  diameter  by 
100  ft.  high.  The  four  outer  tanks  are  placed  at  the 
corners  of  a  60-ft.  square,  with  the  fifth  tank  in  the 


Partially    Completed    Ornamental    Concrete    Encasenv  i  l  ^tnel 

Water   Tanks. 

center.  The  accompanying  illustration  shows  the 
Eastern  Hills  tanks  almost  completed.  When  finished 
the  top  of  the  structure  will  present  the  appearance 
of  the  battlements  of  an  old  fort. 

Construction  Method. 

After  the  steel  cylinders  had  been  erected  they  were 
filled  with  water  so  that  they  would  have  the  same 
shape  as  when  in  actual  service.  It  was  feared  if 
concrete  was  poured  while  they  were  empty,  slight 
changes  in  shape  might  take  place  when  the  water 
was  let  in,  and  this  would  cause  cracking  of  the  con- 
crete shell. 

The  forms  for  the  first  section  setting  were  sup- 
ported on  the  foundation  and  braced  to  the  ground. 
Forms  for  subsequent  settings  were  raised  from  floats 
which  can  be  seen  in  the  illustration.  A  lifting  der- 
rick will  be  seen  at  the  extreme  right  of  one  of  the 
illustrations.  The  derrick  rests  on  a  two-boom  crab- 
opei^ated  rig  supported  on  empty  oil  barrels  on  the 
water  surface  of  each  of  the  four  corner  tanks.  Since 
each  panel  weighs  about  a  ton  it  is  practically  impos- 
sible to  pick  this  weight  from  a  floating  platform  of 
reasonable  cost  which  would  fit  in  a  40-ft  circle.  Flo- 
tation  is  therefore  used  only  when  rotating  the  rig 


from  one  form  to  the  next.  In  order  to  support  the 
load  the  rear  end  of  each  float  is  blocked  ddwn  from 
the  Z-bar  which  forms  the  top  qf  each  tank,  and  the 
forward  end  is  held  by  hooks  over  this  Z-bar. 

The  foundation  plan  was  about  100  ft.  on  the  side 
and  from  270  to  300  cu.  yd.  of  concrete  is  required  for 


Floating  Arrangement  for  Raising  Forms. 

a  complete  lift,  this  to  be  distributed  over  a  consid- 
erable area.  It  was  therefore  possible,  by  using  stop 
planks,  to  concrete  one-half  of  the  structure  while 
the  horizontal  reinforcing  was  being  set  and  while 
the  forms  were  being  raised  on  the  other  half,  thus 
the  mixing  plant  was  kept  going  at  the  rate  of  100 
cu.  yd.  or  more  a  day.  The  total  volume  of  concrete 
placed  exclusive  of  footings  was  about  3,800  cu.  yd. 

The  hoisting  tower  is  double,  one  side  being  used 
for  the  concrete  skip  and  the  other  having  an  eleva- 
tor for  the  workmen.  The  tower  also  has  a  boom  for 
raising  the  reinforcing. 

The  tanks  were  designed  and  built  under  the  direc- 
tion of  J.  A.  Hiller,  General  Superintendent  of  the 
Cincinnati  Water  Works,  T.  J.  Mulloy,  resident  engi- 
neer, being  in  charge.  The  Ferro  Concrete  Construc- 
tion Co.,  of  which  W.  P.  Anderson  is  president,  is  the 
contractor.  J.  Hodges  is  in  charge  of  the  work  for 
the  contractor  while  the  forms  and  methods  of  con- 
struction were  designed  by  Henry  D.  Loring,  engineer 
for  this  firm. 


"Gas  and  Flame"  Battalion. — A  "gas  and  flame" 
battalion  is  now  being  organized  for  service  with  U.  S. 
Troops.  Although  the  gas  and  flame  service  was  au- 
thorized as  recently  as  Oct.  15,  rapid  progress  has 
been  made  in  organization,  due  to  its  promise  of  early 
service  at  the  front  and  on  account  of  its  special  ap- 
peal to  men  experienced  in  civil  trades  which  lend 
immediate  qualifications  for  this  special  work.  It  is 
announced  that  there  is  opportunity  for  a  limited  num- 
ber of  enlistments  for  the  following  classes  of  men: 
Chemists,  gas  engineers,  plumbers,  electrical  experts, 
pipe  fitters,  interpreters,  mechanics,  chauffeurs,  ex- 
plosive experts,  cooks,  gas  experts,  blacksmiths,  car- 
penters, clerks,  and  muscular,  quick-thinking,  resolute 
men  between  the  ages  of  18  and  40  years  for  pioneer 
soldier  service  of  high  character.  Any  man  possessing 
the  necessary  qualifications  may  volunteer  at  any  re- 
cruiting station  of  the  country  by  asking  to  join  the 
Thirtieth  Battalion,  Gas  and  Flame,  forming  at  Wash- 
ington. 
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The  Sewage  Experiment  Station 
of  New  Haven,  Conn. 

A  very  complete  sewage  e.xperiment  station  has 
been  placed  in  operation  recently  by  the  city  of  New 
Haven,  Conn.  .The  following  description  of  the  sta- 
tion is  taken  from  a  papei-  presented  at  the  Boston 
meeting  of  the  American  Chemical  Society  by  Mr.  F. 
W.  Mohlman,  chemist  and  engineer  in  charge: 

New  Haven  is  an  important  manufacturing  city  of 
150,000  inhabitants.  The  sewerage  is  on  the  combined 
system.  Wastes  from  most  of  the  larger  factories  are 
discharged  into  the  East  Street  sewer,  which  has  an 
average  dry-weather  flow  of  13,000,000  gal.  per  day. 
Since  it  was  thought  that  trade-wastes  might  inter- 
fere with  the  treatment  of  this  sewage  it  was  decided 
to  locate  the  experiment  station  at  the  outfall  of  this 
sewer.     The  sewer  discharges  into  tide-water  and  at 


Sewage  Experiment  Station  of  New  Haven,  Conn. 

high  tide  the  sewage  is  backed  up  in  the  sewer  for  a 
distance  of  several  blocks. 

The  sewage  for  the  testing  station  is  pumped  by  a 
bucket-elevator,  which  was  erected  in  a  concrete  fore- 
bay  at  one  side  of  the  sewer.  The  sewage  is  deflected 
into  the  forebay  by  a  galvanized-iron  deflector  built 
out  nearly  to  the  center-line  of  the  sewer,  and  flows 
back  into  the  sewer  at  the  lower  end  of  the  forebay. 
It  was  believed  that  a  fair  sample  of  the  sewage  could 
be  obtained  in  this  way,  including  the  floating  solids 
and  grease,  and  that  the  suspended  solids  would  not 
be  broken  up  to  as  great  an  e.xtent  as  if  a  centrifugal 
pump  were  used.  Operation  of  the  elevator  has  shown 
that  it  fulfills  these  expectations.  It  delivers  approxi- 
mately 150,000  gal.  of  sewage  per  day  into  a  hopper- 
yhaped  receptacle  from  which  it  flows  over  to  the  sta- 


tion through  a  wooden  flume  supported  by  wooden 
bents.  Before  flowing  into  the  weir-box,  where  it  is 
measured,  the  sewage  passes  through  a  grit-chamber 
15  ft.  long,  12  in.  deep  at  the  inlet  end,  4  in.  deep  at 
the  outlet  end  and  4  in.  wide,  with  a  detention  period 
of  0.24  minute.  The  velocity  of  the  sewage  is  checked 
to  0.7  ft.  per  second  at  the  inlet  end,  increasing  to  2.1 
ft.  per  second  at  the  outlet  end.  This  velocity  is  so 
high  and  the  detention  period  so  short  that  very  little 
grit  has  been  removed  from  the  sewage. 

Following  the  grit-chamber  there  is  a  butterfly  valve 
in  the  flume  which  is  automatically  controlled  by  a 
float  in  the  weir-box.  This  butterfly  valve  keeps  the 
sewage  at  a  constant  level  in  the  weir-box,  the  excess 
sewage  being  deflected  over  weirs  4  ft.  long  cut  in 
the  sides  of  the  flume.  The  apparatus  for  maintaining 
a  constant  level  was  constructed  by  Wallace  &  Tier- 
nan  of  New  York  City. 

From  the  weir-box  the  sewage  flows  to  the  various 
tanks  over  adjustable  weirs,  small  amounts  of  10,000 
gal.  per  day  being  measured  by  60"  V-notch  weirs,  a 
larger  amount,  100,000  gal.  per  day,  by  a  rectangular 
weir  7I2  in.  long. 

The  processes  being  studied  are:  Activated-sludge. 
Imhoff.  Miles  acid.  Screening.  Disinfection  by  liquid 
chlorine. 

The  activated-sludge  experiments  are  on  the  con- 
tinuous-flow basis.    The  aerating  tank  is  16  ft.  long,  4 
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ft.  wide  and  8  ft.  deep.  At  the  bottom  of  the  tank  the 
sides  slope  at  45°  to  a  trough  1  ft.  wide  which  runs 
the  full  length  of  the  tank.  An  iron  frame  in  which 
are  cemented  15  filtros  plates  is  cemented  into  this 
trough.  The  air  is  admitted  at  the  inlet  end  of  this 
trough,  and  the  water  which  filters  through  the  plates 
can  be  drawn  off  at  the  outlet  end.  The  air  is  com- 
pressed to  3.5  lb.  pressure  by  a  Nash  hydroturbine 
having  a  capacity  of  20  cu.  ft.  of  free  air  per  minute. 
It  is  measured  by  means  of  a  Venturi  tube. 

The  settling  tank  is  4  ft.  by  4  ft.  in  plan,  and  12  ft. 
deep  to  the  bottom  of  the  hopper.  This  hopper  slopes 
at  60'  to  a  sump  in  which  is  cemented  a  3-in.  ell  con- 
nected to  the  suction  of  a  centrifugal  pump.  Sludge 
is  pumped  back  to  the  aerating  tank  where  it  is  meas- 
ured in  an  orifice  box.  A  baffle  T^i;  ft.  deep  extends 
across  the  center  of  the  settling  tank.  This  baffle  was 
first  placed  3  ft.  from  the  inlet  weir  and  1  ft.  from  the 
outlet  weir,  but  the  upward  velocity  of  the  effluent  car- 
ried particles  of  sludge  over  the  outlet  weir.  Since 
placing  it  in  the  center  of  the  tank  no  sludge  has  been 
lost  in  this  v^'ay.  The  theoretical  upward  velocity  is 
now  2.4  in.  per  minute;  it  was  formerly  4.8  in.  per  min- 
ute. The  capacity  of  the  aerating  tank  is  3,100  gal., 
the  settling  tank  1.150  gal.  At  present,  while  treat- 
ing 17,000  gal.  of  sewage  per  day  with  50  per  cent  as 
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much  sludge  returned,  the  aeration  period  is  3  hours, 
the  settling  period  66  minutes. 

The  Imhoff  tank  is  16  ft.  long,  4  ft.  6  in.  wide  and 
11  ft.  6  in.  deep.  The  flowing-through  chamber  ex- 
tends the  full  length  of  the  tank,  with  gas  vents  8  in. 
wide  on  each  side.  Its  capacity  is  840  gal.,  giving  a 
detention  period  of  2  hours  when  treating  10,000  gal. 
of  sewage  per  day. 

The  Miles  tank  is  16  ft.  long,  3  ft.  6  in.  wide  and  4 
ft.  deep,  having  a  capacity  of  1,680  gal.  When  treat- 
ing 10,000  gal.  per  day  the  theoretical  detention  period 
is  4  hours.  Liquid  sulphur  dioxide  in  cylinders  is  used 
for  acidifying  the  sewage,  supplemented  at  times  by 
gas  produced  by  a  sulphur  burner. 

Screening  experiments  were  planned  with  the  ex- 
pectation that  an  experimental  Riensch-Wurl  screen 
could  be  obtained,  which  was  to  be  operated  at  the 
rate  of  100,000  gal.  per  day.  In  view  of  the  impossi- 
bility of  obtaining  this  screen,  experiments  with  a 
mechanically-operated  screen  had  to  be  abandoned. 
Fixed  screens  of  30-mesh  monel  metal  wire  cloth  are 
used  in  a  screen  chamber  through  which  raw  sewage 
flows  at  the  rate  of  100,000  gal.  per  day.  The  screens 
are  removed  when  the  loss  of  head  reaches  2  ft.,  and 
are  cleaned  by  hand.  The  operation  of  the  screens  is 
discontinuous,  approximately  3,000  gal.  of  sewage  be- 
ing screened  for  one  experiment. 

The  effluents  from  the  Imhoff  tank,  activated-sludge 
tank,  and  screening  chamber  run  through  baffled  tanks 
where  they  are  treated  with  liquid  chlorine.  The 
periods  of  detention  are  from  2  to  5  minutes. 


A  Discussion  of  the  Fundamental 

Principles  of  Water  Works 

Valuation* 

If  rates  are  to  be  established,  the  valuation  should 
be  based  on  the  fair  and  legitimate  investment.  If 
the  financial  transactions  have  been  honest  and  the 
works  have  been  built  and  operated  according  to 
fiverage  or  ordinary  practice,  and  the  book  records  are 
in  good  shape,  the  historical  cost  should  be  taken  and 
the  rates  should  be  such  as  will  enable  the  utility  to 
receive  a  fair  i-eturn  on  its  investment  from  the  be- 
ginning; so.  therefore,  if  the  utility  has  not  as  yet  re- 
ceived a  fair  return  and  is  depending  upon  the  future 
to  attain  that  object,  the  past  losses  must  be  added 
to  the  historical  cost. 

The   logical   method  of  procedure   is  to  tabulate 
for  each  year: 

The  plant  co.st  (al. 

The    operatins    expenses    (b). 

The  e>;timale(i  depreciation  on  the  physical  plant   (c). 

The   gross  revenue    (d). 

The   lair  return   (e),   and   the  valuation    (v). 


Minnesota  Regulation  Relating  to 
Sanitary  Improvements 

The  Minnesota  State  Board  of  Health  has  recently 
adopted  a  regulation  requiring  that  plans  and  speci- 
fications for  water  supply,  sewerage  and  refuse  dis- 
posal for  public  use  must  be  submitted  to  the  Board 
for  its  approval.     The  regulation  follows: 

No  system  of  water  supply,  sewerage,  or  refuse  disposal  for 
public  use,  which  affects  or  tends  to.  affect  public  health,  shall 
be  installed,  nor  shall  any  such  existing  system  be  materially 
altered  or  extended,  until  complete  plans  and  specifications  for 
the  installation,  alteration,  or  extension,  together  with  such  in- 
formation as  the  State  Board  of  Health  may  require,  have  been 
submitted  in  duplicate  and  approved  by  the  Board  so  far  as 
relate.^;  to  their  sanitary  features.  All  construction  shall  take 
place  in  accordance  with  the  plans  as  approved,  whether  with  or 
without  modification.  Whenever  any  govei-ning  body  of  any 
municipality  having  charge  thereof  shaU  determine  that  there 
shall  he  any  material  change  in  the  plans,  construction,  or  opera- 
tion of  any  such  systems,  such  governing  body  shall  submit  to  the 
State  Board  of  Health,  in  duplicate,  a  detailed  statement  of  such 
action  or  such  contemplated  changes  before  it  shall  enter  upon 
the  making  of  such  changes  or  enter  into  any  contract  therefor 
or  any  part  thereof,  and  then  such  changes  shall  only  be  made 
after  approval  as  to  all  matters  liable  to  affect  public  health,  by 
the  State  Board  of  Health. 

Commission  Government  and  City  Managers. — The 

commission  form  of  government  and  city  manager 
plan  were  voted  on  by  a  number  of  cities  at  the  Nov. 
G  election.  East  St.  Louis,  111.,  by  a  vote  of  2  to  1 
adopted  the  commission  form  of  government.  Wal- 
tham.  Mass.,  also  adopted  the  commission  plan  and 
v.ill  have  five  commissioners  who  will  appoint  a  city 
manager.  Winchester,  Mass.,  voted  against  the  adop- 
tion of  the  town  manager  system,  and  Lynn,  Mass., 
which  accepted  the  commission  form  in  1910,  adopted 
a  revised  charter  under  which  it  goes  back  to  the  city 
council  plan.  Altoona,  Pa.,  elected  city  councilmen 
pledged  to  employ  a  city  manager.  Collingswood,  N. 
J.,  adopted  the  commission  form  of  government  as 
■  did  Clarksburg,  W.  Va. 


Then 
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-  d, 

the 


By  this  process  it  is  seen  that  a  reduction  of  any  of 
these  item.s — a,  b,  c,  e — or  an  increase  of  the  item,  d, 
will   decrease  the  valuation,  and  vice  versa.     If  the 
utility  has  earned  a  fair  return  and  no  more, 
b  -I-  c  +  e  ^  d,  and 
v  =  a. 

If  it  has  earned  more  than  a  fair  return,  v,  will  be 
less  than,  a,  and  if  it  has  earned  less  than  a  fair  re- 
turn, V,  will  be  more  than,  a. 

Under  this  plan  no  allowance  would  be  made  for 
accrued  depreciation,  obsolescence,  or  fluctuation  of 
value  of  real  estate,  water  rights,  or  other  property. 
Neither  would  allowance  be  made  for  service  pipes  or 
street  pavements,  unless  their  cost  were  borne  by 
the  water  company. 

In  the  writer's  judgment,  this  is  the  method  of  de- 
termining the  valuation  that  should  be  used  for  the 
establishment  of  rates  or  where  the  property  is  being 
condemned  by  the  municipality. 

The  following  are  some  of  the  reasons  for  this  con- 
clusion: Most  water-works  systems  were  established 
before  the  advent  of  State  control  and  regulation  of 
rates.  The  owners  knew  that  the  works  would  have 
to  go  through  a  period  of  development  and  could  not 
pay  for  a  considerable  number  of  years.  They  had 
reason  to  believe  they  would  eventually  pay  a  sufficient 
return  to  make  up  for  early  losses,  and,  therefore,  if 
the  city  should  condemn,  they  would  receive  at  least 
the  past  cost  plus  a  reasonable  rate  of  return  on  said 
cost;  otherwise  the  city  would  be  taking  private  prop- 
erty without  just  compensation. 

The  market  value  of  a  property  is  dependent  upon 
its  future  flet  revenue,  which  depends  upon  its  rates. 
Without  State  regulation  these  elements  of  market 
value  are  capable  of  being  predicted  by  water  works 
builders  and  investors  with  as  much  certainty  as  with 
other  industries.  But  just  as  soon  as  the  State  under- 
takes to  fix  rates  it  must,  presumably,  do  so  with  jus- 
tice. That  means  that  the  public  shall  be  protected 
against  undue  profits  to  the  water  company  and  the 
company  shall  be  protected  against  loss,  which  will 
oe  the  case  unless  it  earns  a  fair  return  on  the  invest- 
ment corresponding  to  water  works  practice.  Hence 
the  valuation  must  be  based  on  investment  and  not 

•From  a  paper  by  J.  W.  Ledoux.  in  October  Journal  of  the  En- 
ineers'   Club  of  Philadelphia. 
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on  estimated  cost  of  reproduction  at  present  prices. 
Neither  can  it  be  based  on  market  value,  because  the 
market  value  cannot  be  established  until  the  rates 
have  been  fixed  for  a  long  period  in  the  future. 

Evidently  there  are  serious  difficulties  connected 
with  the  practical  application  of  this  method,  other- 
wise it  would  be  more  universally  recommended  for 
the  two  conditions  above  cited.  A  few  of  these  diffi- 
culties are  as  follows:  The  accounts  of  the  water 
company  may  be  lost  or  m.anifestly  in  error.  The  con- 
struction and  operation  of  the  works  may  have  been 
grossly  mismanaged.  The  cost  of  the  physical  plant 
and  of  operation  may  have  been  much  too  high  or  too 
low  in  comparison  with  ordinary  practice.  The  prop- 
erty may  have  changed  hands  at  a  price  that  was 
grossly  different  from  a  fair  valuation.  For  all  these 
cases  the  valuator  will  have  to  use  his  best  judgment 
to  supply  missing  or  defective  data. 

Assuming  that  all  the  items  represented  in  the 
formula  by,  a,  b,  c,  and,  d,  are  satisfactorily  deter- 
mined, what  shall  be  taken  for,  p,  the  percentage  of 
fair  return? 

A  public  water  works,  whether  owned  by  a  private 
company  or  a  city,  is  one  of  the  most  important  and 
vital  elements  upon  which  the  health  and  welfare  of 
the  community  depend.  The  responsibility  for  its  safe 
operation  is  great,  and  any  failure  in  the  performance 
of  its  functions  is  damaging  to  the  community  de- 
pending upon  it.  To  be  operated  well  and  continu- 
ously, its  financial  success  must  be  certain.  To  main- 
tain the  desired  standards  and  well  provide  for  the 
growing  demands,  money  must  be  readily  available. 
This  means  that  investors  in  its  stocks  or  securities 
must  be  assured  of  fair  returns,  and  that  there  is  no 
danger  of  public  confiscation  by  under-valuations  or 
inadequate  rates. 

Heretofore  the  percentage  of  returns  on  this  class 
of  property  has  been  far  less  than  on  other  public 
enterprises  of  less  vital  importance,  and  there  is  a 
tendency  on  the  part  of  the  public  service  commis- 
sions to  squeeze  down. the  valuations  and  consequent 
return  on  the  investment  to  figures  that  are  a  grave 
menace  to  this  class  of  property. 

Recognizing  this   condition,  the  holders  of  wealth 

TABLE    I.— VALUATION    BASED    ON     THE    ACTUAL    COST, 

INCLUDING  A  FAIK  RETURN   OF  S  PER  CENT   ON   THE 

INVESTMENT,    AND   t   PER   CENT   DEPRECIATION. 
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Operating 

-^ 

-^ 

-^ 

-^ 

-^ 

uSkmS 

'"■°>S' '° 

'bS"!" 

'"I'era'l'jS" 

"""■" 

each  year 
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ISSI 

S42.000.00 

$42,000.00 

$42,000.00 

$42,000.00 

1890 

6,535.40 

S2,025.39 

82.249.67 

50,560.79 

48.311.12 

$4,347.99 

52,659.11 

UWl 

2.879.92 

1,885,36 

3,606.66 

57,424,39 

53,817.73 

4,843.59 

l.TO 

6,936.30 

1,819.99 

5,101.43 

67,417.61 

62,316.16 

5,608.43 

67,924.63 

1S93 

1,903.61 

1,955.96 

6.186.59 

,  71,784.20 

65,597.61 

5.903.78 

71,501.39 

1S94 

1,425.85 

1,559.92 

7,128.58 

74,487.16 

67,358.58 

6,062.26 

73,420.84 

1895 

7.780,83 

2,020.84 

8,152.77 

83,222.51 

75,069.74 

6.756-27 

81,826.01 

1896 

1,607,65 

3,437.83 

9,056.45 

86,871.49 

77,815.04 

7,«03.35 

84,818.39 

1897 

10,747,41 

3,025,36 

9,716.35 

98,591.16 

88,874.81 

7,998.73 

96,873.54 

1898 

1,290,32 

4,470.75 

9,562.28 

102,634.61 

93.072.33 

8,326.50 

101,398.83 

1899 

1.862.82 

2.089.35 

10,413.49 

105..351.0O 

94.937.51 

8,544.37 

103,481.88 

1900 

532.78 

3,479.73 

10,803.68 

107,494.39 

96,690.71 

8,702.16 

105,392.87 

1901 

2.870.80 

4,596.83 

12,774.14 

112,860.50 

100,086.36 

9,007.77 

109,094.13 

1902 

3,279.23 

4,151.63 

11,627.44 

116,524.99 

104,897.55 

9.440.78 

114,338.33 

1903 

2.-79.56 

5,252.57 

13,207.14 

122,370.46 

109,163.32 

9.824.70 

118,988.02 

19(M 

4.322.97 

6,284.04 

14,363.17 

129,605.03 

115,241.86 

10,371.77 

125,613.63 

1905 

1,636  30 

5.885.11 

14,272.20 

133,135.04 

118,862.84 

10,697.65 

129,560.49 

1906 

7,262.56 

6,196.80 

16,257.90 

143,019.85 

126,761.95 

11,408.57 

138,170.52 

1907 

26,412.27 

8,209.25 

17,772.66 

172,792.04 

155,019.38 

13,951.74 

168,971.12 

1908 

7,330.24 

17,903.87 

176,519.07 

158,613.20 

14,275.37 

172,890.57 

1909 

522.41 

6,631.18 

19,253.54 

180,044.16 

160,790.62 

14,471.15 

175,261.77 

1910 

6,543.13 

7,585.01 

19,277.86 

189,389.91 

170,112.05 

15,310.08 

185,422.13 

1911 

11,816.56 

4.615.73 

21,141.01 

201,854.42 

180,713.41 

16,264.21 

196,977.62 

1912 

3,560.60 

5,464.42 

23,856.75 

206,002.64 

182,145.89 

16,393.13 

198,539.02 

1913 

7,250.51 

8,785.21 

26,599.76 

214,574.74 

187,974.98 

16,917.75 

204,892.73 

1914 

13,929.53 

6,389.78 

27,204,29 

225,212.04 

198,007.75 

17,820.70 

215,828.45 

1015 

14,602.90 

9,646.46 

27,403.57 

240,077.81 

212,674.24 

19,140.68 

231.814.92 

1916 

11,518.71 

6,698.41 

28,775.06 

250,032.04 

221,256.98 

19,913.13 

241.170.11 

1917 

369.93 

2,036.63 

1.080.62 

243,576.67 

242,496.05 

5.456.16 

247,952.21 

are  reluctant  to  make  such  investments  unless  there 
be  assured  earnings  far  in  excess  of  a  legal  rate  of 
interest.  Men  experienced  in  water  works  manage- 
ment and  finances  refuse  to  purchase  these  properties 
except  on  a  9  or  10  per  cent  basis.  As  a  consequence, 
it  will  be  impossible  to  make  necessary  improvements 
to  meet  the  growing  demands  of  the  communities,  un- 
less the  commissions  and  tribunals  make  it  their  busi- 
ness to  adopt  an  entirely  different  attitude,  such  that 
the  water  works  investments  will  again  be  considered 
as  attractive  and  safe  as  they  were  prior  to  the  time 
when  they  came  under  commission  regulation. 

It  would  therefore  seem  that  for  the  present,  at 
least,  8  per  cent  should  be  taken  as  a  fair  return.  For 
future  years,  when  water  works  investments  are  again 
looked  upon  as  stable  and  safe  under  commission  rul- 
ing, it  may  be  that  a  much  lower  per  cent  will  attract 
capital,  even  approximating  as  low  as  obtains  for  mu- 
nicipal securities. 

To  make  the  process  of  valuation,  outlined  in  Table 
I  as  simple,  definite  and  specific  as  possible,  a  typical 
case  of  a  small  water  works  plant  is  taken  as  an -illus- 
tration. It  happens  to  be  a  fairly  successful  works, 
which  has  actually  earned  an  avei-age  of  over  7  per 
cent  on  the  investment  from  the  beginning. 

The  foregoing  discussion  refers  to  the  case  of  es- 
tablishing rates  or  condemnation  of  the  plant  by  the 
municipality.  The  valuation  so  determined  is  not  at 
;^11  based  on  economic  or  market  value,  and  therefore 
cannot  be  considered  as  synonymous  with  what  has 
been  designated  as  "fair  value,"  but  is  more  properly 
"ermed,  "fair  valuation,"  or  "just  valuation,"  and  is 
applicable  to  those  cases,  not  only  in  which  the  util- 
ity is  under  government  regulation  as  to  rates  or  sub- 
ject to  condemnation,  but  where  the  exercise  of  either 
one  of  these  functions  is  the  purpose  of  the  valuation. 

We  next  come  to  the  case  wherein  a  municipality 
desires  to  acquire  the  utility.  It  may  have  the  option 
of  negotiating  with  the  owners  of  the  utility,  of  exer- 
cising its  right  of  eminent  domain  or  of  building  its 
own  plant.  Let  us  assume  the  municipality  prefers 
not  to  condemn  on  account  of  the  danger  of  too  high 
a  valuation,  so  that  a  satisfactory  price  must  be  agreed 
upon  or  the  municipality  builds  its  own  works.  The 
municipality  calls  in  an  experienced  valuator  and  in- 
quires of  him  as  follows:  "What  can  we  afford  to 
pay  for  the  utility  rather  than  build  our  own  works  ?" 
The  valuator  naturally  proceeds  to  estimate,  at  pres- 
ent prices,  the  cost  of  construction  of  an  exactly 
equivalent  plant,  from  which  he  deducts  a  proper  al- 
lowance for  accrued  depreciation.  To  the  remainder 
he  adds  the  value  of  the  acquired  revenue  and  obtains 
a  valuation  based  on  the  cost  of  reproduction — usually 
designated  as  "the  cost  of  reproduction  less  depre- 
ciation plus  going  value."  This  method  is  entirely 
different  from  the  first,  and  the  resulting  valuation  is 
likely  to  be  materially  different.  If  the  city  did  not 
have  the  right  to  build  its  own  plant  without  first 
buying  or  condemning  the  existing  plant,  there  would 
seem  to  be  no  logical  justification  for  this  method  of 
valuation. 

Let  us  assume,  however,  first,  that  the  city  has  the 
right  to  build  its  works  but  cannot  prevent  the  water 
company  from  continuing  to  operate,  and,  second,  it 
has  the' right  to  biiild  its  own  works,  and  as  soon  as 
the  new  plant  is  completed  it  can  prevent  the  water 
company  from  continuing  its  business.  The  cost  of 
construction  will  be  the  same  in  each  case,  but  the 
"going  value"  will  be  materially  different.  In  the 
first  case  it  may  be  impossible  for  the  city  to  acquire 
all,  or  even  a  substantial  portion,  of  the  revenue.  So 
(94) 
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the  city  can  afford  to  pay  the  water  company  a  high 
price  for  the  existing  revenue  rather  than  be  subject 
to  disastrous  competition  and  economic  loss.  In  this 
case  the  "going  value"  will  be  a  maximum. 

In  the  second  case  the  city  is  sure  to  secure  all  the 
revenue  within  a  few  years  after  the  new  works  are 
completed.  If  there  is  no  other  way  to  obtain  water, 
most  of  the  people  will  connect  up  the  first  year  after 
the  beginning  of  operation,  and  evei'y  one  of  the  old 
consumers  will  be  a  patron  of  the  new  works  within 
two  or  three  years.  However,  the  usual  case  is  where 
the  people  can  obtain  water  from  wells  or  cisterns,  in 
which  case  it  may  be  several  years  before  they  are  all 
connected  up. 

To  determine  or  calculate  what  the  "going  value" 
should  be  for  either  of  these  cases,  it  is  necessary  to 
make  a  comparison  of  the  financial  operation  of  each 
plant  from  the  present  up  to  the  time  when  the  new 
plant  is  receiving  the  same  gross  and  net  revenues 
as  the  old  plant  is  then  receiving.  The  annual  differ- 
ences in  favor  of  the  old  plant  reduced  to  a  present- 
v/orth  basis  will  be  the  "going  value."  Some  broad 
assumptions  have  to  be  made — the  length  of  time  re- 
quired to  build  the  new  plant,  the  annual  operating 
expenses,  depreciation,  interest,  the  gross  revenue  for 
each  plant  up  to  the  time  at  which  they  are  equivalent, 
and  the  value  of  money  to  be  used  in  calculating  the 
present  worth.  Most  of  these  elements  require  judg- 
ment and  at  best  are  subject  to  uncertainty,  but  the 
computation  is  nevertheless  perfectly  legitimate  and 
likely  to  reach  much  nearer  the  truth  than  to  guess 
at  the  "going  value"  without  any  other  basis  of  com- 
parison. The  prognostication  of  the  future  is  very 
much  aided  by  the  graphical  method.  Curves  are 
drawn  to  indicate  the  variation  of  gross  revenue  and 
operating  expenses  for  the  old  plant,  and  these  are 
extended  into  the  future  years,  preferably  by  straight 
lines.  From  these  straight  lines  an  equation  of  the 
■operating  expenses  is  derived  in  the  form — 

o  =  a  +  bR,   in  whinh 

o  is  the  annual  operating  expenses. 

R  is  the  gross  revenue, 

a  and  b  are  constants. 

Substituting  known  values  for  o  and  R  for  two 
points  on  each  of  the  straight  lines,  the  constant 
values  of  a  and  b  are  obtained. 

Next  tabulate  the  estimated  annual  gross  revenue 
for  the  new  plant,  from  which  the  equation  may  be 
used  to  calculate  the  operating  expenses.  We  now  have 
sufficient  data  to  complete  the  table.  To  reduce  the 
net  revenue  differences  to  present  worth,  it  would 
seem  that  for  these  cases  the  rate  of  interest  which 
the  municipality  has  to  pay  for  money  should  be  used 
rather  than  that  which  the  water  company  should  re- 
ceive as  a  fair  return. 

The  valuation  so  obtained  will  represent  what  the 
city  can  afford  to  pay  rather  than  build  its  own  plant. 

It  is  evident  that  this  method  ought  to  produce  the 
same  result  when  it  is  approached  from  the  water 
company's  side.     The  question  would  then  be,  "What 


can  it  afford  to  take  rather  than  let  the  city  build  its 
own  works?"  The  answer  would  naturally  be,  "It  can- 
not expect  to  receive  more,  and  it  should  not  receive 
less,  than  the  city  can  afford  to  pay,  and,  hence,  pre- 
cisely the  same  method  should  be  used  and  the  same 
rate  for  money  to  calculate  present  worth." 

In  order  to  make  the  method  of  calculating  "going 
value"  more  clearly  understood  and  rationally  pre- 
sented, we  have  shown  a  typical  calculation  in  Table 
II.  We  have  assumed  the  physical  cost  of  the  plant 
to  be  $235,265.  The  diagram  (Fig.  1)  shows  the  gross 
revenue  and  operating  expenses  and  curves  of  the  cor- 
responding estimated  figures  for  the  equivalent  plant. 

We  assume  that  it  would  take  a  year  to  complete  the 
construction  of  an  equivalent  plant,  and  that  6  years 
after  the  plant   is   completed   it  will   have  the   same 
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Fig.    1 — Diagram   for  Gross   Revenues  and   Operating   Expenses  for 
Use    in    Determining    Going    Value.     1917. 

earnings  and  operating  expenses  as  the  present  plant. 
The  variations  would  be  as  follows: 

At  the  end  of  the  first  year  after  completion  30  per  cent  of  the 
final  gross  revenue. 

At  the  end  of  the  second  year  after  completion  35  per  cent  of 
the  final  gross  revenue. 

At  the  end  of  the  third  year  after  completion  i5  per  cent  of 
the  final  gross  revenue. 

At  the  end  of  the  fourth  year  after  completion  S7  per  cent  of 
the  final  gross  revenue. 

At  the  end  of  the  fifth  year  after  completion  96  per  cent  of 
the  final  gross  revenue. 

At  the  end  of  the  sixth  year  after  completion  100  per  cent  of 
the    final   gross   revenue. 

From  the  equation 

o  =  a  +  bR, 

taking  values  of,  o,  and,  R,  from  the  straight  lines  of 
the  diagram,  a,  and,  b,  become  $1,660  and  0.2.32,  re- 
spectively, so  that  the  final  equation  becomes, 

0  =  $1,660  +  0.232R. 

From  Table  II  the  values  of,  R,  are  obtained  and 
substituted  in  the  equation,  and  the  values  for,  o,  are 
calculated  for  the  equivalent  plant. 

We  now  have  all  the  data  for  the  gross  revenue  and 
operating  expenses  of  the  equivalent  plant. 

If  the  present  plant  is  to  be  purchased,  we  will  as- 
sume, afterwards  to  be  verified,  that  the  price  will  be 


TABLE    II.— CALCULATION    OF 

, Given    Data , 

Present  Plant. 
Capital 

invested                                             Interest 
to  buy          Gross      Operating         on               Net 
old  plant,     revenue,     expenses,      capital.       return. 
Jan.    1.    1917 $276,740         

Dec^  ^31  ,"1917:  .■.■::.■:.■.'.' :  mjlo  $29,4b0  $'s.50d  $i3,837  $'7,063 

Dec     31     1918 276,740  30,500  S,700  13,837  7,963 

Dec     31     1919 276,740  31,700  9,000  13,837  8,863 

Dec     31     1920 276,740  32,700  9,300  13,837  9.563 

Dec     31     1921 276  740  33,900  9.500  13,837  10,563 

Dec     31     1922    276  740  35,100  9,800  13,837  11.463 

Dec.    3i;    1923 276,740  36,100  10,100  13,837  12,163 

"Going  value"  =  $41,479.    Valuation  of  plant  =  $235,265  -|-  $41,479  =  $276, 


•GOING   VALUE." 


-Calculated   Data- 


Capital 
invested 
in  plant. 

$235,265 


Equivalent  Plant. 
Capital 
added  to 

make  up      Gross      Operating 
deficits,     revenue,     expenses. 


$12,94.-. 

13,733 

8,400 

3,990 

1.S20 

591 

'44. 


$10,800 
19,800 
27,000 
31.400 
34,300 
36,100 


$  4,160 
6,240 
7.910 
8,940 
9,620 
10,100 


12,410 
13,097 
13,517 
13,717 
13.808 
13.837 


9.563 
10,563 
11,463 
12,163 
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$276,740,  but  if  a  new  plant  were  built,  which  would  the  "going  value,"  and  the  steps  are  clearly  shown 

require  approximately  a  year  for  its  construction,  the  in  the  table. 

cost  would  be  $235,265,   and  the  difference   between  The  ne.xt  important  case  is  where  the  city  neither 

the  two  is  the  "going  value."   Assuming,  first,  that  the  has  the  right  to  condemn,  grant  a  new  franchise,  nor 

old  plant  would  be  purchased,  the  gross  revenue  and  build  its  own  works,  so  long  as  the  water  company 

operating  expenses,  from  the  diagram,  are  found  to  be  furnishes  good  water  and  service,  and  the  rates  are 

as  shown  at  the  left  side  of  Table  II  and  the  interest  established  for  a  long  and  indefinite  term  of  years, 

on  the  purchase  price  per  year  at  5  per  cent  will  be  The  city  or  some  outsider  desires  to  acquire  the  plant; 

$13,837,  so  with  these  data  we  obtain  the  annual  net  what  should  be  the  process  of  valuation?     Evidently 

return   over   interest   charges.     With   the   equivalent  an  entirely  different  principle  applies,  for  the  water 

plant  we  assume  that  $235,265  for  construction  is  bor-  company  cannot  be  forced  to  sell,  cease  operation,  or 

rowed  uniformly  during  the  first  year,  and  therefore  relinquish  any  of  its  business.    An  appraiser  is  called 

the  interest  during  the  year  will  be  5  per  cent  on  the  in  to  make  a  valuation.    After  considering  all  the  cir- 

total  amount  for  six  months.    Now  let  us  assume  that  cumstances  of  the  case  he  will  naturally  come  to  the 

we  apply  each  j'ear    to  "capital  added    to    make    up  conclusion    that   this    is    a    case    where   the    "market 

deficit"  a  sufficient  amount  so  that  the  net  i-eturn  over  value"  method  applies.     He  is  not  interested  in  what 

interest  on  amounts  borrowed  at  5  per  cent  will  be  it  will  cost  to  reproduce  the  plant,  but  he  is  interested 

exactly  equivalent  to  the  net  return  over  interest  on  in  what  it  will  cost  to  operate  it,  maintain  it,  and  make 

the  present  plant.    If,  at  the  end  of  6  years,  the  entire  the  necessary  renewals  and  improvements.     He  wants 

difference  between  $276,740  and  $235,265  is  used  up  for  to  know  how  the  revenue  is  varying  from  year  to  year 

this  purpose,  then  we  will  have  made  a  correct  as-  and  what  it  is  likely  to  be  in  the  future.     His  inquiry 

sumption  as  to  the  value  of  the  old  plant,  and  the  dif-  does  not  extend  beyond  30  or  40  years  in  the  future, 

ference  between  that  and  the  cost  of  construction  of  because  he  recognizes  such  remoteness  to  be  in  the 

the  new  plant  will  be  the  "going  value."     The  Table  realms  of  posterity.    He  then  proceeds  to  draw  graphs 

(No.  II)  will  make  this  clear.  of  the  operating  expenses  during  the  past  years  and 

It  will,  of  course,  be  understood  that  several  trial  extend  them  40  years  into  the  future.    To  find  out  how 

calculations  for  the  "going  value"  must  be  made,  and  the  plant  is  likely  to  grow,  he  makes  a  similar  graph 

the  table  worked  out  from  the  existing  data  in  each  of  the  plant  costs.    This  curve  will  also  be  useful  from 

case  until  we  find  a  sum  that  will  be  just  sufficient,  v/hich  to  figure  depreciation.    To  determine  the  main- 

so  that  at  the  end  of  6  years  the  two  plants  will  be  tenance  and  necessary  renewals,  it  will  be  sufficient 

earning  the  same  without  any  exti'action  for  "capital  f.nd  safe  enough  to  make  from  the  beginning  an  annual 

.Tdded  to  make  up  deficit."    In  this  case  the  difference  allowance  of  say  eight-tenths  of  one  per  cent  on  the 

between  the  purchase  price  of  the  old  and  the  cost  of  rotal  plant  cost  up  to  the  end  of  the  previous  year,  for 

construction  of  the  new  plant  is  $41,479,  representing  jf  the  plant  is  earning  more  than  5  per  cent  the  allow- 

■ ■ .lUce  for  depreciation  can  be  invested  in  its  improve- 

TABLE    III.— VALUATION    BASED    OX    •■.MARKET    V.\LUE."  mentS. 

*  l=g1-oss"^  Present  He  now  makes  a  graph  for  past  and  future  gross 

Estimated       revenue  tI°1H,^',  revenue,  and  this  completes  the  data  from  which  to 

cost  of  less  oper-       Net  return        these  net  '  "^  /.  ,  nn  Ar. 

Tear.  plant  at        ating:ex-      on  $204,000,     returns  on  tabulate  the  annual  net  revenues  for  the  ne.xt  30  or  40 

y"eir°.'        'I'plr cent^    pianfco^sV      piaJS'Sost  .vears.    This  is  preferably  divided  into  two  parts,  one 

"Jeprecia-  ^cent*'  °^  which  is  the  portion  that  applies  to  the  plant  as 

1:117 $204,000  $20,730  $20,730  $19,180  existing  at  present.    The  latter  figures  are  determined 

\l\ly 207"300  22'.390  Ikoso  17'.490  ^^  taking  the  earnings  in  proportion  as  the  present 

1920....!!...!!!    2i3!4O0  23!220  22!i90  leisoo  plant  cost  is  to  the  future  total  plant  costs;  that  is, 

Iqjl 225'600  24's80  'I'ioo  I4!i80  earnings  applying  to  present  plant  for  any  year  are  to 

1923!!!!!!!!!!!!    23i;700  25.no  m'.mo  u.m  ^otal  earnings  for  that  vear  as  present  cost  is  to  total 

i92n 243,900  27.370  22.890  11.450  cost  for  that  year.     If  money  in  the  waterworks  busi- 

lll^ Ifg'Jgg  ||-ggg  ||;?^g  ^§;^|g  ness  is  worth  8  per  cent,  he  proceeds  to  reduce  these 

i92s!!!!!!!!!!!!    262:200  29:s60  23,'230  9:220  future  annual  net  revenues  to  present  worth,  and  the 

1929 268,300       30.690       23.330        S.oSO  ...  ,       i   -•    .c       u  •  u  u   i  j  u   i  i   <-  i 

1S30 274,400  31,520  23,430  7.980  sum  Will  be  a  Valuation  from  which  should  be  deducted 

llll"".'". 'le'ioo  33!ilo  'silio  6!s90  the  accumulated  depreciation  up  to  the  present  time.* 

1933!!!!!!!!!!!!    2921700  34!oio  23!700  6!4io  The   reason   whv  the   accumulated   depreciation   up 

1934 298,800  34,840  23,790  5.960  .,  i    i.-    ^  *.    1        j     i       i     i    •      iU    4- 

ri35  304  900  35  670  23,860  5,530  10  the  present  time  must  be  deducted  is  that  we  are 

I93?: ::!!!!!!!!    l\]'Too  WMo  ll'oio  Ijio  starting   with    a    plant   that    has    suflfered    a    certain 

193r! !!!!!!!!!!!    323;200  ssiieo  24;oso  4!43o  rmount  of  depreciation.     If  this  depreciation  be  fig- 

1939 329,300  38,900  24,150  4,110  ,„  iii         •         •  ■     ^  ■  ^        j   i         ■  * 

1940  335  400  39  820  24  220  3  820  lired  from  the  beginning  on  a  suiking-tund  basis,  at  a 

llJl I^i'^oo  ^^(ll°  If-fl^  If^l  fixed  per  cent  on  the  cost,  we  cannot  be  justified  in 

1943!!!!!!!!!!!!     353!700  42!3io  24!420  3!o60  figuring  it  in  the  future  at  the  same  rate  of  per  cent 

19" 365'900  43'970  It's'o  I'lto  unless  we  place  the  accumulated  depreciation  up  to 

i94n!!!. !!!!!!!!     372:000  44:soo  24:570  2:449  the  present  time  in  a  depreciation  fund  to  the  credit 

194' 3(8, lOU  4:>,D.50  24,6Z0  s.^ot)  ^      ,  ,       ,     .  ^i  •        ,        j_ 

194? 384.200  46,460  24,670  2.105  of  the  Water  companv,  or,  what  is  exactly  equivalent. 

]lt^ fo^^ill  tlilo  24'760  I'sio  to  deduct  that  amount  from  the  price  of  the  plant,  but 

'J5i 402:500  48:950  24:sio  1:680  the  future  depreciation  mu.st  be  figured  on  the  plant 

1953 414.700  50,610  24,900  1.440  cost  the  same  as  if  no  deduction  had  been  made. 

I955!!:;::;;::::    tiMOo  52:270  24:990  i:2]n  Table  HI  shows  a  calculation  for  the  market  value 

1^56 433,000  53.100  25.030  -  i-^-"'"  of  the  property  according  to  the  method  just  described. 

$272,980  At  the  present  time  the  historical  cost  of  the  existing 

Less  accrued  depreciafon '    ^S-^""  physical  plant  is  assumed  to  be  $204,399,  or,  in  round 

Required  valuation   $244,830  figures,  $204,000.    The  table  shows  the  gross  earnings 

•It  is  interesting  to  note  that  the  present  worth  of  an  annual  in  the  future,  both  for  the  present,  plant  and  the  neccs- 

net  revenue  for  40  and  30  years  is  about   95  and  90  per  cent  re-  y„,.v  nrlrli+inn<!  in  it  fnv  pQnitnl   strr-nunt 

spectivelv  of  the  same  sum  capitalized  at  8  per  cent.  '^'">    duailions  10  U  lor  capital  dccouni.. 
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Naturally,  the  valuator  will  make  a  critical  exami- 
nation of  the  territory,  of  the  adequacy  and  public  sat- 
isfaction of  the  water  supply  and  service,  have  some 
of  the  pipes  taken  out  to  examine  their  condition,  and 
make  a  careful  inspection  of  the  entire  physical  plant 
and  its  conditions,  and  from  this  inspection  make  such 
modification  of  his  calculated  value  as  his  judgment 
indicates  to  be  advisable. 

While  these  three  are  the  most  important  conditions 
for  which  valuations  are  required — and  it  has  been 
shown  that  each  requires  a  different  viewpoint,  dif- 
ferent economic  principles  of  appraisal,  and  leads  to 
essentially  different  results — there  are  still  other  pur- 
poses of  valuation,  for  which  the  methods  to  be  pur- 
sued are  not  so  obvious. 

Suppose  a  water  company  desires  to  create  a  mort- 
ifage  on  its  entire  property  or  issue  stock  up  to  the 
warrantable  limit  of  its  valuation,  upon  what  principle 
shall  the  valuation  be  derived?  The  usual  case  is 
where  the  water  company  must  go  before  the  public 
service  commission  for  authority  for  such  procedure, 
and  said  commission  wishes  to  establish  such  a  valua- 
tion as  will  protect  alike  the  water  company  and  those 
who  may  invest  in  its  securities.  It  would  seem  that 
for  this  case  the  last  method  would  be  the  logical  one; 
that  is,  find  the  present  worth  of  the  estimated  net 
revenue  for  the  next  30  or  40  years,  and  from  that 
deduct  the  accrued  depreciation  up  to  the  present  time. 

The  next  important  case  is  where  it  is  desired  to  de- 
termine the  valuation  for  the  purposes  of  taxation. 
The  common  procedure  for  appraising  properties  for 
public  taxation  is  to  take  the  findings  of  an  assessor 
elected  for  a  term  of  years. 

The  law  requires  that  the  assessment  shall  be  the  * 
true  market  value  of  each  property.     If  a  property 
holder  thinks  his  property  is  assessed  too  high  or  too 
low,  he  has  the  right  of  appeal  to  the  proper  tribunal. 

The  function  of  the  assessor  is  of  great  importance, 
and  he  should  be  a  man  of  good  experience  and  ability, 
but,  as  the  salary  is  generally  meagre  and  the  method 
of  election  not  such  as  to  insure  appointment  of  the 
best  man  for  the  place,  the  assessed  values  are  often 
notoriously  unjust.  If  the  assessor  happens  to  be 
honest  and  of  good  judgment,  he  endeavors  to  deter- 
mine what  each  property  would  bring  in  the  market 
if  it  were  put  up  for  public  sale  with  reasonab'e  pub- 
licity, and  that  is  the  figure  he  uses  for  his  assessment. 
The  case  is  not  so  difficult  as  it  seems,  because  there 
are  in  his  district  hundreds  of  properties  of  nearly 
the  same  kind  and  many  records  of  private  and  public 
sales.  But  for  the  case  of  a  public  utility,  such  as  a 
water  works,  there  is  only  one  property  like  it,  and 
there  is  usually  no  means  of  knowing  what  it  would 
bring  as  a  whole  if  put  up  at  public  sale.  In  some 
cases  there  may  be  records  of  sales  of  blocks  of  stocks 
cr  bonds,  but  even  these  are  rarely  sufficient  to  war- 
rant a  reliable  conclusion  as  to  the  market  value  of 
the  entire  property,  and  therefore,  in  most  cases,  the 
only  way  to  arrive  at  its  market  value  is  to  determine 
the  elements  upon  which  market  value  must  depend. 
Hence  we  are  led  by  reason  to  the  use  of  the  third 
method  of  valuation. 

In  the  court  and  commission  rulings  it  is  plain  that 
they  recognize  various  aspects  of  valuation,  but  ap- 
parently wish  to  establish  such  a  valuation  as  will 
apply  in  all  cases.  So  when  the  term  "fair  value"  was 
■-■ead  into  one  of  the  most  classic  of  these  cases  the 
court  evidently  considered  the  matter  settled  for  all 
time.  But  "fair  value"  changes  every  time  the  condi- 
t'on  or  purpose  changes,  and  what  applies  in  one  case 
will  not  apply  in  another.     So  there  is  no  logical  jus- 


tification in  working  out  the  valuation  according  to 
three  fundamentally  different  principles,  and  taking 
some  function  of  the  three  fof  the  desired  result, 
although  that  is  apparently  what  the  tribunal  means 
when  it  substantially  says:  "Neither  the  cost  of  repro- 
duction, the  historical  cost,  nor  the  capitalized  value  of 
the  net  revenue  can  be  taken  as  representing  the  de- 
sired valuation,  but  each  has  a  material  bearing  and 
must  be  considered." 


Subsidence   of   Muck   and   Peat 
Lands  Subsequent  to  Drainage 

It  has  long  been  a  matter  of  common  knowledge  that 
swamp  lands,  which  have  soils  containing  a  large  per- 
centage of  vegetable  matter,  subside  when  drained  and 
lultivated.  In  small  districts  drained  by  pumps  this 
subsidence  may  not  be  a  very  important  feature  but 
in  large  gravity  drainage  districts  with  deep  muck 
or  peat,  where  slopes  are  slight  and  the  available  fall 
is  small,  subsidence  may  be  of''sufficient  magnitude  to 
make  necessary  a  change  iji  design.  Valuable  data  on 
this  question  are  contained  in  a  paper*  presented  by 
Charles  W.  Okey,  presented  Nov.  7  before  the  Ameri- 
can Society  of  Civil  Engineers,  from  which  the  notes 
following  are  taken. 

In  the  Fenland  of  England  muck  and  peat  lands 
have  been  drained  and  cultivated  for  a  long  period, 
with  a  consequent  change  in  surface  elevation.  This 
change  has  been  of  such  magnitude  that  it  has  made 
necessary  the  altering  of  a  majority  of  the  pumping 
plants  that  formerly  gave  adequate  drainage  to  the 
lands  they  served. 

In  the  Memoirs  of  the  Geological  Survey  of  England 
and  Wales  for  1877  there  appears  a  volume  written  by 
S.  B.  .1.  Skertchly  on  the  "Geology  of  the  Fenland." 
Mr.  Skertchly  mentions  the  general  sinking  of  the  sur- 
face on  all  the  cultivated  and  drained  Fens,  where 
there  ismuck  or  peat  on  the  surface,  and  gives  definite 
figures  for  several  locations.  In  1848,  an  iron  column, 
graduated  in  feet  and  inches,  was  sunk  down  through 
the  peat,  in  the  Middle  Level  of  the  Great  Bedford 
Level  in  the  vicinity  of  Whittlesea  Mere,  into  the  solid 
clay,  so  that  the  top  of  the  column  was  level  with  the 
surface.  This  column  bears  on  the  capital  the  inscrip- 
tion, "Level  of  the  Ground  in  1848."  When  Mr. 
Skertchly  measured  the  subsidence  of  the  surface  on 
Aug.  25th,  1870.  he  found  it  to  be  7  ft.  8  in.  The 
subsidence  was  measured  again  in  1875  and  found  to 
be  7  ft.  9  in. 

Richard  F.  Grantham  states  that  in  1876  after  erect- 
ing new  engines  and  pumps,  made  necessary  by  the 
subsidence  of  the  land,  the  total  subsidence  was  then 
observed  to  be  8  ft.  This  was  evidently  after  the  new 
pumping  plant  had  been  put  in,  hence  the  drop  of  3  in. 


■-The  Subsidence  of  Muck  ; 
and  Florida.  Cliarles  W.  ok> 
Civil    Engineers.    Vol.    XLIII, 


nd  Peat  Soils  in  Southern  Louisiana 
y.  Proceedings  American  Society  of 
No.    7.    pp.    1499-1522. 
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in  a  year,  due  to  the  lowering  of  the  water-table.  In 
1913  the  total  subsidence  was  observed  by  Mr. 
Grantham  to  be  10  ft.  The  peat  at  this  point  was 
originally  18  ft.  thick. 

Mr.  Skertchly  in  his  "Geology  of  the  Fenland"  also 
gives  a  table  of  the  subsidence  at  this  and  other  lo- 
calities.   This  table  is  reproduced  as  Table  1. 

In  commenting  on  Table  I,  Mr.  Skertchly  states: 

The  mean  annual  peieentage  of  compression  from  the  above 
data  is  2.2,  which  under  similar  circumstances  may  be  taken  as 
the  rate  for  a  lorig  series  of  years.  By  "similar  circumstances" 
is  meant  low-lying  peat  in  which  very  little  fall  can  be  obtained 
for  th^  drains,  for  it  is  clear  that  if  drains  could  be  cut  deep 
into  or  through  the  peat  the  compression  would  be  more  rapid. 

Swamp  soils  which  are  largely  of  vegetable  origin 
are  classed  as  cumulose  by  the  United  States  Bureau 
of  Soils,  with  the  subdivisions  of  peat,  peaty  muck, 
and  muck.  Peat  is  composed  almost  entirely  of  partly 
decomposed  vegetable  matter;  muck  has  a  consider- 
able percentage  of  silt,  clay  and  sand  mixed  with  well- 
decayed  and  finely-divided  vegetable  matter.  The  dif- 
ferent types  merge  into  each  other.  Although  it  is  not 
certain  that  all  the  soils  considered  in  this  paper 
would  be  properly  classed  as  muck  soils,  the  term  will 
be  used,  because  it  will  probably  fit  most  of  the  cases 
and  because  it  is  in  common  usage  in  southern  Louisi- 
ana and  Florida. 

The  subsidence  of  such  soils  is  due  to  three  main 
causes:  drying,  decay,  and  cultivation.  Shrinkage 
and  the  consequent  subsidence,  due  to  drying,  affects 
most  of  the  top  layer,  but  it  extends  in  a  decreasing 
rate  as  deep  as  the  soil  is  drained.  Tests  have  shown 
that  undrained  Louisiana  muck  shrinks  about  60  per 
cent  in  volume  when  completely  dry,  and  that  it  will 
regain  only  70  per  cent  of  its  original  volume  when 
saturated  for  a  long  time.  Therefore,  long-continued 
dry  weather  and  deep  drainage  cause  a  shrinkage  in 
the  deeper  layers  of  muck  which  is  not  counterbal- 
anced by  an  increase  in  volume  due  to  subsequent  pre- 
cipitation, or  rising  of  the  water-table.  Only  such 
part  of  the  muck  as  is  always  saturated  is  entirely  free 
from  shrinkage  due  to  drying. 

The  vegetable  material  in  muck  soils  exists  in  a 
state  of  partial  decay.  In  the  undrained  state  it  is 
saturated  with  water  to  such  an  extent  that  the  proc- 
ess of  decay  is  relatively  slow.  After  drainage  the  air 
enters  and  decay  is  much  more  rapid.  The  warm, 
humid  climate  of  southern  Louisiana  and  Florida  is 
very  favorable  to  the  rapid  decay  of  vegetable  ma- 
terial, much  more  so  than  in  places  where  the  surface 
is  frozen  for  a  part  of  the  year.  Like  the  effect  of 
drying,  that  of  decay  is  greatest  in  the  top  layer  of 
material;  but  examination  has  shown  that,  after  some 
years  of  drainage,  the  character  of  the  muck  at  a 
depth  of  2  ft.  had  been  materially  changed  from  its 
condition  prior  to  drainage.  Although  the  effect  of 
decay  is  not  as  rapid  in  action  as  that  due  to  drying, 
it  is  practically  continuous.  The  complete  decay  of 
the  vegetable  material  causes  some  loss  of  weight  and 
a  considerable  loss  in  volume,  thus  gradually  reducing 
the  surface  elevation  of  the  muck. 

As  the  effect  of  both  the  foregoing  agencies  is 
greatest  in  the  top  layer  of  the  muck,  the  density  of 
this  top  layer  is  gradually  increased.  After  this  com- 
paratively dense  material  attains  a  thickness  of  a  few 
inches,  it  prevents  free  circulation  of  the  air  into  the 
muck  below,  and  then  drying  and  decay  are  much  slow- 
er in  their  action.  Muck  soils  which  are  so  soft  after 
drainage  that  they  will  not  permit  of  the  use  of  farm 
animals  and  machinery  are  compacted  from  4  to  6  in. 
by  the  first  plowing.  This  first  plowing  is  usually  done 
with  some  form  of  tractor,  with  broad  wheels  which 


cover  practically  all  the  surface  plowed.  Subsequently, 
when  the  muck  is  cultivated  with  farm  animals  and 
machinery,  the  surface  receives  unit  pressures  far 
greater  than  those  exerted  by  the  broad-wheeled 
tractor,  and  a  further  compacting  results.  The  under- 
lying material,  which  is  turned  to  the  surface  by  plow- 
ing, is  exposed  to  a  greater  drying  action  than  would 
otherwise  result.  Decay,  also,  is  hastened  in  the  ma- 
terial thus  brought  to  the  surface.  It  is  the  experience 
in  cultivating  newly-reclaimed  muck  soils  that,  for  a 
number  of  years  after  the  first  cultivation,  a  uniform 
depth  of  plowing  will  bring  to  the  surface  each  year 
a  considerable  layer  of  muck  which  was  undisturbed 
by  the  previous  year's  plowing.  This  layer  of  new 
material  gradually  decreases  in  thickness,  as  the  thick- 
ness of  the  layer  of  plowed  material  gradually  in- 
creases. Finally,  the  cultivated  layer  attains  such  a 
density  that  the  combined  forces  of  drying,  decay,  and 
compacting  reduce  its  thickness  very  little.  If  the 
land  is  not  plowed  deeper  than  this  layer,  the  sub- 
sidence of  the  remaining  muck  is  vei-y  slow;  but,  if 
the  land  is  plowed  deep  enough  to  reach  undisturbed 
muck,  further  subsidence  results. 

It  is  clearly  evident  that  in  planning  drainage  im- 
provements for  areas  of  deep  muck  land,  some  pro- 
vision should  be  made  for  the  gradual  but  certain  de- 
crease in  elevation  of  the  surface.  In  relatively  small 
districts,  where  drainage  is  secured  by  pumps,  this 
decrease  can  be  met  easily  by  lengthening  the  suction 
pipes  on  the  pumps.  As  the  drainage  channels  in 
;;uch  soft  soils  require  considerable  maintenance  in 
the  earlier  years  of  drainage,  they  can  be  deepened 
accordingly.  Where  the  land  is  drained  by  gravity, 
Ihe  elevation  of  the  water  at  the  outlet  is  usually  fixed, 
and  a  change  in  elevation  of  the  land  to  be  drained 
will  mean  a  revision  of  the  hydraulic  gradient  in  the 
main  drainage  channels,  with  the  consequent  change 
in  width  and  depth  of  the  channels. 


Maximum  Prices  on  Sheets,  Etc. — The  President  has 
approved  an  agreement  made  by  the  War  Industries 
Board  with  the  principal  steel  industries  of  the  United 
States  fixing  maximum  prices,  subject  to  revision  Jan. 
1,  1918,  on  certain  steel  articles,  as  follows: 

Sheets  (per  100  lb.,  f.  o.  b.  Pittsburgh) ; 

No.  28  black    sheets    ; $  5.00 

Xo.  10  blue    annealed    sheets 4.25 

No.  28  galvanized   sheets    6.25 

The  above  prices  to  apply  to  both  Bessemer  and  open-hearth 
!;i-ades. 
Pipe; 

On   "i-in.   to  3-in.   black  steel  pipe,   discount  52  and  5  and 
-",4  per  cent.  f.  o.  b.  Pittsburgh. 
Cold-rolled  steel: 

IT    per   cent    discount   from    March    15,    19ir,,    list,    f.    o.    b. 
Pittsburgh. 
Scrap   (f.  o.  b.   consuming  point) : 

No.  1  heavy  melting,  per  gross  ton 30.00 

Cast-iron    borinss   and    machine-shop    turnings,    per   gross 

ton   20.00 

No.  1  railroad,  wrought,  per  gross  ton 35.00 

Wire : 

Plain   wire    (per  100   lb.,   f.    o.   b.    Pittsburgh) 3.25 

Tin  plate: 

Coke  base.  Bessemer  and  open  hearth   (per  100-lb.  box,   f. 

o.     b.     Pittsburgh) 7.?:, 

In  connection  with  the  above,  the  iron  and  steel  manu- 
facturers have  agreed  promptly  to  adjust  the  maxi- 
mum prices  of  all  iron  and  steel  products  other  than 
those  on  which  prices  have  been  agreed  upon  to  the 
same  general  standard  as  those  which  have  been  an- 
nounced. It  is  expected  that  this  will  be  done  prompt- 
ly and  consistentl.v  in  line  with  the  basic,  intermediate 
and  finished  products  for  which  definite  maximum 
prices  have  been  established. 
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Plans  and  specifications  are  underway  for  exten- 
sions to  the  Cedar  River  Water  System  of  Seattle, 
Wash.  The  improvement  will  involve  an  expenditure 
of  nearly  $4,000,000. 
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State  Control  Over  the  Operation 
of  Sewage  Treatment  Works 

The  1917  report  of  the  Committee  on  Sewage 
Works  Operation  and  Analytical  Methods,  submitted 
Oct.  18  at  the  annual  meeting  of  the  American  Pub- 
lie  Health  Association,  deals  entirely  with  the  subject 
of  state  control  over  the  operation  of  sewage  treat- 
ment works.     Extracts  from  the  report  follow: 

The  degree  of  control  to  be  exercised  by  the  State 
over  the  operation  of  sewage  treatment  works  de- 
pends, of  necessity,  upon  many  conditions ;  generally, 
the  degree  of  such  control  should  vary  inversely  with 
the  quality  of  maintenance  provided  by  the  munici- 
pality or  other  owner  of  the  works  and  directly  with 
the  possible  danger  caused  by  falling  off  of  efficiency 
in  operation. 

It  is  not  a  proper  function  of  the  State,  excepting 
in  cases  of  emergency,  to  do  more  than  keep  watch 
over  the  local  authorities  or  to  prod  them  to  greater 
efforts.  The  ideal  condition  would  be  for  each  mu- 
nicipality or  owner  to  so  operate  its  sewage  treat- 
ment works  through  its  own  agents — either  trained 
employes  constantly  on  the  payroll  or  special  con- 
sultants regularly  engaged — that  the  work  of  the 
State  would  be  resolved  simply  into  the  study  and 
checking  of  the  results  accomplished  by  the  works, 
but  this  ideal  condition  has  not  yet  been  obtained  ex- 
cept in  isolated  instances. 

The  varying  degrees  of  State  control  over  opera- 
tion of  sewage  works  may  be  classified  as  follows: 

1.  No  control  at  all. 

2.  Inspection  on  complaint,  followed  with  general 
advice. 

3.  Routine  inspection  and  advice  wherever  deemed 
advisable  and  necessary  by  the  State  Department. 

4.  Routine  inspection  as  in  No.  3  and  also  general 
supervision  and  control  of  operation. 

5.  Extension  of  duties  outlined  in  Nos.  3  and  4  and 
authority  to  require  the  proper  operation  with  ade- 
quate police  powers  to  enforce  the  proper  operation 
on  the  part  of  the  municipality  or  owner  and  author- 
ity to  require  the  maintenance  of  regular  routine 
tests  and  records. 

6.  Actual  operation  of  sewage  treatment  plants. 
Considering  these   six   classes  of  State   control   in 

connection  with  the  1916  report  of  the  committee: 

1.  A  condition  of  "no  control"  by  the  State  of  the 
pollution  or  contamination  of  its  natural  water  re- 
sources by  sewage  is  unworthy  of  further  discussion. 
It  was  shown,  however,  in  last  year's  report  of  the 
committee  that  24  States,  with  a  population  in  1910 
of  over  24,000,000  people  or  26  per  cent  of  the  total 
population  of  the  United  States,  had  no  engineer  on 
the  staff  of  their  Boards  of  Health  or  specific  legisla- 
tion over  the  disposal  of  sewage. 

2.  State  control  consisting  in  "inspection  on  com- 
plaint followed  with  general  advice"  is  manifestly 
better  than  "no  control  at  all."  The  principal  danger 
in  these  cases  is  that,  when  improper  or  lax  mainte- 
nance of  sewage  treatment  works  has  progressed  to 
such  an  extent  that  conditions  arise  which  are  made 
the  subject  of  complaint  by  lay  and  nontechnical  citi- 
zens, the  trouble  will  be  more  difficult  and  expensive 
to  remedy  than  had  improper  operation  been  discov- 
ered in  its  incipiency  through  regular  inspection  by 
a  trained  expert. 

Such  improper  operation  also  may  have  resulted  in 
the  gross  pollution  of  the  source  of  water  supply  with 
resulting  danger  to  the  public  health. 


These  conditions  presumably  could  arise  in  the  sec- 
ond group  of  States,  cited  in  the  1916  report,  in  which 
the  Boards  of  Health  have  an  engineer  or  other  officer 
charged  with  supervision  over  the  disposal  of  sew- 
age but  whose  legal  powers  are  limited.  There  were 
nine  such  States  having  a  population  of  less  than  13,- 
000,000  or  14  per  cent  of  the  total  population  in  the 
United  States. 

3,  4  and  5.  The  powers  expressed  under  these  classi- 
fications are  exercised  to  a  more  or  less  extent  by  the 
15  States  cited  in  last  year's  report.  The  population 
in  these  States  in  1910  aggregated  about  54,000,000  or 
60  per  cent  of  the  whole  population  of  the  United 
States. 

These  three  classifications  vary  progressively  in  de- 
gree of  authority  according  to  existing  legislation 
and  available  funds. 

The  degrees  of  control  set  forth  in  Class  5  of: 

Routine  inspection,  advice  when  deemed  necessary, 
general  supervision,  adequate  police  powers  to  en- 
force proper  operation,  authority  to  require  regular 
tests  and  i-ecords,  in  the  opinion  of  the  committee  are 
most  desirable  and  correspond  to  the  recommenda- 
tions of  the  report  of  last  year. 

6.  The  actual  operation  of  sewage  treatment  works 
by  the  State  Board  of  Health  is  not  recommended.  The 
proper  operation  of  such  works  is  as  much  the  finan- 
cial and  physical  responsibility  of  each  municipality 
as  control  over  its  police  or  fire  forces. 

The  desideratum  in  operation  of  sewage  treatment 
works  under  State  control  may  well  be  likened  to  the 
conditions  existing  in  our  national  banks.  The  ex- 
aminer checks  the  accounts  and  methods  of  business 
and,  when  found  to  be  in  accordance  with  law  and 
the  safety  of  the  public,  does  not  interfere;  but  if  the 
bank  is  in  an  unsound  condition  the  central  govern- 
ing power  steps  in  and  requires  changes  to  safeguard 
the  public,  and,  if  the  emergency  is  extreme,  actually 
assumes  temporary  control. 

In  all  the  prior  reports  of  the  committee,  it  has 
been  urged  that  owners  or  sewage  works  should  em- 
ploy competent  and  trained  employes  for  operation, 
and  the  engagement  of  experts  has  been  advised.  For 
example,  in  the  1914  report  it  was  stated: 

.  .  .  Successful  results  are  not  always  obtained  unless  the 
flesigning  engineer  or  some  competent  person  is  called  in  at  reg- 
ular times  to  inspect  and  advise  concerning  the  technical  details 
01"  operation.  .  .  ,  For  the  larger  institutional  plants  and 
works  for  small  towns  more  skilled  attendants  are  required  and 
the  need  for  con.petent  supervision  is  more   urgent. 

Again  in  the  1915  report  it  was  stated: 

Municipalities  frequently  employ  expert  engineers  to  study 
local  conditions  and  to  design  sewage  treatment  works,  but  when 
such  works  are  put  in  service  their  operation  is  intrusted  to  an 
untrained  employee.  .  .  .  This  is  a  poor  business  policy:  a 
municipality  or  private  owner  would  not  attempt  to  operate  a 
Iiower  plant  or  other  installation  involving  complicated  machinerj- 
without  the  service  of  trained  engineers  because  they  know  it 
would  not  be  economical  to  do  so. 

And  again  in  the  1916  report  the  same  expression 
of  need  for  employment  of  expert  services  was  set 
forth,  as  follows: 

It  is  particularly  important  that  early  operation  .  .  .  should 
be  intrusted  to  either  the  designer  or  some  engineer  familiar 
with   the  intricacies  of  operation. 

But  owners  and  municipalities  are  not  always  aware 
of  these  facts;  they  fail  to  recognize  the  need  for 
expert  advice  and  trained  operators;  therefore  inef- 
ficient operation  and  in  some  cases  nearly  no  opera- 
tion result,  hence  the  need  for  central  control  and  au- 
thority. 
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Removal  of  Manganese   from 
Water  Supplies 

In  a  thesis  presented  in  partial  fulfillment  of  the 
requirements  for  the  degree  of  Doctor  of  Philosophy 
at  the  University  of  Illinois,  Mr.  H.  P.  Corson,  of  the 
Illinois  Water  Survey,  outlines  in  a  very  interesting 
manner  the  methods  developed  for  the  removal  of  man- 
ganese from  water  supplies.  In  his  thesis,  which  is 
printed  in  abstract  below,  he  also  describes  two  man- 
ganese removal  plants  now  in  operation  in  Illinois. 

Three  practical  methods  for  the  removal  of  man- 
ganese from  water  have  been  developed — aeration  and 
filtration  through  sand,  filtration  through  permutit, 
and  filtration  through  pyrolusite.  The  problem  of  re- 
moving manganese  has  been  attacked  by  most  work- 
ers in  a  manner  similar  to  that  of  removing  iron.  The 
usual  method  for  the  removal  of  iron  from  water  is  by 
aeration  followed  by  filtration  through  sand,  and  it  is 
generally  and  successfully  used  in  many  plants  in  the 
United  States  and  Europe.  Iron  occurs  in  most  ground 
waters  in  the  ferrous  condition.  When  the  water  is 
aerated  the  iron  is  oxidized  to  the  ferric  condition  and 
separates  as  the  hydroxide.  This  combination  of  oxi- 
dation, hydrolysis,  and  precipitation  is  the  basic  prin- 
ciple of  the  method  though  the  presence  of  other  sub- 
stances somewhat  affects  the  results.  The  occurrence 
of  manganese  with  iron  in  many  waters  and  its  sep- 
t'.ration  as  the  hydrated  dioxide  under  certain  condi- 
tions have  led  to  the  assumption  that  the  element  in 
water  has  chemical  pi'operties  practically  similar  to 
those  of  iron. 

Extensive  experiments  on  removal  of  manganese 
by  this  method  have  been  conducted  by  Thiesing,  who 
worked  with  a  water  at  Pomerensdorf,  Germany.  He 
has  concluded  that  manganese  occurring  in  water  as 
the  bicarbonate  can  be  successfully  removed  by  aera- 
tion and  filtration.  Trickling  through  beds  of  coke 
or  spraying  through  nozzles  were  used  as  methods  of 
aeration.  The  removal  of  carbon  dioxide  as  well  as 
solution  of  oxygen  was  found  to  be  important  in  the 
process  of  aeration.  Subsequent  filtration  through 
sand  gave  an  effluent  containing  very  little  manganese; 
sedimentation  effected  little  removal. 

In  this  country  extensive  experiments  along  simi- 
lar lines  have  been  conducted  by  R.  S.  Weston  with 
several  waters  containing  iron  and  manganese  in 
Massachusetts.  Mr.  Weston's  problems  have  dealt 
chiefly  with  the  removal  of  iron.  A  well  water  con- 
taining 0.73  part  per  1,000,000  of  iron  and  0.23  part 
per  1,000,000  of  manganese  was  treated  at  Cohasset 
by  being  sprayed  through  nozzles  followed  by  pass- 
age through  a  coke  trickling  filter  and  mechanical 
filters.  Satisfactory  results  were  obtained  in  the  ex- 
periments and  arrangements  have  been  made  for  con- 
struction of  a  large  plant.  In  experiments  at  Brook- 
line  sprinkling  through  nozzles  followed  by  passage 
through  a  coke  trickling  filter  and  slow  sand  filters 
decreased  the  content  of  iron  from  0.6  to  0.2  part  per 
1,000,000.  The  content  of  manganese  of  the  untreated 
water  was  0.26  part  per  1,000,000.  Though  Weston  pub- 
lished no  figures  concerning  the  efficiency  of  the  re- 
moval of  manganese  he  stated  that  he  found  it  roughly 
proportional  to  that  of  the  removal  of  iron.  A  plant 
for  removal  of  iron  and  manganese,  which  has  been 
installed  at  Middleboro,  treats  335,000  gal.  a  day  of 
water.  The  water,  after  it  has  been  sprayed  over  a 
coke  trickling  filter  10  ft.  deep,  flows  into  a  settling 
basin  and  through  slow  sand  filters  operating  at  a 
rate  of  10,000,000  gal.  per  acre  per  day.     The  content 


of  iron  was  decreased  from  1.5  to  0.2  part  per  1,000,- 
000  and  the  content  of  manganese  from  0.67  to  0.27 
part  per  1,000.000  during  the  first  run  from  Sept.  26, 
1913,  to  Jan.  12,  1914.  The  efficiency  of  the  removal 
of  manganese  increased  as  the  plant  was  operated 
longer,  and  the  effluent  on  Jan.  22  contained  0.10  part 
per  1,000,000  of  manganese. 

Barbour  performed  a  similar  series  of  experiments 
on  the  well-water  supply  of  Lowell,  Mass.  The  waters 
of  the  wells  differ  in  content  of  manganese,  the  strong- 
est containing  2.0  parts  per  1,000,000.  Aeration,  sedi- 
mentation, and  sand  filtration  were  tried  on  an  ex- 
perimental scale.  The  efficiency  of  the  plant  was  at 
first  rather  erratic,  but  it  finally  became  possible  to 
reduce  the  content  of  manganese  to  0.01  part  per 
1,000,000.  A  dark  coloration,  due  to  precipitated  ox- 
ides of  manganese  was  observed  in  the  sand  bed,  and 
this  extended  in  diminishing  amounts  to  the  bottom 
of  the  bed.  On  the  basis  of  this  study  a  plant  was 
erected  at  a  cost  of  |180,000  for  the  removal  of  man- 
ganese and  iron. 

Practically  all  students  of  removal  of  manganese  by 
aeration  and  filtration  have  concluded  that  manganese 
is  much  more  difficult  to  remove  than  iron.  The  de- 
tails of  the  process,  such  as  the  amount  of  aeration 
and  the  rate  of  filtration,  differ  with  the  character  of 
the   water. 

The  permutit  process  for  removal  of  manganese  has 
come  recently  into  the  field.  Manganese  permutit 
consi.sts  of  a  zeolite  with  which  a  layer  of  manganese 
dioxide  is  incorporated.  When  a  manganese-bearing 
water  is  filtered  through  this  medium  the  manganese 
is  removed  from  the  water  by  the  formation  of  a  lower 
oxide  of  manganese  by  reaction  between  the  man- 
ganese in  the  water  and  the  manganese  dioxide  in  the 
permutit.  At  the  same  tim.e  the  alkali  or  alkaline- 
earth  of  the  silicate  is  replaced  by  the  manganous 
compound  of  the  water.  The  replacement  is  of  minor 
importance,  and  the  slight  extent  to  which  it  takes 
place  is  dependent  on  the  concentration  of  manganese 
in  the  water.  Manganese  is  added  to  the  permutit 
not  only  when  manganese  permutit  is  regenerated  by 
potassium  permanganate,  but  also  when  manganese 
is  removed  from  water  by  the  regenerated  permutit ; 
therefore,  the  content  of  manganese  dioxide  increases 
and  the  filter  medium  approaches  in  composition  pure 
manganese  dioxide  with  each  successive  regeneration 
and  reduction.  As  the  zeolite  can  not  increase  in 
amount  with  successive  reductions  and  regenerations 
the  replacement  effect  must  become  less  and  less  as 
the  substance  is  used.  These  conclusions  are  in  en- 
tire accord  with  that  reached  independently  by  Till- 
mans — that  the  action  of  manganese  permutit  is  really 
the  action  of  manganese  dioxide. 

Some  preliminarj'  experiments  made  by  filtering  an 
aerated  artificially  prepared  manganese-bearing  water 
through  a  small  sand  filter  showed  that  no  removal 
of  manganese  was  affected.  A  mechanical  filtration 
plant  has  been  installed  at  Mount  Vernon,  111.,  how- 
ever, for  the  purpose  of  removing  manganese  as  well 
as  effecting  hygienic  purification  of  a  surface  water, 
and  analyses  of  the  water  some  months  after  installa- 
tion of  the  mechanical  filters  showed  that  manganese 
^vas  being  removed  by  this  plant.  Manganese  is  also 
removed  in  a  filter  plant  at  Anna,  111.,  designed  for 
hygienic  purification  of  a  surface-water  supply.  These 
results  seemed  contradictory  to  the  negative  results 
obtained  on  a  small  scale.  Yet,  as  manganese  dioxide 
had  been  used  successfully  for  removal  of  manga- 
nese and  as  this  compound  is  the  basic  part  of  man- 
ganese   permutit    it   was    concluded    that    manganese 
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Sand      Filters     for      R< 
moval    of    Manganese. 


dioxide  was  the  principal   factor  in  the   removal   of 
manganese  in  successful  sand  filtration. 

Two  filters  were,  therefore,  prepared  for  experi- 
mental use.  The  apparatus  (see  Fig.  1)  consisted  of 
two  gas-washing  cylinders  (A,  A)  connected  at  their 
tops  by  a  siphon  to  a  large  carboy  (B)  holding  the 
water  to  be  treated.  The  rate  of  filtration  could  be 
so  adjusted  by  two  stopcocks  (S,  S)  that  both  filters 
would  deliver  their  effluents  at  the  same  rate.  A 
glass  tube  (C)  extending  to  the  bottom  of  the  carboy 
provided  means  for  admitting  compressed  air  for  aera- 
tion. 

Each  filter  was  filled  with  one  liter  of  clean  high- 
grade  filter  sand,  having  an  effective  size  of  0.50  milli- 
meter and  a  uniformity  coeflfi- 
cient  of  1.32.  One  filter  was 
treated  successively  with  solu- 
tions of  manganous  sulphate, 
sodium  hydroxide,  and  potas- 
sium permanganate.  After  two 
or  three  treatments  a  thin  film 
of  black  oxide  of  manganese 
had  formed  on  the  grains  of 
sand.  The  filter  was  then 
washed  with  water  until  an  ef- 
fluent free  from  manganese  was 
obtained.  The  other  filter  was 
used  without  such  treatment. 
The  apparatus  consisted,  there- 
fore, of  two  filters  working  in 
parallel,  one  containing  sand 
nentai  only,  and  the  other  containing 
sand  which  had  been  slightly 
coated  with  manganese  dioxide. 
As  the  depth  of  sand  in  each  was  35  centimeters,  the 
filtering  area  of  each  was  28  square  centimeters. 

The  removal  of  m.anganese  in  a  manganese-removal 
filter,  depends  on  the  contact  of  the  manganous  com- 
pound with  manganese  dioxide;  consequently,  the  rate 
of  filtration  should  be  expressed  in  terms  of  volume 
of  water  filtered  per  volume  of  filter  medium  and  not 
per 'area  of  filter  surface.  The  rate  varied  slightly 
in  these  experiments,  but  it  was  so  adjusted  that  a 
volume  of  water  equal  to  the  volume  of  the  filter  me- 
dium was  filtered  in  twenty  minutes. 

Filtration  through  sand  removed  iron,  but  did  not 
detectibly  decrease  manganese.  The  content  of  dis- 
solved oxygen  was  decreased  throughout  more  than 
one  part  per  1,000,000  by  passage  through  the  filters, 
even  in  the  experiment  in  which  no  removal  of  man- 
ganese apparently  took  place.  Filtration  through 
sand  coated  with  manganese  dioxide  removed  all 
manganese  and  iron,  decreased  alkalinity  14  parts 
per  1,000,000,  and  decreased  dissolved  oxygen  about 
the  same  extent  to  which  it  was  decreased  in  the 
sand  filter. 

In  order  to  determine  the  effect  of  adding  a  co- 
agulant, 2  grains  per  gallon  of  alum  was  added,  the 
water  was  then  aerated,  and  allowed  to  settle  one 
hour  as  in  the  other  series.  The  results  obtained  in- 
dicate that  little  change  is  caused  by  addition  of  the 
coagulant.  Complete  removal  of  manganese  was  ob- 
tained by  filtration  through  sand  coated  with  man- 
ganese dioxide  but  practically  no  removal  by  filtration 
through  sand  alone. 

The  action  in  presence  of  both  iron  and  manganese 
was  studied  by  treating  water  in  which  10  parts  per 
1,000,000  of  manganese  as  MnS0,4H=0  and  10  parts 
per  1,000,000  of  iron  as  FeS0.-(NH.)=S0,6H  0  had  been 
dissolved.     After  this  water  had  been  aerated  it  had 


a  high  reddish-brown  turbidity  caused  by  precipitated 
ferric  hydroxide.  Treatment  of  this  solution  by  filtra- 
tion through  sand  alone  resulted' in  complete  removal 
of  iron  but  no  removal  of  manganese.  Treatment  of 
it  by  filtration  through  sand  coated  with  manganese 
dioxide,  however,  completely  removed  manganese  and 
iron.  The  alkalinity  was  not  decreased  by  passage 
through  either  filter;  this  is  not  in  accordance  with 
the  theory  as  the  removal  should  have  decreased  the 
alkalinity  by  an  amount  equivalent  to  the  manganese 
removed.  This  apparent  discrepancy  might  be  ac- 
counted for  either  by  the  presence  of  small  amounts 
of  substances  capable  of  neutralizing  free  acid  in  the 
sand,  or  by  oxidation  of  the  manganous  compound  to 
a  marked  degree  in  the  aeration  and  yet  to  a  degree 
insufficient  to  form  an  insoluble  compound. 

Though  no  removal  of  manganese  by  filtration 
through  sand  could  be  detected  by  analysis  the  upper 
part  of  the  sand  became  discolored  by  a  slight  deposit 
•  if  manganese  dioxide  after  the  filter  had  been  used 
for  some  time.  This  shows  that  there  must  have  been 
iome  slight  but  continual  removal  of  manganese  by 
aeration  and  filtration.  This  slight  deposit  would 
rapidly  aid  in  removal  of  more  and  more  manganese 
until  suflicient  manganese  dioxide  would  have  been 
deposited  to  remove  completely  the  manganese  from 
water  filtered  through  it;  the  process  might  be  er- 
roneously considered  to  be  simply  one  of  aeration  and 
filtration  through  sand  when  in  reality  it  is  a  catalysis 
by  manganese  dioxide. 

Manganese-Removal  Plants  in  Illinois. 

Manganese  is  efficiently  removed  from  surface-wa- 
ter supplies  by  filtration  through  sand  coated  with 
manganese  dioxide  at  two  plants  in  Illinois.  One  of 
these  filter  plants  was  installed  for  removal  of  man- 
ganese as  well  as  for  hygienic  purification  of  the 
water,  and  the  other  was  installed  for  hygienic  puri- 
fication only,  the  presence  of  manganese  in  the  water 
rot  being  suspected.  There  was  evidence  of  unsatis- 
factory removal  of  manganese  for  some  time  after  the 
installation  of  these  plants,  but  efficient  removal  re- 
sulted after  a  period  had  elapsed  for  the  deposition 
of  sufficient  manganese  dioxide  in  the  filters.  As  no 
r.imilar  observations  have  been  reported  a  descrip- 
tion of  these  two  plants  with  some  of  the  operating 
results  are  presented. 

Removal  of  Manganese  at  Anna,  111. — The  water 
works  of  Anna  State  Hospital,  in  Southern  Illinois, 
was  put  in  operation  in  January,  1914.  About  half 
the  supply  is  derived  from  a  2,000,000-gal.  impound- 

TABLE    L— MINERAL   ANAI^YSES    OF    THE   WATER    SUPPLr 

or  AXNA  STATE  HOSPITAL,  OCTOBER.  1914. 

(Parts   per   million.) 

Ions —  Wilson  Creek.      Re.ser\-oir. 

Potassium    (K)    5.6  4.7 

Sodium   (Na)    17.8  11.8 

Magnesium    (Mg)     12.6  7.5 

Calcium    (Ca)    78.6  43.9 

Iron    (Fe)    1.0  0.6 

-Manganese    (Mn)    Trace  1.4 

Alumina     (AUOj)      1.2  3.0 

Silica    (SiOo)     18.2  6..^ 

Nitrate   (NO,)    5.3  4.0 

Chloride  (CD   3.0  1.0 

Sulfate    (SOi)     5.2  11.1 

Hypothetical  Combinations — 

Potassium   nitrate   (KNO,) S.6  6.5 

Potassium  chloride   (KCl) 6.3  2.1 

Potassium  sulfate   (K^SO,) 2.4 

Sodium  sulfate  (Na.Sbj) 7.7  14.5 

Sodium    carbonate    (Na.CO,,) 35.2  lO.S 

Magnesium  carbonate   (MgCOa) 43.6  26.0 

Calcium  carbonate   (CaCOs) 196.2  109.8 

Iron  carbonate   (FeCOa) 2,0  1.2 

Manganese    carbonate    (MnCOj) Trace  2.9 

Alumina     (AI.O3) 1.2  3.0 

Silica    (SiO.)    18.2  6.3 

Bases     2.0  0.0 
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ing  reservoir,  on  Kohler  Creek,  which  receives  part  of  100  tests.    The  water  applied  to  the  filters  during  this 

the  water  from  springs.     The  other  half  of  the  sup-  period  had  a  content  of  manganese  of  0.0  to  1.0  part 

ply  used  is  taken  from  Wilson  Creek,  a  near-by  stream,  per  1,000,000;  the  removal  is,  therefore,  very  efficient. 

Mineral  analyses  of  these  two  sources  of  supply  are  The  walls  of  the  concrete  filter  units  were  covered 

given  in  Table  I.  with  a  layer  of  manganese  dioxide,  which  in  appear- 

The  supply  from  Wilson  Creek  contains  practically  ance  resembled  asphaltum  paint, 
no  manganese,  but  that  from  the  reservoir  contains  a  The  sand  was  black,  although  the  incrustation  was 

large  and  variable  amount.     The  content  of  manga-  not  sufficient  greatly  to  increase  the  size  of  the  grains, 

nese  of  water  from  the  reservoir  varies  widely.    Tur-  The  incrustation  was  somewhat  tenacious,  but  some 

bidity,  color,  and  bacterial  content  are  low  compared  of  it  became  detached  when  the  sand  was  stirred  with 

with  those  of  other  surface  waters  of  Illinois.     The  water.    The  results  of  a  soil  analysis  of  the  sand  are 

water  contains  much  dissolved  oxygen  and  very  little  given  in   Table  II.     Microscopic   examination   of  the 

carbon  dioxide.     Determinations  showed  9.8  parts  per  sediment  washed  from  the  sand  grains  as  well  as  of 

1,000,000  of  dissolved  oxygen,  which  is  high,  but  only  the  sediment  from  the  water  used  in  washing  the  fil- 

3  parts  per  1,000,000  of  carbon  dioxide  when  the  tem-  lers  showed  the  presence  of  diatons  and  algae,   but 

perature  of  the  w-ater  was  20°C.    The  water  is  treated  ro  organisms  resembling  Crenothrix  were  found.    The 

by  ordinary  mechanical  filtration.     About  one  grain  material  consisted  chiefly  of  debris,  such  as  sand,  clay, 

per  gallon  of  alum  is  added,  after  which  the  water  and  precipitated  hydroxides  of  manganese,  iron  and 

passes  through   a   sedimentation   basin   affording   re-  rluminum. 

tention  for  4  hours.     Calcium  hypochlorite  is  added  The  presence  of  manganese  dioxide  in  the  incrusta- 

at  the  outlet  of  the  sedimentation  basin  at  the  rate  tion  on  the  filter  sand  is  sufficient  to  account  for  the 

of  0.2  part  per  1,000,000  of  available  chlorine,  after  removal  of  the  manganese  from  the  water.     To  deter- 

which  the  water  passes  to  the  filters.     The  nominal  mine  whether  manganese  dioxide  was  the  only  factor 

rate  of  filtration  is  125,000,000  gal.  per  acre  per  day.  in  the  process,  the  two  experimental  filters,  one  con- 

The  filters  contain  9  in.  of  gravel  and  30  in.  of  sand,  taining   sand   and  the   other   sand   impregnated   with 

which  had,  when  it  was  put  in  place,  an  effective  size  manganese  dioxide,  which  had  been  used  in  the  former 

of  0.55  millimeter  and  a  uniformity  coefficient  of  1.43.  experimental  work  with  artificially  prepared  waters. 

The  presence  of  manganese  in  a  surface  water  con-  were  used  at  Anna  for  filtering  the  raw  water.  The 
taining  so  much  dissolved  oxygen  was  not  suspected  raw  water  contained  9.6  parts  per  1,000,000  of  dis- 
until  complaint  was  received  that  the  filtered  water  solved  oxygen  and  3  parts  per  1,000,000  of  free  car- 
was  cau.«ing  unsightly  stains  on  white  plumbing  fix-  bon  dioxide.  Its  temperature  was  20°C.  Complete 
tures  and  was  staining  fabrics  in  the  laundry  a  pale  removal  of  manganese  was  obtained  when  the  filter 
yellow.  A  content  of  12  parts  per  1,000,000  of  man-  taining  sand  alone  was  used.  This  filter,  however, 
ganese  was  found  in  the  raw  water  July  22,  1914.  Sub-  had  been  used  for  similar  work  previously,  and  a 
sequent  tests  showed  that  the  untreated  water  from  small  amount  of  manganese  dioxide  that  may  have 
the  impounding  reservoir  contained  7.5  parts,  July  been  present  on  the  sand  grains  doubtless  aided  the 
30,  and  only  1.4  parts  Oct.  5.     The  water  of  Wilson  removal. 

Creek  contained  0.05  part  July  30  and  a  trace  Oct.  5.  In  order  to  make  the  test  more  complete  the  raw 

The  effluent  from  the  filters  contained  0.05  part  July  water   was   filtered   through   another   pair   of   filters, 

30  and  0.0  part  Oct.  5.    From  December,  1914,  to  May  one   containing   some   unused    sand    like    that    with 

1915,  determinations  of  manganese  were  made  regu-  'vhich  the   larger  filters  at  Anna  are  filled  and  the 

larly  in  the  laboratory  of  the  water  works.     Manga-  other  containing  sand  from  the  filters  which  had  been 

nese  was  detected  in  the  filtered  water  in  only  7  of  used  nearly  a  year.     The  latter  sand  was  coal  black 

due  to  the  coating  of  manganese  dioxide  which  had 

TABLE  II.— ANALYSIS  OF  FILTER  SAND.  ANNA  STATE  formed  ou  the  grains.     Complete  removal  of  manga- 

HOSPiTAL.  nese  was  obtained  with  the  used  sand,  and  practically 

lo1uWe'!n'Sy5?ochTorlf  acid"  ! !  i !  i !  l !  l ! !  i ! ! ! !  l !  1 1  i ! '. ! ! !  l ! ! !    ^lI  i^c  removal  was  obtained  with  the  unused  sand. 

Loss  on  ignition  91  The  city  of  Dresden,  Germanv,  has  installed  a  man- 

'^¥err°c"oxidT"Fe™oT^''?*^°^'. 16.8  ganese-removal  plant,  in  which  the  water  is  filtered 

Alumina  (AizPs) 26.5  through  a  grovrth  of  manganese-depositing  micro- 
Manganese    dioxide    (MnO.) 12.0  ■  j.5  i.  i.i.  r  i.^  i. 

Loss  on  ignition 54  organisms  that  remove  the  manganese  from  the  water. 

TABLE  iii.-MiNERAL  ANALYSES  OF  THE  WATER  SUPPLY  No  microorgauisms   of  this   Character  were   detected 

OF  MOUNT  VERjiON.  by  microscopic  examination  of  the  filter  sand  and  the 

(Parts  per  million.)  Sediment  in  the  wash  water  from  the  plant  at  Anna. 

^°Potessium  (K)    Casey  Fork.        Reservoir.  jjj    ^^^^^  ^^  ^^^^   ^^^    possibility   of   their    significance 

Sodium  (Na). 9.3  13.1  in  the  removal,  however,  some  of  the  black  sand  which 

Magnesium    (Mg)    10.0  17.6  t_     j    t.  •  j?  i  ii.  j 

Calcium  (Ca)   13.2  23.3  had  been  in  use  for  several  months  and  was  remov- 

Manganese'(Mn')".' .'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.' .'.'.'  Trace  L15  ^^S  the  manganese  was  sterilized  in  the  autoclave.    A 

Alumina  (AI0O3)   2.0  1.0  filter  was  prepared  from  this  sterilized  sand,  and  after 

Silica    (SiOi)    17.4  7.0  m.  1.     j   i_  i.    j  i-i    -i  j  £ 

Nitrate  (NO3)  6.0  2.7  it  had  been  washed  until  it  was  free  from  manganese 

sSiphate  *(so.)'  ■::::;::::::::;:::;;:;:;:    eli  utt  i*  ^as  used  to  filter  a  solution  of  5  parts  per  1,000,000 

Bases    ? '.'.'.'.'...       5^4  3.8  of  manganese  as  MnS0.4H.O  in  distilled  water.   Com- 

"p^i^siim^  mtratl" a^NoX  9.S  4.4  plete  removal  of  manganese  was  obtained  by  filtration 

Potassium  chloride  (Kci) '. o'.s  lo.'s  through  the  sterilized  sand. 

Potassium  sulphate   (K.SO,)    .9  2.2  mi  li.        j?  ii  •  j.  i       •       i 

Sodium  sulphate  (NasSO,)     28  7  40.0  The  results  of  these  experiments  prove  Conclusively 

Cail?um'"^iX'te''(Casoff.°:^.: ::::;::::  ii  Vd  ^^^*  the  deposit  of  manganese  dioxide  on  the  grains 
Calcium  carbonate  (CaCOa). ;.'..!. '!.!.'.'.'  30.5  24;5  of  sand  effects  the  removal  of  manganese.  The  de- 
MiSgSese"cIrboSfe°''(Mnc63)'.'.'.'.'.'.'.'.'  TracI  Ij  posit,  however,  has  been  informed  gradually  by  the 
s/ucS''(Siolt''°''* 17'4  70  ^^°^  deposition  of  manganese  from  the  manganese- 
Bases    ...'..'.'. '.'.'.'.'.'.'.'.'.'.'.'.'.       5.4                  3.8  bearing  water  assisted  by  direct  oxidation  by  the  dis- 

Totai  154 1  931  s  solved  oxygen.     The  large  amount  of  dissolved  oxy- 
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gen  always  present  in  the  raw  water  evidently  oxi- 
dizes the  lower  oxide  of  manganese  to  the  dioxide  at 
the  time  the  manganese  is  removed.  The  process  is, 
therefore,  catalytic  and  no  regenei-ation  is  necessary. 
When  the  filter  is  washed  the  grains  of  sand  are 
stirred  up,  and  the  friction  probably  is  sufficient  to 
scour  off  the  coating  of  manganese  dioxide  sufficiently 
to  prevent  difficulty  in  operation  of  the  plant. 

Removal  of  Manganese  at  Mount  Vernon. — At 
Mount  Vernon,  the  water  supply  is  obtained  chiefly 
from  an  impounding  reservoir  fed  by  springs,  but 
Casey  Fork,  a  branch  of  Big  Muddy  River,  furnishes 
an  auxiliary  supply.  The  mineral  character  of  these 
two  supplie§  is  shown  by  the  analyses  in  Table  3. 
Both  supplies  have  a  high  percentage  of  saturation 
v;ith  dissolved  oxygen.  The  water  is  treated  with 
about  one-half  grain  per  gallon  of  alum.  After  sedi- 
mentation it  is  treated  with  calcium  hypochlorite  at 
the  rate  of  0.2  to  0.3  part  per  1,000,000  of  available 
chlorine.  The  concrete  filters  operate  at  a  rate  of 
125,000,000  gal.  per  acre  per  day.  The  content  of  man- 
ganese in  the  untreated  water  varied  from  0.05  to  0.8 
part  per  1,000,000.  The  content  of  manganese  of  the 
filtered  water  has  ranged  from  0.0  to  0.3  part  per 
1,000,000.  No  manganese  was  found  in  the  filtered 
water  on  35  of  the  65  days  on  which  tests  were  made. 

The  filter  sand  was  coated  with  a  dark  colored  sub- 
stance, which  contained  a  large  amount  of  manganese 
(see  Table  IV).  When  the  sand  was  examined  micro- 
scopically before  being  washed  no  Crenothrix  or  simi- 
lar organisms  were  found.  The  wash  water  contained 
clay,  dirt,  inert  matter,  diatoms,  chlorophyl-bearing 
algae,  debris,  and  similar  material. 

T.\BLE  IV.— ANALYSIS  OF  FILTER  SAND,  MOUNT  VERNON, 

Insoluble    in    hydrochloric    acid m 99.01 

Soluble    in   hydrochloric   acid 99 

Loss  on   ignition AZ 

The  soluble  ixjrtion  consists  of: 

Ferric    oxide    (FeoOs) 4.8 

Alumina   ( A1.0s)    27.7 

Manganese  dioxide   (MnO.) 36.0 

Loss    on    ignition 43 

The  filter  medium  is  similar  to  that  used  at  Anna 
State  Hospital.  As  the  incrustation  of  the  sand  is  not 
so  great  its  content  of  manganese  dioxide  is  somewhat 
smaller.  This  fact  probably  explains  the  somewhat 
lower  efficiency  of  removal  at  Mount  Vernon  compared 
with  that  obtained  at  Anna  State  Hospital.  The  re- 
moval is  effected,  however,  in  exactly  the  same  process 
as  at  the  hospital,  namely,  by  filtration  through  sand 
coated  with  a  layer  of  manganese  dioxide,  which  ef- 
fects the  removal. 


The  government  has  sent  out  to  500  long  leaf  pine 
mills  notice  of  an  embargo  on  all  timbers  over  2  in. 
thick  and  10  in.  wide,  any  length.  All  timbers  over 
these  dimensions  must  be  reserved  for  shipbuilding, 
unless  it  is  shown  that  they  are  needed  for  other  pur- 
poses of  paramount  importance,  when  the  embargo 
will  be  released,  on  application. 


Creosoted  Wood  Stave  Pipe 

Some  interesting  features  of  fhe  cresoting  of  wood 
stave  pipe  are  described  by  Mr.  0.  P.  M.  Goss  in  the 
September,  1917,  Proceedings  of  the  American  Society 
of  Civil  Engineers,  in  his  discussion  of  a  paper  on 
Modern  Practice  in  Wood  Stave  Pipe  Design.  An 
abstract  of  the  discussion  follows: 

Untreated  wood  stave  pipe  has  demonstrated  its 
value  when  used  with  a  thorough  knowledge  of  the 
underlying  principle  controlling  the  efficient  use  of 
wood.  There  is  in  store  for  such  pipe,  however,  a  de- 
velopment which  is  now  making  its  appearance  and 
will  materially  change  present  practice,  and  that  is 
the  creosoting  of  the  staves  under  pressure  as  a  means 
of  eliminating  decay. 

Considerable  effort  has  been  made  by  the  Engineer- 
ing Department  of  the  West  Coast  Lumbermen's  Asso- 
ciation, particularly  during  the  last  3  years,  to  improve 
the  methods  of  creosoting  Douglas  fir  in  its  various 
forms.  One  of  the  forms  already  studied  is  staves. 
In  the  methods  of  treatment  which  have  been  applied 
in  the  past  (the  old  boiling  or  steaming  processes), 
previous  to  the  recent  developments  in  the  art  of  cre- 
osoting Douglas  fir,  there  has  been  considerable  loss 
in  strength  in  compression  perpendicular  to  the  grain, 
due  to  the  creosote  treatment.  This  loss,  of  course, 
was  not  desirable  in  the  case  of  staves,  which  depend 
on  the  strength  of  the  wood  in  side  bearing  to  resist 
the  water  pressure.  There  was  a  loss  in  strength  of 
30  per  cent  or  more  in  the  staves  as  a  result  of  either 
of  these  treatments.  However,  by  the  process  now 
in  use — the  "boiling  under  a  vacuum  method" — which 
greatly  reduces  the  temperature  of  the  oil  during  treat- 
ment, or  simply  treating  under  low  temperatures,  there 
has  been  no  loss  in  the  strength  of  the  staves. 

The  West  Coast  Lumbermen's  Association  recently 
completed  some  strength  tests  on  staves  which  had 
been  creosoted  by  this  mild-temperature  method  of 
treatm.ent.  Twelve  Douglas  fir  staves  were  selected, 
which  were  entirely  free  from  sap  wood,  and  twelve 
other  staves  were  chosen  as  nearly  like  the  first  group 
as  possible,  except  that  they  contained  various  quanti- 
ties of  sap  wood.  All  these  staves  were  6  ft.  long,  and 
were  kiln-dried.  A  section  1  ft.  long  was  cut  off  the 
end  of  each  stave  and  retained  for  a  control  test.  The 
remaining  portions  of  each  of  the  24  staves  were 
treated  in  the  following  manner: 

They  were  warmed  in  creosote  oil  for  4  hours  at 
170°  F.,  and  pressed  from  0  to  approximately  100  lb. 
per  square  inch,  until  they  had  received  about  16  lb. 
of  oil  per  cubic  foot. 

The  oil  was  then  heated  from  170  to  230"  F.  in  3 
hours,  and  held  at  this  latter  temperature  for  1  hour. 
The  staves  were  then  removed. 

The  final  heating  bath  was  for  the  purpose  of  re- 
moving the  surplus  oil  and  cleaning  the  stave. 

After  this  treatment,  the  staves  were  free  from  ex- 
(  ess  of  oil  and  easy  to  handle.    They  were  then  placed 


T..\BLE  I.— BAND  BEARING  TEST  ON  DOUGL.A.S  FIR  STAVES.    NATURAL  AND   CREOSOTED.     STAVES  SOAKED  IN  WATER 

ONE  MONTH   BEFORE   TEST. 

Load,  in  pound.s,  required  to  press  a  section.  3.35  in.  long,  of  bands 

of  various   diameter,   into  the  stave   to   a  bearing 
of  60°  and  90°  of  arc. 

Condition  of   stave.                                              0.193  in.                0.22fi  in.                   0.497  in.  0.625  in.              Average 

diameter.               diameter.                 diameter.  diameter.              for  all 

60°            90°            60°            90°            60=               90°  60»               90°            tests. 
Staves  Containing  Sapwood— 

Natural 166            371            21S            453            507            1,096  608            1,334              594 

Treated    171            414            2.i0            518            620            1,338  756            1,663              716 

Treated,    in    percentage    of    natural 103.1         111.6         114.7         114.4         122.3            122.1  124.4            124.7           120.5 

Staves  AH  Heartwood — 

Natural    196            460            267            574            592            1.291  714            1,572              70S 

Treated   210            531            332            713            752            1,596  S80            1,929              868 

Treated,  in  percentage  of  natural 107.1         115.5         124.4         124.2         127.0            123.6  123.2            122.7           122.6 

(103) 
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in  a  water  tank  with  the  untreated  pieces,  and  all  were 
soaked  for  about  30  days.  Then  both  the  natural  and 
creosoted  staves  were  subjected  to  a  band  pressure 
test.  In  making  this  test,  four  sizes  of  bands  were 
used,  as  shown  in  Table  I.  Each  band  was  3.35  in. 
long,  and  was  "pressed  into  the  stave,  for  the  entire 
length  of  the  band,  in  a  direction  perpendicular  to  the 
grain  of  the  wood,  until  it  was  embedded  over  an  area 
equal  to  60  and  90^  of  the  arc.  The  loads  required  to 
cause  this  depth  of  compression  are  shown  in  Table  I. 
Each  stave,  natural  and  treated,  was  subjected  to  tests 
with  bands  of  each  size.  The  results  show  clearly  that 
creosoted  staves  of  all  heartwood  as  well  as  those  of 
mixed  heartwood  and  sap  wood  have  strength  values 
even  greater  than  those  obtained  from  the  test  of 
natural  wood.  The  results  are  particularly  significant, 
as  the  test  approaches  about  as  closely  as  possible  the 
actual  condition  of  staves  in  a  pipe  line  in  service. 
The  creosoted  staves  uniformly  show  a  slightly  higher 
strength  than  the  untreated  staves  tested  under  the 
same  conditions.  These  results  demonstrate  clearly 
the  fact  that  it  is  possible  to  creosote  Douglas  fir 
staves  and  retain  all  their  original  strength.  They 
also  indicate  clearly  the  practicability  of  permitting 
sap  wood  in  staves  which  are  to  be  creosoted.  In  the 
ftaves  tested,  the  penetration  of  the  creosote  oil  in 
the  sap  wood  was  very  complete  in  every  case. 

Recent  experimental  work  conducted  by  Mr.  Goss 
has  also  shown  the  practicability  of  perforating  the 
cuter  surface  of  Douglas  fir  staves  with  small  holes 
systematically  spaced.  The  resistance  of  the  oil  pass- 
ing into  the  wood  along  the  grain  is  practically  nil 
compared  to  that  found  in  forcing  the  oil  in  across  the 
grain.  The  fine  holes,  through  which  the  depth  of 
penetration  and  the  distribution  of  oil  is  controlled, 
are  so  small  and  spaced  so  regularly  that  they  do  not 
reduce  the  strength  of  the  wood  when  tested  in  com- 
pression perpendicular  to  the  grain.  The  result  of 
these  perforations  is  that  the  depth  of  penetration  an'^ 
the  distribution  of  the  oil  can  be  thoroughly  controlled 
— two  very  important  factors  in  securing  the  greatest 
efficiency  from  creosoted  timber. 

The  final  cost  of  a  creosoted  stave  pipe  line  in  place 
will  be  approximately  20  per  cent  more  than  that  of 
an  untreated  Douglas  fir  line,  and  about  the  same  as 
that  of  an  untreated  redwood  line.  A  number  of  large 
items  remain  constant,  regardless  of  the  cost  of  the 
staves.  The  steel  bands,  the  excavation,  the  back- 
filling, engineering,  overhead,  transportation  and  other 
costs  remain  constant  regardless  of  whether  or  not  the 
staves  are  creosoted. 


The  Chicago,  Milwaukee  &  St.  Paul  R.  R.  has 
awarded  contracts  amounting  to  nearly  $2,000,000  for 
electrical  equipment  for  its  new  electrified  division. 
The  equipment  contracted  for  includes  17  electric 
locomotives  at  an  average  price  of  about  $100,000 
each  and  substation  machinery  for  the  216-mile  Othel- 
lo-Seattle-Tacoma  division.  The  orders  were  divided 
between  the  Westinghouse  Electric  &  Manufacturing 
Co.  and  the  General  Electric  Co. 


Disinfection  of  Sewage  by  Copper 
Salts 

Investigations  are  now  being  conducted  by  the  city 
of  New  Haven,  Conn.,  to  determine  upon  a  method  of 
sewage  disposal  for  the  city.  A  sewage  experiment 
station  (described  elsewhere  in  this  issue)  was  placed 
in  operation  last  spring.  Mr.  F.  W.Mohlman,  formerly 
chemist  and  bacteriologist  of  the  Illinois  Water  Sur- 
vey, was  chemist  and  engineer  in  chai-ge. 

Four-ounce  samples  of  raw  sewage  and  effluents 
are  collected  every  hour  and  combined  into  composites 
for  chemical  analysis.  Samples  are  collected  for 
bacterial  analysis  as  often  as  time  permits.  On  May 
7-8,  24  samples  were  collected,  one  each  hour,  and  a 
complete  analysis  made  of  each  sample  (Table  1). 

These  results  indicate  that  some  trade-waste  con- 
taining large  amounts  of  chlorides  is  discharged  into 

TABLE  I— ANALYSES  OF  SAJIPLES   OF  RAW  SEWAGE  COL- 
LECTED  HOURLY,    .MAY   T-S,    1917. 
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the  sewer  from  7  a.  m.  to  6  p.  m.     The  nitrogen  de- 
terminations show  that  the  sewage  is  very  fresh,  the 

Ammonia  nitrogen 
ratio   being    unusually    low.      The 

Total  organic  N 
presence  of  large  amounts  of  nitrite  and  nitrite  nitro- 
gen also  testifies  to  the  freshness  of  the  sewage.  The 
alkalinity,  oxygen  consumed,  and  suspended  solids 
are  unusually  low.  The  dilute  character  of  the  sew- 
age is  due  largely  to  the  high  consumption  of  water 
in  New  Haven,  amounting  approximately  to  180  gal. 
per  capita  per  day. 

The  most  unusual  features  of  the  analyses  are  the 
large  amounts  of  chlorides  and  total  solids,  and  the 
low  bacterial  content  during  the  daytime.  During  the 
week  of  July  9-16,  samples  collected  at  the  plant  dur- 
ing the  daytime  had  the  following  bacterial  content 
(Table  II). 


TABLE   II— BATERIAL   CONTENT   OF   SEW^AGE.  W^EEK  JULY    9-16. 


Day.  8  a.  m. 

Monday     1.500,000 

Tuesday    1,080.000 

Wednesday     1.670,000 

Thursday     1,100,000 

Friday  1,125,000 

Saturday     

Average     1,295,000 

Sunday     

•Factories  shut  down  at  noon  Saturday. 


atal   count, 
10  a.  ra. 

Agar,    20°  C— 
1  p.  m. 

4  p.  m. 

8  a.  ni. 

— Gas   former 
10  a.  m. 

s,   37=  C. — 
1p.m. 

4  p.  m. 

225.000 

59,000 

16,000 

100,000 

1,000 

1.000 

100 

128.000 

5,000 

7,500 

100,000 

100 

1,000 

100 

81,000 

7,000 

100.000 

100,000 

100 

100 

1.000 

148,000 

1.500 

12,000 

100,000 

10,000 

100 

10 

42,000 

9,000 

9,000 

100.000 

100 

100 

100 

68,500 

7.100 

•800,000 

100 

10 

•100.000 

115,400 

14,700 

159.000 

100.000 

1.900 

385 

17.000 

3,355,000 

2,275.000 

2.535,00n 

100.000 

100.000 

100.000 

(104) 


Xo\eml)er   14.   191/ 


EXGIXEERIX'G     AND     COXTRACTIXG 


403 


The  results  clearly  show  the  presence  of  some  dis- 
infecting substance  in  the  weekday  sewage.  Although 
the  sewage  was  found  to  be  acid  at  times,  the  com- 
posite samples  are  never  acid,  and  it  is  believed  that 
none  of  the  above  samples  for  bacterial  analysis  were 
acid. 

Tne  ignited  residue  from  the  mat  of  suspended  sol- 
ids deposited  in  a  Gooch  crucible  was  usually  of  a  bril- 
liant red  color,  quite  similar  to  the  residue  of  cuprous 
oxide  obtained  in  the  determination  of  reducing 
sugars  with  Fehling's  solution.  Qualitative  tests  of 
the  mat  for  copper  were  positive.  This  led  to  the  con- 
clusion that  the  disinfection  of  the  sewage  is  due  to 
copper  salts. 

The  bactericidal  action  of  the  copper  ion  is  well 
known.  Copper  sulphate  was  first  proposed  as  a  dis- 
infectant for  water  and  sewage  by  B.  Krohnke  in 
1892.  It  was  first  used  in  America  by  Moore  and 
Kellerman  in  1903.  E.xtensive  studies  were  made  by 
Johnson  and  Copeland  in  1904  at  the  Columbus  Test- 
ing Station  on  the  use  of  copper  sulphate  as  a  disin- 
lecant  for  sewage.  They  obtained  the  results  shown 
in  Table  III  by  treating  Columbus  sewage  with  cop- 
per sulphate. 

These  data  indicate  that  5.0  parts  per  1,000,000  of 
copper  in  solution  in  sewage  are  sufficient  to  exert 
a  marked  disinfecting  action.  Quantities  as  low  as 
2.5  parts  per  1,000,000  were  almost  as  effective  as  5.0 
parts  per  1,000,000  when  treating  the  effluents  from, 
a  contact  bed. 

In  order  to  find  the  source  of  the  copper  and  the 
high  chlorides  in  New  Haven  sewage,  samples  were 
collected  from  manholes  at  various  places  in  the 
sewer,  from  the  source    to    the  outfall    (Table  IV). 

TABLE    in— EFFECT    OF   COPPER    SULPH.\TE   ON    BATERIA 
IN   COLUMBUS   SEWAGE.— JOHNSON   AND 
COPELAND,   1904. 
Organic  nitrogen,  6.3  parts  per  million. 
Composition  of  sewage  alkalinity.  376  parts  per  million. 
Bacteria,   1,200,000  per  cubic  centimeter. 
Copper 


.sulphate              , Hours  of 

Cu.,  p.p.m.                 0.                           1. 

contact 
6 

^      24. 

0     1.200.000             1.200,000 

6,000,000 

14,000.000 

:,     1,200.000                  14,000 

700 

3,400.000 

2:i     ].2Ori.00(.                    !i.50O 

250 

200 

250     1,200.000                    3.000 

190 

35 

TABLE  IV— SOURCE  OF  COPPER  AND  CHLORIDES 

IN  NEW 

H.A.VEN  SEWAGE. 

Alkalinity,  chlorine  and  copper  in 

parts 

per  million. 

Gas 

Bacteria 

formers 

Sam-                                             .\lka-    Chlor- 

Cop- 

per c.c. 

per  c.c. 

ple.     Description.                    Unity,      me. 

per. 

20°  C. 

37°  C. 

1.  Near    source    of    sev.er. . .   54              67 

0.0 

990.000 

100,000 

2.  Below   munitions  factory.    90            144 

S.S 

3,000 

100 

3.  Below    munitions   iactory.165              i4 

5.6 

3,000 

1,000 

4.  Small    branch    sewer 134              72 

0.0 

559,000 

10,000 

.5    Main    sewer    

1.9 

70,000 
380,000 

100 

6.  JIain    sewer    156              71 

10,000 

7.  Below    rubber    factory. . .   90         2,700 

3.5 

65,000 

1.000 

S.  Experiment   Station    130         2,500 

53,000 

1,000 

-DISINFECTION  OF  SEWAGE  BY   COPPER, 
AUGUST    10,    1917. 
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Copper  was  determined  by  evaporating  the  sample  to 
dryness  with  2  c.c.  of  concentrated  nitric  acid,  tak- 
ing up  the  residue  in  distilled  water,  filtering,  and 
adding  2  c.c.  of  concentrated  sulphuric  acid.  This 
solution  was  electrolyzed  between  platinum  electrodes 
for  three  hours  at  70'  C,  using  three  dry  cells  as  a 
source  of  current.  Experiment  showed  that  all  the 
copper  was  deposnted  in  this  time.  The  cathode  was 
removed,  the  copper  dissolved  in  nitric  acid,  the  acid 
driven  off  on  the  steam  bath,  and  the  residue  dis- 
solved in  distilled  water.  An  aliquot  portion  of  this 
solution  was  diluted  to  50  c.c.  in  a  Nessler  tube,  and 
10  c.c.  of  alkaline  sodium  sulphide  added.  The  color 
developed  was  compared  with  that  produced  by  a  cop- 
per sulphate  solution  containing  .2  milligram  of  cop- 
per c.c,  when  treated  with  10  c.c.  of  the  alkaline 
sodium  sulphide.  This  method  is  similar  to  that  in 
Standard  Methods  of  Water  Analysis  with  a  few 
changes. 

The  entrance  of  the  high  chlorides  is  clearly  shown 
to  be  between  samples  6  and  7.   Inquiry  showed  that  a 
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large  rubber  factory  in  this  vicinity  was  pumping 
2,000  gal.  of  sea-water  per  minute  for  condenser  pur- 
poses, all  of  which  was  discharged  into  the  sewer. 

Between  the  places  where  samples  1  and  2  were 
collected  there  is  a  large  munitions  factory  which 
employs  15,000  people.  This  factory  manufactures 
brass  cartridges  and  cannon  shells.  In  stamping  out 
these  shells  the  brass  must  be  annealed  several  times, 
and  after  each  annealing  the  scale  must  be  removed. 
The  shells  are  washed  with  hot  water  and  dilute  sul- 
phuric acid  after  each  annealing,  1,600  lb.  of  acid  and 
120,000  gal.  of  water  being  used  per  day  for  this  pur- 
pose. The  waste  goes  into  catch  basins,  in  which 
some  of  the  solid  particles  are  removed,  but  the  resid- 
ual acid  wastes,  containing  copper  and  zinc  sulphates, 
goes  into  the  sewer.  Here  the  acid  is  neutralized  by 
the  bicarbonates  in  the  sewage,  and  the  copper  sul- 
phate is  changed  to  the  basic  carbonate: 

2  CuSo.  +  2Ca(HCO.).  =  CuCo..Cu(OH).  +  2Ca 
S0<  +  3C0.  +  H.O 
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This   basic   carbonate  is  gradually  changed  to  the  $2,800,000     tO    Be     Expended     by 

^''''°'^cuco.cu(OH).  +  H.o  =  2Cu(OH).  +  co=  Toledo,  O.,  for  Sewerage 

Ellms  has  shown  that  the  presence  of  carbon  diox-  Improvements 

ide  and  organic  matter  greatly  retards  the  precipita-  .^^^^  ^.^.^^^^   ^^  ^^j^^^^   ^^  ^^^   ^^^_  g^  authorized 

tion.     He  found  that  quantities  as  great  as  5  parts  ,^  $2,800,000  bond  issue  for  the  construction  of  inter- 
per  1.000,000  of  copper  may  be  retained  in  solution  ^^^^.^^.^  ^^^^^  ^^  ^.^^^^^j    ^^^^^^  ^^  eliminate 

by  organic  matter  for  long  periods  of  time^    Since  the        ^^^^^-^^^  ^^  g^^.^,^  ^^^  ^^^  ^-^^  ^r^^ks.     The  plan 

sewage  from  the  munitions  factory  reaches  the  Ex-  ^^^^^  ^^^.  ^^^  construction  of  four  intercepting  sewers: 

per.ment   Station   in   approximately   one   hour,    it    is  ,^^^   ^^.^^  ^^^^^  ^  ^^^^^  g.^^   ^^^   g^^^   ^^^^^ 

probable  that  most  of  the  copper  is  still  ,n  solution.  ^^^.^^.^  ^^.^^^  g.^,^  ^^^^^^^  ^^^.^^.  ^^^  ^^^^  ^.^^  ^^^^.^^, 

Its  germicidal   power  is   increased  by  the  high  tern-  ^^^^^  interceptors   are   designed  to   receive  the   dis- 

perature  of  the  sewage,  averaging  84    F.  during  Au-  ^^^^^^  ^^  ^^^^  ^^  ^^^  ^.^^.  ^^^^^^_,  ^^^^^  j^^jj,  ^^^  ^j^^ 

S^^^-  to  receive  the  sewage  from  county  sewers  now  built 
There  is  a  noticeable  correlation  between  the  num-  ^j.  planned,  draining  areas  adjacent  to  Toledo  and 
ber  of  bacteria  and  the  amount  of  copper,  as  shown  ^vhich  will  be  part  of  Toledo  within  the  next  40  or  50 
in  Table  III.  In  order  to  determine  whether  the  dis-  ^ears.  These  county  districts  are  allowed  by  the 
infecting  action  is  greatest  at  the  time  when  the  cop-  g^-j^^g  Board  of  Health  to  build  separate  sewers  with 
per  content  is  greatest,  samples  were  collected  at  the  ^^^  distinct  understanding  that  they  shall  be  con- 
Experiment  Station  from  6  a.  m.  to  9  p.  m.  on  Aug.  ^ected  to  the  city  intercepting  sewers  as  soon  as  they 
10.  Four-ounce  samples  were  incubated  at  20  C.  ^^.g  \j^[\i_  County  districts  making  connections  to 
with  methylene  blue,  the  time  required  for  discolora-  ^j^^.  intercepting  sewers  will  pay  their  proportionate 
ization  being  a  rough  measure  of  the  strength  of  the  ^jj^j.g  ^f  ^^^  ^Qg^  of  the  city  intercepting  sewers  when 
disinfecting  action.     Diluted   samples   were    also    in-  ^hey  make  such  connections. 

cubated,  and  bacterial  counts  made  (Table  5  and  fj^g  proposed  system  of  intercepting  sewers  is 
Fig.  1).  planned  so  that  the  villages  of  Maumee,  Perrysburg. 
The  time  of  decolorization  varies  directly,  the  al-  Rossford,  Point  Place,  and  intervening  territory,  may 
kalinity  and  bacterial  content  vary  inversely,  with  the  drain  by  gravity  into  them.  It  is  contemplated  that 
amount  of  copper.  The  physical  appearance  and  tests  the  Ohio  State  Board  of  Health  will  eventually  re- 
showed  markedly  the  effect  of  the  copper.  The  quire  these  communities  to  purchase  entrance  into  To- 
samples  collected  at  6  a.  m.,  8  p.  m.,  and  ledo's  sewers  in  order  to  protect  Toledo's  water  sup- 
9    p.    m.     became     septic    within     a    few    days,    de-  ply. 

veloped   a    strong    odor   and    lost   their   colloidal    ap-         There  will  be  two  pumping  stations.     One,  located 

pearance.     The   remaining  samples,   with  the   excep-  on  a  small  island  in  the  Maumee  River  off  Bay  View 

tion  of  the  one  collected  at  1    p.  m.,  retained    their  Park,  is  designed  to  pump  all  the  sewage  originating 

original    odor,   that   of   fresh   sewage,   and    remained  on  the  west  side  of  the  river.     The  sewage  comes  to 

colloidal    and    opalescent.     The    relatively   high   iron  this   station   at   an   elevation   about  25   ft.   below  the 

content   of  the   1   o'clock   sample   produced   a   floe    of  surface  of  the  river,  and  must  be  pumped  across  the 

iron  hydroxide  which  coagulated  the  suspended  mat-  river  and   into   the   proposed  sewage   disposal   plant, 

ter  and  clarified  the   sewage.     The   results   obtained  The  other  pumping  station,  to  be  located  on  the  other 

by  incubating  samples  show  that  in  some  cases,  nota-  side  of  the  Maumee  River,  near  the  lower  TeiTninal 

bly  at  5  and  6  p.  m.,  the  diluted  samples  were  dis-  R.  R.  bridge,  will  raise  the  sewage  originating  on  the 

colorized  before  the  undiluted  ones.    This  shows  how  east  side  to  the  disposal  plant. 

impossible  it  is  to  apply  the  "dilution  method"  for  the  The  sewage  disposal  plant  is  to  be  located  on  a  point 

determination  of  the  oxygen  demand  of  this  sewage,  of  land  between  Duck  Creek,  Maumee  River;  and  the 

By  incubating  the  composite  sample  of  raw  sewage  Craig  Oil  Refinery.     It  will  consist  of  Dortmund  set- 

with  methylene  blue,  however,  it  is  possible  to  obtain  tling  tanks,  sludge  digestion  tanks,  and  sludge  drying 

a  rough  measure  of  the  amount  of  germicide  present,  beds.     The  clarified  effluent  will  then  be  discharged 

The  Sunday  sewage  will  reduce  the  methylene  blue  through   submerged   outlets   into   deep   water   in   the 

to  the  leuco-base  within  6  hours;  some  week-day  com-  river. 

posites  have  not  produced  the  colorless  compound  for         The  estimated  cost  of  the  work,  based  on  prices  of 

more  than  20  days.  labor,  material  and  apparatus  in  Toledo,  for  the  month 

The  effect  of  the  copper  on  the  various  processes  of  July,  1917,  is  as  follows: 

being  studied  remains  to  be  seen,  since  operation  has  T^^",,^iiSf,,c-f  ginter.^epUng^s^^^^^^^^^ 

not  been   continued   sufficiently  long  to  allow  any  con-  ^yest   side  Branch  intercepting  Sewer 86,950 

elusions  to  be  drawn.    The  company  producing  the  ?.f4.^^,Ssl?nraTBa?- f'^wVark::::::.::;;:::::  'sT.-ioo 

copper-bearing  wastes  has  investigated  the  recovery  Bay^ vjew  ^gl^Jl^:^ee^^'^mpmg^st^B.uon .........  107.300 

of  the  copper  and  acid,  and  claims  that  such  recovery  se'iv-age  Disposaf  Plant  612,210 

would   not   be   profitable   because   of   the    great    COnCen-  ^otal   estimated  cost  of  entire   project $2,485,760 

tration  necessary.     If  the  wastes  interfere  seriously  Engineering:  and  contingrencies,  10% 248.600 

with  the  solution   of  the   sewage    disposal    problem.  The  first  work  will  be  done  on  the  Ten  Mile  Creek 

their  removal  will  probablv  be  considered  asain.  interception  and  the  Bay  View  Park  pumping  plant, 

and  legislation  for  these  jobs  will  be  proceeded  with 

„,„„„„„..    „     ,       .  at  once.     This  work  includes  6  miles  of  sewer  from 

New  York  Contractor  Secures  $10,000,000  Contract,  ^g  j^    ^^  ,^2-in.  in  size,  several  interceptors  and  two 

—James  Stewart  &  Co.,  Inc.,  New  York  City  have  been  gjphons.    About  half  of  this  sewer  will  be  in  open-cut 

awarded  contracts  calling  for  over  $10,000,000  worth  ^^^j  about  3  miles  of  72-in.  will  be  in  tunnel.     The 

of  construction  work  in  connection  with  the  govern-  pumping  plant  will  be  an  attractive,  substantial  build- 

ment's   war   preparations   on    Hampton     Roads,   Nor-  jng  of  the  size  that  will  ultimately  accommodate  50,- 

folk,  Va.  000,000-gal.  pumps.    Motor-driven   centrifugal   pumps 
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of  a  smaller  size  will  be  installed  at  this  time.  The 
bond  legislation  will  take  about  60  days,  so  that  this 
work  will  not  come  up  for  actual  figures  before  Feb.  1. 
Watson  Harmon  is  City  Sanitary  Engineer  and 
Harry  C.  McClure  is  Commissioner  of  Engineering  and 
Construction. 


Reclamation  of   Alkaline    Lands 

While  under  drainage  is  the  basis  of  the  reclama- 
tion of  alkali  or  silt  lands,  drainage  alone  often  is 
ineffective  for  complete  reclamation  and  subsequent 
treatment  is  necessary.  The  salt  content  not  only 
must  be  reduced  to  a  safe  percentage,  but  it  may  be 
found  that  the  presence  of  the  salts  has  injured  the 
physical  texture  of  the  soil  and  perhaps  destroyed  the 
humus  content.  Humus  must  be  restored,  evaporation 
must  be  reduced  so  that  the  future  rise  of  salts  may 
be  prevented,  and  the  tilth  of  the  soil  must  be  im- 
proved. The  methods  for  accomplishing  these  results 
are  outlined  as  follows  in  a  recently  issued  Farmers' 
Bulletin  prepared  by  R.  A.  Hart,  Senior  Drainage  En- 
gineer of  the  U.  S.  Office  of  Public  Roads  and  Rural 
Engineering: 

If  expedition  be  desired  in  the  removal  of  salts,  or 
if  natural  precipitation  and  irrigation  are  insufficient 
to  effect  a  satisfactory  reduction  in  the  percentage, 
a  good-sized  stream  of  irrigation  water  should  be 
turned  on  the  land  and  allowed  to  percolate  through 
the  soil  as  rapidly  as  possible.  This  is  best  accom- 
plished by  diking  the  land  into  checks  and  ponding 
the  water  as  deeply  as  feasible,  each  check  having  as 
large  an  area  as  the  slope  of  the  ground  and  the 
amount  of  available  water  will  permit.  In  no  case 
should  an  attempt  be  made  to  flush  the  salts  from  the 
surface.  They  must  be  leached  out  and  carried  down- 
ward in  solution  to  the  underground  reservoir.  The 
desirability  of  using  large  checks  and  liberal  quanti- 
ties of  water  is  due  to  the  fact  that  capillary  attrac- 
tion is  equally  effective  in  all  directions,  and  it  is 
necessary  to  offset  the  tendency  of  the  salts  to  move 
laterally  in  the  soil  and  reappear  on  a  higher  or  dryer 
portion  of  the  ti-act.  For  this  reason  it  is  required  to 
make  sure,  in  flooding,  that  all  the  surface  is  covered, 
even  if  knolls  and  ridges  must  be  leveled  first.  It  is 
advisable  generally  to  cultivate  a  field  thoroughly  be- 
fore the  leaching  process,  but  in  some  cases  it  has 
'been  found  to  be  more  satisfactory  to  flood  first  and 
then  cultivate  as  soon  afterward  as  possible.  If  the 
subsoil  be  so  impervious  that  the  leaching  water  does 
not  percolate  readily,  it  may  be  necessary  to  resort  to 
subsoiling  or  blasting. 

The  following  actual  example  of  reclamation  is 
offered  to  demonstrate  the  principles  that  have  been 
stated :  ' 

Before  drainage  the  ground  water  on  a  certain  tract 
stood  within  2  ft.  of  the  surface,  which  was  covered 
with  a  white  crust  of  alkali  salts.  Nothing  of  value 
grew  on  the  tract,  the  only  vegetation  being  an  occa- 
sional salt  weed.  The  average  salt  content  for  the 
first  4  ft.  of  depth  was  2.25  per  cent  of  the  soil.  A 
drainage  system  was  installed  and  in  a  month's  time 
the  excess  water  in  the  soil  had  run  out,  so  that  the 
ground  water  table  was  practically  down  to  the  level 
of  the  drains.  This  excess  water  contained  a  great 
deal  of  salt  in  solution,  so  that  analyses  made  at  the 
end  of  the  month  showed  that  the  average  salt  content 
for  the  4  ft.  had  been  reduced  to  approximately  1  per 
cent.  The  ground  surface  was  cultivated  and  irrigated 
with  a  limited  supply  of  water  and  some  crops  were 
planted,  but  gave  only  fair  results.     Meanwhile  the 


higher  temperature  off  summer  has  increased  the 
evaporation  and  it  was  found  that  the  average  salt 
content  for  the  4  ft.  increased  to  1.28  per  cent  in  spite 
of  the  drainage.  A  nearby  uncultivated  and  unirri- 
gated  spot  which  had  been  affected  to  some  extent  by 
the  drainage  system  showed  an  average  salt  content 
for  the  first  4  ft.  of  1.51  per  cent.  It  was  evident  that 
drainage  alone  would  never  reclaim  the  tract,  so  a 
heavy  flooding  was  given  it  with  the  result  that  the 
average  salt  content  for  the  first  4  ft.  was  reduced  to 
0.43  per  cent,  which  is  less  than  one-fifth  of  the  orig- 
inal content.  At  this  time  the  nearby  uncultivated 
spot  showed  an  average  salt  content  for  the  first  4  ft. 
of  1.73  per  cent,  an  increase  which  was  due  to  the 
flooding  of  adjacent  land  while  the  spot  itself  re- 
mained dry.  Further  irrigation  of  the  drained  tract 
will  reduce  the  salt  content  on  the  tract  and  increase 
that  on  the  uncultivated  spot. 

Land  should  be  cropped  as  soon  as  possible  after 
reclamation;  some  crop  which  will  shade  the  ground 
is  preferable.  If  possible,  the  plans  should  be  more 
or  less  alkali  resistant.  It  must  be  kept  in  mind  that 
the  harmful  salts  are  brought  to  the  surface  of  the 
ground  in  solution  by  the  capillary  action  of  the  soil 
and  that  they  are  deposited  upon  the  surface  when 
the  solution  is  evaporated;  hence  the  advisability  of 
planting  shading  crops  which  reduce  the  evaporation. 
Artificial  or  soil  mulches  accomplish  the  same  thin, 
and  if  shading  crops  are  not  planted,  the  soil  should 
be  kept  well  stirred.  Subsoiling,  in  addition  to  assist- 
ing the  leaching  water  to  percolate  to  the  drains, 
breaks  up  the  capillary  columns  and  retards  the  up- 
ward movement  of  salts. 

Copious  amounts  of  water  should  be  used  in  irriga- 
tion and  the  water  should  be  spread  at  once  over  as 
large  areas  as  possible,  making  sure  that  the  ground 
is  covered  as  uniformly  as  may  be.  Waste  water 
should  not  be  allowed  to  run  off  the  tract,  as  it  is  only 
the  water  that  percolates  downward  that  removes  an 
appreciable  amount  of  salt.  However,  water  should 
not  be  allowed  to  pond  in  depressions  or  elsewhere 
for  any  considerable  time  after  the  head  is  turned  off. 
If  there  is  a  tendency  for  the  water  to  pond  in  this 
manner,  either  the  depressions  should  be  leveled  up 
or  surface  inlets  to  the  drain  lines  be  provided,  so 
that  the  excess  may  be  removed  in  a  short  time. 


Candidates  for  Officers  of  New  England  Water 
Works  Association  for  1918. — The  nominating  com- 
mittee  of  the  New  England  Water  Works  Association 
has  named  the  following  candidates  for  office  for  1918: 
President,  Carleton  E.  Davis,  chief,  Bureau  of  Water, 
Philadelphia,  Pa.;  Vice-Presidents — Samuel  E.  Killam, 
superintendent  pipe  lines  and  reservoirs.  Metropoli- 
tan Water  District,  Boston,  Mass. ;  Henry  V.  Macksey, 
superintendent  of  public  works,  Woburn,  Mass.; 
Frank  A.  Barbour,  consulting  hydraulic  and  sanitary 
engineer,  Boston;  Percy  R.  Sanders,  superintendent  of 
water  works.  Concord,  N.  H. ;  Thomas  McKenzie,  su- 
perintendent water  works.  Westerly,  R.  I.,  and  Henry 
R.  Buck,  consulting  engineer,  Hartford,  Conn;  Secre- 
tary. Willard  Kent,  civil  engineer,  Narragansett  Pier, 
R.  I. ;  Editor,  Henry  A.  Symonds,  hydraulic  engineer, 
Boston;  Executive  Committee — Frank  J.  Gifford,  su- 
perintendent of  water  works,  Dedham,  Mass,;  A.  R. 
Hathaway,  water  registrar,  Springfield,  Mass.,  and 
H.  T.  Sparks,  superintendent  of  water  works.  Brewer, 
Me.;  Finance  Committee — George  A.  Carpenter,  city 
engineer,  Pawtucket,  R.  I.;  Edwin  L.  Pride,  public 
accountant,  Boston;  Bertram  Brewer,  superintendent 
sewers  and  water  works,  Waltham,  Mass. 
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Synchronous    Motors    Drive    City  Water 
Pumps 

Water-pumping,  on  account  of  its  higli  load-factor, 
i.s  a  load  which  many  central  stations  have  found 
profitable.  On.e  of  the  more  recent  installations  of 
this  character  is  tnat  supplied  by  the  Camden  Iron 
Works  for  the  Del  Air  plant  of  the  Camden,  N.  J., 
water-supply  system.  This  consists  of  two  pumps 
having  a  total  capacity  of  10,000,000  gal.  per  24  hours. 

A  brick  building  houses  the  apparatus  which  is 
placed  about  12  ft.  below  ground  level.  There  are 
two  12  in.  centrifugal  pumps,  double-suction,  single 
stage,  each  connected  with  a  horizontal  shaft  to  a  200 
h.p.  Westinghouse  synchronous  motor.  There  are  also 
two  rotary  vacuum  pumps  each  connected  to  a  10  h.p. 
Westinghouse  induction  motor. 

Power  for  this  station  is  received  from  lines  of  the 
Public  Service  Company  at  2,200  volts,  and  used  in 
the  main  pump  motors  at  this  voltage.  Transformers 
are  provided  to  serve  the  vacuum  pumps  at  220  volts 
and  for  lighting  purposes. 

The  switchboard  has  three  panels — one  for  each 
main  pump  motor,  carrying  the  necessary  relays  and 
switches,  and  an  ammeter  and  reactive  factor  meter, 
and  a  metering  panel  carrying  the  central  station's 
kilowat-hour  meter  and  a  curve-drawing  wattmeter. 
The  smaller  pumps  are  controlled  from  switches  near 
each  one. 

During  a  test  run  these  pumps  operated  against  a 
suction  head  of  27.33  ft.  and  26.5  ft.  respectively  and 
a  pressure  head  of  150  ft.  In  spite  of  the  fact  that 
the  water  contained  some  air,  the  high  overall  effi- 
ciency of  about  72  per  cent  was  achieved,  involving 
consumption  at  the  rate  of  about  160  kw. 

It  is  readily  possible  by  the  use  of  the  reactive- 
factor  meters  and  regulation  of  the  synchronous  mo- 
tpr  field  to  secure  any  power  factor  desired.  This 
makes  it  possible  to  keep  the  station  at  unity  power 
factor,  or  to  supply  leading  current  to  improve  con- 
ditions in  the  district.  Since  the  pumps  can  be  run 
at  any  time,  it  is  often  desirable  to  shut  them  down 
at  the  times  of  heaviest  load  on  the  central  station. 

All  the  electrical  equipment  in  the  new  station  was 
furnished  by  the  Westinghouse  Electric  &  Manufac- 
turing Company,  East  Pittsburgh,  Pa. 
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forces 


on  their  Penns>'Ivania 


vork  on  the  Burlingrton 
several   jobs 


Dunn  &  McCarthy  are  increasins 
■(vork  near  Indianapolis,  Ind. 

W.  A.  Gierke  has  a  small  job  of  te 
R.   R.  at  Shattuc,  111.,   to  sublet. 

J.    W.    McMurray    Contracting    Co.    are    finishir 
for  the  Katy   in  Southern  Kansas  and  Oklahoma. 

.1.  J.  Connors  came  in  from  Chicago  looking  up  a  job  for  his 
35-team  outfit.    1246  Melrose  street.  Chicago.  111.,  will  catch  him. 

R.  L,.  Cheshire  has  his  big  team  outfit  at  work  on  a  260.000- 
yard  levee  job  near  Knowltons  Landing.  Ark.  Expects  to  finish 
about  the  1st  of  February. 

Columbus  S.  Jones,  the  boss  stationman.  has  finished  his 
station  work  on  the  Rock  Island  R.  R.  near  Geneseo,  111.,  and 
moved  his  headquarters  to  Centreville,   111. 

Harrington  Bros,  have  finished  their  work  at  Sesser,  111.,  and 
are  moving  a  part  of  their  outfit  on  to  the  new  reservoir  job 
that  they  were  recently  awarded  at  Benton,   111. 

P.  J.  JIurphy.  Moberly,  Mo.,  has  a  small  team  job  on  the 
Wabash  R,  R.  near  Hardin.  Mo.  Also  a  levee  job  that  requires 
the  moving  of  about  35,000  cu.  yd.  of  earth  near  Wakenda,  Mo.. 
to   sublet. 

Stresenreuter-Cotton  &  Co..  Daw.son  Springs.  Ky.,  have  about 
21.000  cu.  yd.  of  rock  and  earth  work  to  .sublet  on  the  Illinois 
Central  R.  R.  near  that  point.  This  job  is  suitable  for  a  small 
revolving  shovel  and  small   cars. 

P.  H.  Smith  Construction  Co..  Caddao.  Colo.,  are  finishing 
their  work  at  that  point.  Are  in  the  market  for  some  more 
■work  for  their  ten-team  outfit.  Are  not  particular  whether  it  is 
in  the  United  States  or  in  France. 

.^.  L..  Cook,  Ottawa,  Kans..  can  use  quite  a  number  of  team 
outfits  on  the  M.,  K  &  T.  R,  R.  in  Southern  Oklahoma.  Also 
has  some  .good  station  work  to  let  on  this  line.  Fi-ee  transporta- 
tion over  the  M.,  K  &  R.  R.  for  labor  and  outfits. 


McDonell  Bros,  1101  Mason  street,  Flint,  Mich.,  write  us 
that  they  have  tv.-o  Keystone  outfits  idle  at  that  point.  Both 
machines  are  equipped  for  sewer  work  or  grading.  Will  rent 
one  or  both  machines  with  or  without  experienced  operators. 

L.  H.  Mummert  of  the  Central  Labor  Bureau,  Cincinnati.  O.. 
spent  a  couple  of  days  with  us  here.  Mummert  reports  that 
Cincinnati  is  getting  to  be  a  real  live  labor  town  and  extends  an 
invitation  to  all  contractors  when  in  that  burg  to  call  around 
at  his  office,  408  W.  Fourth  street,  and  get  acquainted. 

R.  Sinclair  of  the  Dupont  Powder  Co.  reports  the  best  busi- 
ness in  history.  Sinclair  is  a  little  in  advance  on  distributing 
Christmas  presents  to  contractors  in  the  shape  of  an  elegant 
briar  pipe  which  is  very  much  appreciated  by  those  who  are 
lucky  enough   to  receive  one.  A.  B.   KOENIG. 


Personals 

O.  H.  Lang,  Moultrie,  Ga..  has  been  appointed  town  engineer 
of  Thomasville,  Ga. 

E.  C.  La  Rue.  hydraulic  engineer,  connected  with  the  United 
States  Geological  Survey,  has  been  transferred  from  Salt  Lake  to 
Pasadena,  Cal. 

Major  Benedict  Crowell.  Engineer  Corps.  V.  S.  Army,  here- 
tofore in  charge  of  the  Washington  office  of  the  Panama  Canal, 
has  been  appointed   iVssistant  Secretary  of  War. 

F.  O.  McGill.  John  Eddy.  B.  E.  Cunningham  and  L.  E.  Mc- 
Keeth  have  organized  the  Gem  State  Construction  Co..  of  Nampa, 
Idaho,   and  will   engage   in  a  general   contracting  business. 

Prof.  George  R.  Dean,  head  of  the  department  of  mathematics 
at  the  School  of  Mines  at  RoUa,  Mo.,  has  been  appointed  con- 
sulting engineer  of  the  General  Electric  Co.  and  commissioned 
to  carry  on  a  mathematical  and  experimental  investigation  of 
magnetism   and   magnetic   properties. 

Milton  W.  Franklin,  formerly  engineer  of  the  ozonator  de- 
partment of  the  General  Electric  Co.,  has  severed  connections 
with  that  company  to  go  with  E.  P.  Houghton  &  Co.  as  con- 
sulting engineer.  Dr.  Franklin  becomes  a  member  of  the  board 
of  directors  and  chairman  of  the  sales  committee  and  assumes 
charge  of  plants  and  equipment  and  manufacturing  processes. 

J.  B.  Marcellus.  recently  division  engineer.  Portland  Cement 
Association.  Kansas  City,  Mo.,  has  been  appointed  state  drainage 
and  irrigation  engineer  of  Kansas.  Mr.  IMarcellus  is  a  graduate 
of  Kansas  State  University  Engineering  School,  and  has  had  I.t 
years*  practical  engineering  experience,  including  drainage  and 
irrigation  in  the  West  and  Xorthwest.  His  office  is  at  Man- 
hattan in  connection  with  the  extension  division  of  the  State 
.\gricultural  College. 

-VJlen  T.  Russell  has  been  elected  city  surveyor  of  Baltimore, 
]\ld.  .Mr.  Russell  at  one  time  was  county  surveyor  of  Du  Page 
County.  Illinois,  and  later  was  city  engineer  of  Wheaton.  111. 
He  located  and  constructed  the  Aurora.  Elgin  &  Chicago  R.  R. 
He  resigned  this  position  to  become  chief  engineer  and  general 
manager  of  the  Bluffton  &  Chicago  R.  R.  After  that  he  was 
for  some  time  engaged  in  gold  mining  in  Nevada.  Leaving  the 
gold  fields,  he  became  president  and  chief  engineer  of  the  Western 
Indiana  Construction  Co. 

The  third  annual  meeting  of  the  Iowa  Section,  American 
\\'ater  Works  Association,  was  held  Oct.  10.  11  and  12  at 
Council  Bluffs,  la.  The  following  officers  were  elected  for 
the  coming  year:  Chairman.  S.  L.  Etnyre  of  Council  Bluffs; 
vice-chairman.  W.  A.  Judd  of  Mason  City;  directors.  G.  E. 
Shoemaker  of  Waterloo  and  B.  F.  Stedman  of  Dubuque;  sec- 
retary-treasurer. Jack  J.  Hinman.  Jr..  State  University  of 
Iowa.  Iowa  Citv.  The  ne.xt  meeting  will  be  held  in  Iowa  Citv 
in  the  fall  of  1018. 

Henry  G.  Shii.ey.  chief  engineer  of  the  State  Roads  Com- 
mission of  Maryland,  has  been  appointed  a  member  of  the  high- 
ways transport  committee,  created  by  the  Council  of  National 
Defense,  to  organize  co-operation  among  transportation  agencies 
for  the  more  general  use  of  public  highways  and  inland  water 
routes  for  short  hauls.  Roy  D.  Chapin  of  Detroit  was  made 
chairman.  Other  members  of  the  committee  are  Logan  Waller 
Page,  federal  director  of  public  roads,  and  George  H.  Pride  of 
New  York.  Mr.  Shirley  became  chief  engineer  of  the  Roads 
Commission  in  1912.  Prior  to  this  he  was  the  roads  engineer  of 
Baltimore    County,    Maryland. 

The  Public  Sei"vice  Commission  for  the  First  District,  New 
Vork  City,  has  257  employees  in  the  Arm.v  and  Navy.  Two  mem- 
bers of  the  Commission.  Col.  William  Hayv.ard  and  Maj.  Henry 
W.  Hodge,  and  many  members  of  its  staff  are  in  one  branch 
or  the  other  of  the  United  States  service  and  some  are  already 
at  the  front  in  France.  Of  the  above  figure  22S  are  in  the  army 
service  and  the  remainder  in  the  navy.  The  October  number  of 
the  Public  Service  Record,  published  by  the  Public  Service  Com- 
mission, has  been  issued  as  a  patriotic  service  edition  and  con- 
tains the  names  of  the  men  in  service  with  their  respective  com- 
mands. The  list  of  Public  Service  Commission  men  in  the  army 
includes:  1  colonel,  1  major.  16  captains,  15  first  lieutenants.  34 
second  lieutenants,  1  battalion  sergeant-major.  1  sergeant  painter, 
ft  sergeants.  3  master  gunners.  6  corporals.  1  bugler.  1  machinist. 
17  officer  candidates,  1  recruit.  1  student,  1  aviation  cadet.  S4 
privates  and  35  selective  draft.  The  list  of  men  in  the  navy 
includes:  1  captain.  1  lieutenant  commander.  5  lieutenants.  3 
ensigns,  3  chief  electricians.  1  chief  machinist's  mate,  3  elec- 
tricians. 1  chief  yoeman.  2  voemen.  4  seamen.  1  oiler.  1  musician 
and  1  boatswain's  mate.  The  men  in  the  service  comprise  ap- 
proximately 15   per  cent  of   the  commission's  staff. 
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Obituaries 

Leander  Delevan  died  Nov.  1  at  Nelson,  Cal.,  aged  S5  years. 
He  is  stated  to  have  built  the  first  dredge  operating  in  the 
t'eather  River. 

John  D.  Crimmins,  for  many  years  a  leading  figure  in  the 
New  York  business  world,  and  widely  known  for  his  charities, 
died  of  pneumonia  Nov.  S  after  an  illness  of  four  days.  Mr. 
Crimmins  "was  born  in  New  York  City.  May  I.S.  1S44.  and  entered 
the  contracting  business  of  his  father.  In  1S73  he  became  head 
of  the  firm  and  for  many  years  engaged  in  great  bui'ding  opera- 
tions, principally  for  the  Manhattan  Elevated  Ry.,  Consolidated 
"as  Co.,   Equitable  Gas  Co.,  and  Western  Union  Telegraph  Co. 
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ATTENTION! 

Turn  back  three  pages  to  advertising  page  14. 
The  publishers  of  Engineering  and  Contracting 
have  there  printed  a  message  that  should  interest 
you. 


The    "Self  -  Identifying    Check": 
Can  It  Be  Used  in  Paying  Con- 
struction Workmen? 

Men  engaged  on  con.struction  work  are  seldom  paid 
by  check,  because  of  the  objections  raised  on  account 
of  the  difficulty  of  cashing  checks.  This  difficulty 
can  be  overcome  by  the  use  of  a  self-identifying  fea- 
ture similar  to  that  of  travelers'  checks  issued  by  ex- 
press companies.  On  the  face  of  the  check  a  space 
is  provided  for  the  signature  of  the  employe,  and  this 
signature  is  wi-itten  in  the  presence  of  the  pay- 
master. Then  if  the  employe  endorses  the  same  check 
on  the  back  in  the  presence  of  a  bank  cashier,  or 
other  person  who  cashes  the  check,  the  agreement 
of  the  two  signatures  is  sufficient  evidence  that  the 
right  person  is  cashing  the  check.  By  arrangements 
with  banks  and  merchants  the  cashing  of  self-identi- 
fying checks  can  be  effected  in  any  city,  with  result- 
ing saving  of  time  in  payroll  woi'k  and  complete  elim- 
ination of  risk  of  theft  or  robbery. 


How  a  Contractors'  "Cafeteria" 
Eliminated  Camp  "Flunkies" 

Camp  waiters,  or  "flunkies,"  have  so  long  been  re- 
garded as  a  necessary  evil  that  there  is  some  shock 
of  suprise  in  the  announcement  that  one  contracting 
firm  has  devised  a  way  of  eliminating  "flunkies"  en- 
tirely. Fred  T.  Ley  &  Co.,  contractors  for  the  army 
cantonment  at  Ayer,  Mass.,  had  the  wit  to  adopt  the 
cafeteria  method  of  serving  their  men — or  rather  of 
making  the  men  self-serving,  auto-flunkies,  as  it  were. 
With   "loading  counters"   covered  with    food,    aisles 


down  which  the  men  marched  past  cash  registers  and 
eating  tables  on  which  their  trays  of  food  were  placed, 
it  was  possible  to  feed  2,500  men  without  confusion 
and  quickly.  The  men  either  bought  meal  tickets  or 
paid  cash,  at  their  option.  The  camp  cafeteria  has 
proved  to  be  so  pronounced  a  success  that  it  will  un- 
doubtedly be  adopted  by  many  a  contractor. 


The  Use  of  Air  Hammer  Drills  for 
Large  Diameter  Holes 

The  air  hammer  is  commonly  regarded  as  being 
adapted  only  for  drilling  holes  of  small  diameter;  but 
R.  C.  Starr,  chief  engineer  of  the  Southern  California 
Edison  Co.,  Los  Angeles,  has  found  it  practicable  to 
drill  5-in.  holes  3  ft.  deep  in  cyclopean  masonry,  us- 
ing air  hammers.  Three  such  holes  were  drilled  per 
hour,  with  Leyner-Ingersoll  hammer  drills  of  the 
kind  used  in  tunnel  work.  (See  Gillette's  "Hand- 
book of  Rock  Excavation,"  p.  136.)  But  instead  of 
mounting  the  drill  on  a  quarry  bar  or  tripod,  it  was 
fitted  with  a  handle  and  operated  by  two  men.  The 
drill  cuttings  were  not  removed  by  water,  as  is  com- 
mon with  the  Leyner-Ingersoll  drill,  but  by  a  com- 
pressed air  blow  pipe.  The  holes  drilled  in  this  man- 
ner were  used  as  anchorage  places  for  steel  anchor 
rods.  However,  the  economic  drilling  of  such  large 
holes  with  air  hammers  suggests  possibilities  of  using 
this  type  of  drill  for  putting  down  large,  shallow 
blast  holes  in  confined  places. 


(79) 


The  Use  of  Chutes  for  Stacking 
Sand,  Gravel  or  Stone 

stock  piles  of  sand,  gravel  or  stone  may  be  built 
up  with  the  aid  of  steel  chutes,  such  as  are  used  in 
delivering  concrete  from  tower  hoppers  into  the 
forms.  The  Pittsburgh  Railways  Co.  piles  ballast  in 
its  East  Liberty  storage  yard  in  the  following  man- 
ner: The  freight  cars  dump  into  a  hopper  under  the 
track,  and  the  hopper  feeds  into  a  bucket  that  is 
hoisted  up  an  inclined  track  and  dumps  automatically 
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into  a  small  hopper  such  as  is  used  on  concrete  work. 
The  ballast  is  delivered  from  this  hopper  through 
steel  chutes,  as  in  chuting  concrete,  into  stock  piles. 
The  flexibility  of  such  an  outfit  is  apparent.  Evi- 
dently the  concrete  tower  and  chute  has  uses  not 
hitherto  thought  of  by  many  contractors  or  engineers. 


Uncrushed   Rock    from   Tunnel 

Heading  Used  in  Concrete 

Lining 

It  has  frequently  been  suggested  that  rock  for  con- 
crete tunnel  lining  might  be  taken  direct  from  the 
tunnel  heading,  mixed  with  sand  and  cement  and 
placed  in  the  forms;  but  the  first  tunnel  in  which  this 
plan  has  been  carried  out  is  the  Wilson  avenue  intake 
tunnel  for  the  water  supply  of  Chicago.  The  rock, 
which  is  a  limestone,  was  broken  up  fine  by  the  blast- 
ing, so  that  enough  suitable  stone  under  4I2  in.  diam- 
eter could  be  secured  by  screening  the  "muck"  from 
the  heading.  Muck  cars  (1  cu.  yd.)  were  hauled  up 
an  incline  in  the  tunnel  and  dumped  onto  a  screen. 
The  screened  stone  was  delivered  upon  a  belt  con- 
veyor feeding  into  a  hopper  above  the  concrete  mixer. 
A  pneumatic  mixer,  furnished  by  the  Concrete  Mix- 
ing &  Placing  Co.  of  Chicago,  was  used.  The  mixed 
concrete  was  carried  through  an  8-in.  pipe  by  air 
pressure  to  the  Blaw  steel  forms,  the  maximum  dis- 
tance of  travel  being  1.000  ft.  During  one  month 
2,800  cu.  yds.  of  concrete  were  thus  placed,  the  oper- 
ating crew  at  the  mixer  being  13  men,  including  the 
men  who  screened  the  rock.  The  pneumatic  method 
of  conveying  the  concrete  made  it  possible  to  line  the 
tunnel  while  the  excavation  was  in  progress,  and  thus 
a  saving  of  a  year's  time  was  effected. 


Railway  Cuts  and  Fills  Economic- 
ally Made  with  a  Dragline 
Scraper 

In  grading  the  Lorain,  Ashland  &  Southern  R.  R. 
a  large  part  of  the  excavation  was  done  with  a  drag- 
line scraper,  wasting  the  cuts  and  borrowing  for  the 
fills.  This  necessitated  buying  additional  right  of 
way,  but  the  cost  of  the  land  was  nominal  and  far 
less  than  the  .saving  in  the  cost  of  hauling  the  earth 
from  cut  to  fill.  In  making  a  high  fill  borrow  pits 
were  dug  on  each  side  up  to  a  width  of  80  ft.  The 
machine  handled  much  of  the  earth  twice  in  these 
wide  pits.  This  work  was  done  with  a  Bucyrus  drag- 
line by  the  Essex  Construction  Co.  of  Buffalo.  The 
material  was  mostly  clay,  but  the  side  slopes  of  the 
cuts  were  not  dressed  by  hand  as  they  were  left  fairly 
uniform  by  the  bucket. 

Where  one  machine  with  a  relatively  small  crew- 
can  move  40,000  cu.  yd.  in  6  weeks,  as  was  done  in 
one  cut,  it  is  evident  that  this  method  of  railroad 
grading  deserves  more  consideration  than  it  has 
hitherto  received. 


Economic  Thawing  of  Earth 
With  Steam 

Those  who  have  had  no  experience  in  thawing 
frozen  earth  with  steam  often  make  the  mistake  of 
thinking  that  bare  steam  pipes  laid  on  top  of  the 
ground  under  a  cover  of  canvas,  will  be  effective.  But 
the  heat  is  radiated  into  the  air  so  rapidly  that  the 
thawing  is  very  slow  and  expensive.     If  the   steam 


pipes  are  covered  with  6  or  8  in.  of  sand,  the  thawing 
is  much  more  efficient.  Even  better  where  the  amount 
of  earth  to  be  thawed  is  considerable,  is  the  follow- 
ing method.  Bore  a  hole  in  the  frozen  earth,  using 
a  steam  pipe,  open  at  the  lower  end,  to  thaw  and  dis- 
place the  earth.  A  '2  to  -^i-in.  pipe  can  thus  be  forced 
down  to  a  depth  of  3  or  4  ft.  in  a  few  minute.s.  Then 
insert  another  length  of  steam  pipe  in  the  hole,  this 
pipe  being  capped  at  its  lower  end  and  having  4  to  6 
small  (i.<-in.)  holes  drilled  in  its  sides.  Have  this 
thaw  pipe  project  above  the  ground  a  foot  or  two  and 
connect  its  upper  end  with  a  steam  hose  to  the  main 
steam  pipe  which  feeds  a  group  of  such  thaw  pipes. 
Frost  to  the  depth  of  3  or  4  ft.  can  be  very  rapidly 
thawed  in  this  manner. 


Opportunities  for  American  Con- 
tractors and  Engineers  in 
France  After  the 
War 

The  rehabilitation  of  cities  in  France  and  Belgium 
after  the  war  may  profitably  engage  the  attention  of 
American  engineers  and  contractors  right  now.  Else- 
where a  letter  from  J.  A.  L.  Waddell  gives  portions  of 
a  correspondence  between  him  and  a  French  en- 
gineer, who  seeks  the  co-operation  of  American  con- 
tractors and  engineers.  This  French  engineer  evi- 
dently believes  that  American  machinery,  capital  and 
brains  will  be  in  demand  at  the  close  of  the  war,  to 
rebuild  the  devastated  industrial  centers  of  northern 
France.  In  our  last  Road  and  Street  Monthly  issue, 
Nov.  7,  we  predicted  that  the  American  road  builders 
(the  "23rd  Engineers")  who  are  going  to  France  will 
revolutionize  French  methods  of  road  building  mainly 
by  introducing  American  machinery.  May  it  not  also 
happen  that  other  Americans  will  also  effect  great 
changes  in  other  lines  of  construction?  Concrete 
buildings,  for  example,  have  long  been  erected  in 
France,  but  never  on  the  scale  nor  with  the  rapidity 
prevalent  in  this  country.  Let  some  of  our  energetic 
American  contractors  and  engineers  ally  themselves 
now  with  French  associates,  and  prepare  for  the  work 
that  will  follow  the  ending  of  the  war. 


Combination  of  Steam  Shovel  and 

Hydraulicking  Methods  of 

Dam  Building 

In  building  an  earth  dam  with  steam  shovels  and 
cars  there  is  a  difficult  economic  problem  involved  in 
spreading  the  earth.  If  the  track  is  shifted  laterally, 
in  order  to  spread  the  earth  in  comparatively  thin 
layers,  the  expense  of  track  shifting  becomes  a  very 
large  item  of  cost.  In  a  timbered  codntry  where 
trestles  may  be  cheaply  built,  it  is  feasible  to  dump 
from  a  trestle  and  then  spread  the  earth  with  a  drag- 
line bucket.  In  an  arid  country  where  timber  is  ex- 
pensive, this  method  may  not  be  advisable.  R.  C. 
Storril  &  Co.,  San  Francisco  contractors,  are  build- 
ing an  earth  dam  75  ft.  high  near  Las  Vegas,  N.  M., 
in  a  manner  that  merits  attention.  A  40-ton  Vulcan 
shovel  loads  414  cu.  yd.  cars  that  are  dumped  on  the 
two  slopes  of  the  dam.  A  hydraulic  giant  sluices  the 
earth,  which  is  a  heavy  clay  mixed  with  sand  and 
gravel,  toward  the  center  of  the  dam.  The  water  for 
sluicing  is  delivered  by  gravity.  This  combination 
of   shovel,    cars   and   hydraulic   monitor   is   one   that 
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may  frequently  be  used  with  profit  in  building  large 
water  tight  embankments,  the  materials  for  which 
must  be  well  spread  and  compacted. 

In  building  the  Patillas  irrigation  dam  the  govern- 
ment of  Porto  Rico  recently  used  a  combination  of 
steam  shovel,  cars  and  hydraulic  monitor  that  differs 
somewhat  from  the  above  described  method.  The 
dam  is  135  ft.  high.  Trestles  50  ft.  high  were  built  on 
opposite  sides  of  the  dam,  and  earth  was  dumped 
through  these  trestles  form-ing  two  dikes.  After  the 
trestles  were  filled  in.  the  dikes  were  built  up  higher 
by  successive  lifts,  shifting  the  tracks  back  and  forth. 
Hydraulic  monitors  washed  the  earth  from  the  inner 
sides  of  the  two  dikes  to  a  pool  of  water  between 
them.  The  pipe  line  was  supported  on  pontoons  float- 
ing in  the  pool.  A  6-in.  centrifugal  pump,  driven  by 
a  60-HP.  engine,  was  used  for  the  higher  part  of  the 
dam  when  the  gravity  pressure  was  insufficient. 


The  Growing  Use  of  Labor-Saving 

Machinery  on  Railway 

Maintenance 

The  scarcity  and  high  price  of  labor  is  driving  rail- 
way companies  to  use  more  machinery  in  connection 
with  track  maintenance.  This  was  well  shown  in  an 
article  entitled  "Labor  Saving  Equipment  for  Track 
Work  on  Illinois  Central  R.  R.,"  published  in  our  Oct. 
17  issue.  Steam  ditchers,  of  the  boom  type,  repay 
half  their  first  cost  in  a  year,  and  air  dump  cars  repay 
one-quarter  their  first  cost  in  a  year;  this,  too,  when 
they  are  used  only  6  months  out  of  the  12.  Track-lay- 
ing machines  have  proved  equally  profitable,  and  air 
operated  rail  loaders  are  now  regarded  as  indispensa- 
ble. Tool  grinders  have  displaced  the  old  fashioned 
grindstones,  and  oxyweld  repair  outfits  are  now  used 
where  a  blacksmith  would  have  spent  hours  or 
where  a  broken  tool  or  part  would  have  been 
scrapped.  Wideawake  railway  contractors  are  also 
studying  the  posibilities  of  labor  saving  devices  as 
never  before. 


Why  Are  Air  Hammer  Drills  Not 

Mounted  More  Commonly 

on  Tripods? 

An  air  hammer  drill,  weighing  about  40  lb.,  can 
be  used  to  drill  a  hole  15  ft.  deep  if  mounted  on  a 
tripod  or  quarry  bar;  and  it  requires  but  one  man  to 
operate  it.  A  gang  of  4  or  5  hammer  drillers  needs 
but  one  helper,  whereas  a  similar  gang  of  drill  run- 
ners operating  piston  drills  would  have  a  helper  for 
every  driller.  The  owners  of  certain  marble  quarries 
have  found  it  economic  to  substitute  hammer  drills 
for  piston  drills.  Of  course,  the  diameter  of  an  air 
hammer  drill  hole  is  smaller  than  that  of  a  piston 
drill,  which  is  an  ob,iection  where  heavy  blasts  are  to 
be  fired — unless  the  holes  are  chamfered  at  the  bot- 
tom. But  in  excavating  rock  that  is  not  tough  and 
is  jointed,  it  would  seem  that  tlje  air  hammer  drill 
mounted  on  a  tripod  is  a  tool  that  has  not  been  used  as 
extensively  by  contractors  as  it  should  be. 


Timber  Trackways  for  Motor 
Trucks 

The  economic  operation  of  large  motor  trucks  over 
earth  roadways  is  often  rendered  impracticable  be- 
cause of  the  soft  condition  of  the  soil.  This  is  notice- 
ably   so   where   trucks    are   loaded   with    earth   by   a 


steam  shovel.  In  such  cases  it  frequently  pays  to 
lay  a  timber  trackway,  at  least  across  the  worst  spots. 
Such  a  trackway  may  consist  of  ipxl2  timbers,  two  of 
which,  side  by  side,  form  a  track  for  one  wheel.  Al- 
though the  first  cost  of  such  a  trackway  may  be 
large,  the  salvage  value  of  the  timber  is  considerable. 
Stringers  of  old  freight  cars  and  other  second-hand 
timbers  may  be  frequently  secured  at  a  low  price  for 
such  trackways.  It  should  be  remembered  that  5-ton 
trucks  soon  knock  a  plank  road  to  pieces  unless  its 
stringers  are  well  bedded  In  the  soil,  and  that  rainy 
weather  causes  a  pumping  of  mud  out  from  under 
the  plank;  whereas  heavy  timbers  make  a  trackway 
that  is  easily  kept  in  good  condition  and  is  readily 
shifted  to  a  new  location. 


Give  the  Railways  Higher  Rates 

For  several  years  railway  construction  has  been  al- 
most at  a  standstill,  largely  because  the  Interstate 
Commerce  Commission  and  the  various  state  railroad 
commissions  have  failed  to  permit  the  railways  to 
make  adequate  net  earnings.  New  capital  has  been 
diflicult  to  secure,  for  investors  have  preferred  to  put 
their  money  into  "industrials"  and  "utilities."  Once 
again  the  railways  are  appealing  to  the  I.  C.  C.  for  a 
15  per  cent  increase  in  freight  rates,  this  time  with 
some  show  of  success.  The  present  inadequacy  of  our 
transportation  system  has  been  made  strikingly  ap- 
parent. Since  this  inadequacy  is  directly  traceable  to 
the  inability  of  the  railways  to  sell  new  issues  of 
stock,  the  i.  C.  C.  is  likely  at  last  to  abandon  its 
policy  of  giving  the  railways  only  crumbs  where 
loaves  are  sorely  needed. 


Bids  on  Miami  Valley  (Ohio)  Flood  Con- 
trol Works  Unsatisfactory 

Bid.';  were  opened  Nov.  15  by  the  Miami  Conserv- 
ancy District  of  Daj'ton,  0.,  on -12  contracts  covering 
the  construction  of  flood  control  works  in  the  Miami 
Valley,  involving  6,000,000  cu.  yd.  of  excavation,  9,- 
000,000  cu.  yd.  of  embankment  and  260,000  cu.  yd.  of 
concrete.  All  proposals,  except  on  two  of  the  items, 
were  informal  and  conditioned  on  prices  of  labor  and 
materials,  on  the  attitude  of  the  national  government 
toward  construction  work,  or  on  other  possible  devel- 
opments. Some  of  these  indicated  unit  prices  not  far 
from  the  estimates  of  the  district,  but  the  conditions 
attached  would  make  the  final  price  indefinite.  All 
proposals  were  rejected  except  those  of  R.  H.  &  G.  A. 
McWilliams  on  contracts  41,  43  and  44,  covering  about 
$1,000,000  of  channel  improvements  in  Daji;on.  In 
these  the  conditions  were  such  as  to  make  the  maxi- 
mum cost  about  10  per  cent  over  the  engineers'  esti- 
mate. These  three  proposals  have  not  been  accepted, 
but  are  held  for  further  consideration. 

Proposals  were  received  from:  H.  P.  Converse  & 
Co.,  of  Boston,  Mass.;  United  Dredging  Company,  of 
Seattle.  Wash.;  R.  H.  &  G.  A.  McWilliams,  of  Chi- 
cago, 111. ;  Parsons  Construction  Company,  of  Bing- 
hamton,  N.  Y. ;  M.  C.  Connors  &  Company,  of  Chi- 
cago, 111.;  Winston  &  Company,  of  Richmond,  Va. 

Hunkin-Conkey  Co.,  of  Cleveland,  presented  uncon- 
ditioned proposals  on  two  dams,  but  these  were  re- 
ceived after  the  bids  had  been  opened  and  read,  and 
so  were  not  considered. 


The  Board  of  Water  Supply  of  New  York  City  has 
awarded  the  contract  for  the  construction  of  the 
Shandaken  Tunnel  to  the  Degnon  Contracting  Co., 
Long  Island  City,  N.  Y. 
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International    Alliance    of   Engi- 
neers, Contractors  and  Manu- 
facturers for  Reconstruc- 
tion Work  After 
the  War 

To  the  Editor:  For  some  time  I  have  been  in  cor- 
respondence with  certain  prominent  French  engineers 
concerning  professional  matters  relating  to  recon- 
struction after  the  war.  One  of  them,  a  young  officer 
^n  the  army  now  at  the  front,  and  the  son  of  one  of 
the  best-known  civil  engineers  of  France,  has  been 
asking  me  various  questions  about  how  to  get  in  touch 
w^ith  American  engineers,  contractors,  and  supply 
men.  Not  understanding  exactly  what  he  wanted,  1 
furnished  him  with  the  best  information  I  could,  and 
asked  him  to  explain  more  fully  that  which  he  had  iri 
mind.  In  reply  I  received  a  letter,  from  which,  after 
translating,  I  extract  the  following: 

I  wish  to  prepare  froin  now  on  the  work  which  I  sliall  be  able 
to  occupy  myself  after  the  war,  and  specially  to  enter  into  rela- 
tions with  individual  Americans  or  organizations  of  which  I  be- 
lieve the  collaboration  to  be  necessary. 

The  projects  in  which  I  would  like  to  interest  this  collabora- 
tion are  in  their  great  lines  the  following: 

Reconstruction  of  certain  industrial  districts  devastated  by 
the  war.  and  of  which  the  economic  life  should  retake  an  active 
stride.  For  this  end  there  is  necessary  the  formation  of  a  con- 
struction company  w^hlch  will  become  conversant  with  the  indus- 
tries and  the  municipalities  for  the  purchase  of  suitable  lands 
and  the  preparation  of  the  general  conditions  of  work,  com- 
prising notably: 

Contracts  with  furnishers  of  materials  of  construction  (at  a 
pinch,  equipment  of  auxiliary  manufactories  for  the  preparation 
of  these  materials — bricks,  timber,  lime  and  cement).  Entente 
with  the  public  powers  for  the  establishment  of  surveys  of  towns 
and  the  study  of  questions  relative  to  public  services  (munici- 
pal or  community  constructions,  stations,  bridges  and  roads,  dis- 
tributions, canalization,  etc.).  Negotiations  with  companies  or 
individuals  desirous  of  reconstructing  their  shops  and  their  resi- 
dences. 

The  works  of  construction  properly  so  called  will  be  under- 
taken by  modern  methods,  installations  of  rational  storage  yards, 
and  a  perfected  equipment  permitting  of  producing  in  series  with 
the  maximum  of  rapidity  and  the  minimum  of  hand-labor. 

I  am  convinced  that  the  collaboration  of  American  engineers 
would  be  specially  useful  to  us  in  the  reorganization  of  the  de- 
vastated regions,  on  account  of  their  experience  in  the  matter  of 
city  planning,  their  methods  of  rapid  execution,  and  their  mod- 
ern means  of  action. 

In  particular,  they  will  know  how  to  evolve  suitable  solutions 
of  the  problem  of  workmanship,  of  which  the  crisis  will  be 
very  serious  in  Europe  after  the  war. 

That  collaboration  could  be  exercised — either  by  the  adjunc- 
tion of  American  specialists  to  French  enterprises;  or  by  the 
installation  in  France  of  American  enterprises  to  which  would 
be  joined  French  engineers. 

In  any  case  there  will  be  the  necessity  of  procuring  an  ap- 
propriate equipment  of  works;  and  by  that  term  I  mean  all  the 
outfit  necessary  for  the  works  of  construction  of  cities,  to-wit: 
Concrete  mixers,  cranes,  derricks,  aerial  transporters,  riveters, 
installations  of  electric  power  and  compressed  air.  rolling  stock, 
etc. 

It  will  be  without  doubt  advantageous  to  buy  this  material  in 
the  United  States  to  supplement  the  materials  of  construction 
which  we  shall  lack,  such  as  cement,  wood  and  metallic  con- 
structions. 

In  resume,  in  order  to  be  able  to  -study  from  now  on  the 
realization  of  these  different  points,  I  should  like  to  be  able  to 
enter  into  communication  with  the  following  persons: 

Engineers  specializing  in  the  question  of  construction  of  pri- 
vate, industrial  and  public  buildings,  and,  in  a  general  way,  of 
city  planning.  Contractors  capable  of  coming  to  execute  works 
in  Europe.  Furnishers  of  materials  of  construction.  Individuals 
or  companies  desiring  to  interest  themselves  in  an  enterprise  of 
reconstruction  of  that  kinrl,  either  in  execution,  or  by  partici- 
pating in  financing. 

From  the  preceding  it  is  evident  that  my  corre- 
spondent really  means  business;  and,  consequently,  I 
should  like  to  put  him  in  communication  with  Amer- 


ican engineers,  capitalists,  contractors,  and  supply- 
men,  provided  that  these  gentlemen  also  mean  busi- 
ness, and  that  they  are  properly  equipped  financially 
and  in  other  ways  to  do  the  work  contemplated. 

I  do  not  feel  at  liberty  to  mention  in  print  my  cor- 
respondent's name;  but  through  the  New  York  office 
of  my  firm  I  could  put  in  touch  with  him  any  individ- 
ual or  corporation  of  the  proper  stamp  desiring  to  cor- 
respond with  him.  In  my  opinion,  as  many  arrange- 
ments as  possible  looking  towards  the  international 
alliance  of  engineers  and  others  herein  contemplated 
should  be  made  before  the  close  of  the  war,  so  that 
as  soon  as  peace  is  concluded  the  work  of  reconstruc- 
tion may  be  started. 

Such  a  professional  and  financial  alliance  might  be 
the  means  of  bringing  a  large  amount  of  business 
from  Europe  to  this  country;  consequently,  if  there 
is  anything  I  can  do  to  aid  in  forming  it,  my  services 
and  best  endeavors  will  be  available.  In  self-protec- 
tion, however,  I  must  state  that  I  do  not  want  to  get 
into  correspondence  with  anyone  who  is  merely  look- 
ing for  employment,  nor  with  any  promoter  who  is  not 
directly  able  financially  to  help  in  the  undertaking. 
My  New  York  office  address  is  Room  500  at  165  Broad- 
way. 

J.  A.  L.  Waddell, 

Kansas  City,  Mo.  Consulting  Engineer. 
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A  Foundation  Problem 

To  the  Editor: 

We  are  endeavoring  to  find  some  information  re- 
garding any  previous  successful  solution  of  a  founda- 
tion problem  as  stated  below.  We  are  having  an  ex- 
tensive search  made  in  the  Engineering  Societies'  li- 
brary in  New  York.  We  are  writing  to  a  considerable 
number  of  prominent  contractors  and  engineers  and 
calling  upon  others  to  see  if  they  have  had  personal 
experience  with  or  know  of  any  similar  conditions 
which  have  been  successfully  solved. 

We  desire  to  call  in  consultation  an  engineer  who 
lias  had  the  proper  experience  in  this  direction. 

Our  problem  briefly  consists  in  securing  a  founda- 
tion for  a  dam  and  powerhouse  in  a  valley  where  the 
upward  artesian  flow  is  so  great  as  to  destroy  the  fric- 
tional  resistance  of  round  piling,  60  ft.  long.  The 
water  foUow-s  up  along  the  piles  and  they  settle,  some- 
times at  the  rate  of  an  inch  per  day,  by  their  own 
weight.  In  portions  of  this  same  foundation  area, 
which  is  coffered  and  pumped  down  to  about  15  ft,  be- 
low normal  river  surface,  there  are  locations  where 
the  soil  is  exactly  similar  but  where  the  flow  is  less  or 
not  close  up  to  the  piling,  but  within  10  ft.  of  the  pil- 
ing, and  these  piles  are  each  sustaining,  without  set- 
tlement, loads  of  20  to  25  tons  on  60-ft.  piles  with  7-in. 
points.  Our  problem,  then,  seems  to  be  to  drain  away 
this  artesian  flow  before  it  can  attack  the  piling  in  the 
area  which  we  enclose  with  steel  sheet  piling  about 
40  ft.  in  length. 

We  enclose  extracts  from  our  instructions  and  ex- 
planations to  the  search  engineer  in  New  York,  which, 
will  give  you  further  information  if  you  are  interested 
to  read  it.  Our  thought  is  that  with  your  extensive 
experience  you  might  have  had  or  know  of  a  similar 
case,  or  could  suggest  to  us  a  consultant  who  has. 

We  are  satisfied  in  our  own  minds  that  we  can  ob- 
tain a  foundation  if  we  can  get  rid  of  the  water  under 
pressure,  and  the  problem  is  one  of  practical  details 
for  handling  this  water.  An  explanation  of  the  soil 
conditions  will  be  found  in  the  accompanying  abstract. 
The  means  for  keeping  any  bleeder  wells  from  being 
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clogged   with   the   fine   sand   is   our  present   greatest 

liroblem.  , 

Hydraulic  Engineers. 
[The  extracts  from  the  instructions  to  the  search 
engineer  follow.     We  shall  be  glad  to  hear  from  any 
cf  our  readers  who  have  had  experience  in  a  similar 
case. — Editor.] 


\ 


Extracts  from  Instructions  to  Search  Engineer. 

In  explanation  of  our  problem  would  say  that  one  of  our 
clients  has  started  to  build  a  dam  to  retain  40  ft.  head  of  water 
on  a  river  about  100  ft.  in  width,  with  a  bluff  some  60  ft.  high 
on  one  side  close  up  to  the  river  and  a  lower  bluff  nearby  on 
the  other  side,  with  higher  ground  up  to  100  ft.  or  more  on 
both  sides  of  the  river  within  half  a  mile  of  there.  The  general 
soil  of  the  valley  is  sand  with  occasional  thin  gravel  strata  and 
intermittent  beds  of  clay  of  varying  thicknesses.  A  large  num- 
ber of  wash  borings  have  been  made  in  the  valley  at  a  maximum 
depth  of  about  100  ft  below  present  river  surface.  At  the  dam 
site,  the  typical  section  is  as  follows: 
Beginning   at    the   surface  of   the   river,    fine   sand   and   slit, 

average     25  ft. 

Blue   clay   merging  into  quicksand,    10   to   20    ft 15  ft. 

Clay  with  sand  and  quicksand,  10  to  20  ft 15  ft. 

Then,  medium 'fine  water  silica  sand   45  ft. 

No  holes  have  gone  through  this  sand.  An  analysis  of  the 
sand  shows  the   following: 

GR.\NUL,.\R   ANALYSIS   OF  WATER   SAND   TAKEN   60   TO    TO 

FT.   BELOW  RIVER  SURFACE. 

Clear  opening  Opening 

Test  standard         Per  cent         of  well  Well 

sieve  sieve  passed  by        screen,  screen 

No.  inches.  sieve.  inches.  No. 

20 0.034  98.7  0.035  35 

0.0.30  30 

0.025  25 

30 0.019  67.2  0.020  20 

0.014  14 

50   0.011  15-.0  0.010  10 

O.OOS  8 

SO 0.007  5.3 

100 0.006  1.5  0.006  6 

It  was  the  original  intent  to  drive  sheet  and  round  piles  and 
found  the  structure  in  this  way  on  the  clay  stratum,  which, 
from  the  borings,  was  supposed  to  be  continuous  over  a  con- 
siderable area,  but  some  faults  and  perforations  caused  the 
quicksand  to  come  up  from  below,  and  eventually  the  clay  settled 
before  any  round  piling  had  been  driven.  Settlement  to  date 
has  been  about  7  ft.  maximum,  in  the  upstream  comer  of  the 
.^^foundation  area,  next  to  the  high  bluff,  which  is  on  the  right 
hand  side  of  the  river. 

It  was  then  planned  to  open  up  sufficient  holes  through  this 
clay  to  bleed  out  the  quicksand  and  similar  materials  and 
allow  the  clay  to  settle  onto  the  water  sand  below  and  to  drive 
piles  60  ft.  to  70  ft.  long  reaching  down  into  the  water  sand. 
Some  50  to  65  ft.  test  piles  have  been  driven.  One  of  these  is 
driven  at  a  point  where  the  quicksand  had  all  disappeared  owing 
to  the  action  of  the  flow  upward.  This  pile  was  carefully  loaded 
and  it  settled  9/16  in.  during  loading  and  up  to  48  hours.  In 
the  four  days  following,  to  date,  there  has  been  no  further 
settlement  under  20-ton  load,  although  there  was  some  con- 
siderable spring  coming  up  about  5  ft.  away.  The  second  pile 
was  in  the  region  of  greatest  settlement  in  upstream  corner, 
next  to  high  bluff  where  real  quicksand  had  disappeared.  This 
pile  was  surrounded  by  six  others  in  a  circle,  about  3-ft.  radius, 
to  approximate  the  conditions  that  would  obtain  after  the  piles 
for  the  foundation  were  driven.  The  flow  at  this  point  was  so 
excessive  that  the  frictional  resistance  is  quite  low,  and  these 
piles  are  settling  from  their  own  weight  at  the  rate  of  an  inch 
or  more  per  day. 

The  discharge  from  the  area  of  present  cofferdam,  which  is 
roughly  100  by  200  ft.,  amounts  to  500  to  1000  gal.  per  minute. 
The  pit  is  at  present  pumped  down  to  about  15  ft.  below  river 
surface.  There  v.as  no  evidence  of  springs  at  the  site  before 
the  low  clay  stratum  was  punctured  by  drill  holes  and  piling. 

We  would  explain  in  general  regarding  the  watershed  of  this 
river  that  most  of  the  rainfall  comes  to  the  river  by  under- 
ground flow.  There  are  only  three  or  four  tributaries  in  a 
distance  of  60  miles,  the  largest  of  about  100  c.  f.  s.,  the  next 
of  about  25  c.  f.  s..  and  the  others  less  than  12  c.  f.  s.  normal 
flow,  but  throughout  the  length  of  the  stream  there  are  springs 
and  a  trickle  of  water  nearly  everywhere  along  the  banks. 

A  few  miles  further  downstream  thei-e  is  a  heavy  clay  bed. 
extending  for  many  miles  and  coming  to  the  water  surface  or 
higher,  on  W'hich  we  have  built  three  successful  dams  and  are 
building  a  fourth,  heads  up  to  40  ft. 

There  is  no  rock  within  several  hundred  feet  from  river 
surface,  and  it  is  inexpedient  to  go  to  greater  depth  than  100 
ft.,  and  probably  not  for  more  than  CO  or  75  ft.,  for  any  form 
of   a   foundation.     Our   problem,    therefore,    seems   to   be    to    find 


means  to  drain  away  this  artesian  flow  in  the  foundation  area 
and  prevent  the  rise  of  quicksand  and  other  fine  material,  and 
prevent,  also,  the  following  of  water  up  along  the  piling,  reduc- 
ing the  frictional  resistance.  The  object  of  our  search,  then,  is 
to  be  put  in  touch  with  actual  situations  approximating  these 
conditions. 

We  would  look  with  most  favor  on  American  data  not  over 
20  years  of  age,  as  it  is  usually  difficult  to  follow  up  older  data 
and  secure  sufficient  details  to  serve  our  purpose.  Also,  at  the 
present  time  it  will  be  diflicult  to  follow  up,  within  a  reason- 
able period,  any  foreign  data  or  get  in  touch  with  the  actual 
construction  organization,  but,  cf  course,  where  the  published 
data  is  sufficiently  complete,  it  would  be  of  interest. 


Comments  on  "Extra  Work" 
Clauses 

To  the  Editor:  In  the  Engineering  and  Contracting 
issue  of  Oct.  17,  1917,  is  an  interesting  article  on  the 
"Extra  Work"  clause  of  the  Miami  Conservatory  Dis- 
trict of  Ohio. 

•  This  in  general  is  an  excellently  worded  clause  and 
reflects  credit  on  the  engineer  responsible  for  it,  ex- 
cept for  one  item  as  follows.  The  clause  takes  for 
the  use  and  benefit  of  the  conservancy  district  the 
following  expenditures  of  the  contractor,  without 
pay : 

1.  Overhead  charges.  2.  General  superintendence. 
3.  General  expenses.  4.  Contingencies.  5.  Deprecia- 
tion of,  wear  and  tear  upon  plant.  6.  Maintenance  of 
contractor's  camp,  except  in  case  such  camp  be  main- 
tained primarily  for  extra  work. 

This  discussion  is  predicated  on  the  assumption 
that  the  10  per  cent  or  15  per  cent  extra  paid  to  the 
contractor  is  paid  for  the  benefit  derived  by  the 
owner  for  the  use  of  the  contractor's  personal  time 
and  business,  engineering  and  executive  abilities, 
knowledge  and  experience  to  organize  a  construction 
force,  to  buy  materials,  through  the  use  of  his  finan- 
cial credit  and  capital,  and  to  be  the  agency  through 
which  the  desired  work  is  constructed.  These  are 
things  which  the  existence  of  a  contract  between  the 
parties  is  conclusive  evidence  that  the  owner  or  en- 
gineer desires  from  the  contractor  and  for  which  the 
contractor  is  paid. 

Items  1-6  above  are  outside  this  range  of  activity 
fully  as  much  as  the  manual  labor  itself  entering  into 
the  extra  work. 

Engineers  who,  as  contractors,  have  made  expen- 
ditures under  these  five  items,  and  by  accurate  book- 
keeping charged  to  the  extra  work  its  proper  expense, 
will  realize  that  the  small  residue  left  of  the  10  per 
cent  or  15  per  cent  remuneration  may  not  be  an  ade- 
quate payment  for  undertaking  the  extra  work. 

Why  should  an  engineer  saddle  upon  a  contractor 
the  unknown  and  unlimited  "contingencies"?  Why 
should  an  engineer  take  and  use  and  wear  out  a  con- 
tractor's plant  free  of  cost? 

Let  him  pay  as  such  for  services  rendered  in  an 
open  and  above-board  manner,  and  not  make  a  con- 
tractor's pay  a  speculation  as  to  whether  the  10  per 
cent  or  15  per  cent  will  be  an  actual  loss  or  an  ade- 
quate remuneration  for  all  the  contractor's  services. 

The  elimination  of  all  possible  uncertainty  of  ex- 
pense to  a  contractor  will  redound  to  the  benefit  of 
the  owner  by  a  lowering  of  contract  prices.  Many  a 
bid  contains  prices  raised  to  cover  the  unknown 
charges  which  experience  has  taught  contractors  will 
ensue  from  the  otherwise  unpaid  expense  of  doing 
extra  work. 

It  is  clauses  like  this  one  in  question  which  cause 
some  contractors  to  feel  that  the  engineer  is  legiti- 
mate prey  to  overcome  by  any  and  all  means.  It  is 
not  good  business  for  an  engineer  to  write  a  code  of 
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ethics  and  pose  as  an  altruistic  judge  between  owner 
and  contractor  when  he  voluntarily  becomes  the  own- 
er's servant  and  writes  into  a  contract  a  clause  which 
throws  concealed  and  variable  charges  upon  the  con- 
tractor. Victor  Windett. 
Chicago,  111. 


Why  Some  Contractors  Fail  to 
Make  Money 

From  time  to  time  there  is  extended  discussion  of 
why  contractors  fail  to  make  money.  One  sees  dis- 
cussions of  the  subject  bearing  on  almost  all  phases 
of  the  matter,  but  rarely  is  there  any  question  as  to 
the  competency  of  the  men  who  hold  the  contracts. 
And,  indeed,  this  is  not  a  surprising  thing,  for  con- 
tracting is  an  honorable  and  an  honored  business, 
and  many  who  engage  in  it  are  among  the  leading 
men  of  the  day. 

On  the  other  hand,  many  small  undertakings,  es- 
pecially in  the  line  of  public  works,  fall  into  the 
hands  of  men  who  are  not  possessed  of  great  experi- 
ence and  who,  no  matter  how  well  they  intend  to  do. 
are  nevertheless  handicapped  by  this  lack  of  experi- 
ence. This  has  occurred  to  the  writer  repeatedly  a? 
he  has  had  occasion  to  visit  small  jobs  and  has  had 
opportunity  to  observe  the  wonderfully  low  efficiency 
in  handling  men  which  many  small  jobs  show,  and  it 
has  often  been  a  question  in  his  mind  as  to  whether 
the  ordinary  foreman  knows  how  to  find  out  even  the 
most  elemental  facts  as  to  how  steadily  his  men  are 
working. 

One  very  good  way  to  do  this  is  to  find  a  place 
where  one  can  watch  a  force  of  men  at  work  with- 
out being  too  closely  observed  and  then  count  the  idle 
men,  the  count  being  repeated  every  minute  over  a 
period  of  15  or  20  minutes  and  repeated  two  or  three 
times  a  day.  Thus  on  a  job  in  Iowa  the  following 
record  was  recently  made: 

On  the  job:  One  foreman,  1  inspector,  8  laborers, 
in  sight.  (There  were  two  or  three  others  on  the  job 
who  could  not  be  seen  from  the  point  where  the 
counts  were  made.) 
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The  unescapable  impression  which  this  simple 
count  gives  is  that  more  than  half  of  the  time  of  the 
men  employed  on  this  job  was  being  lost.  If  to  this 
one  adds  the  time  of  the  foreman  who  in  this  case 
did  nothing  but  "boss  the  job"  the  condition  of  affairs 
seems   even  worse. 

There  is  nothing  new  or  original  in  this  simple 
count  to  determine  the  elementary  question  as  to  how 
much  positively  wasted  time  there  is  on  a  job,  but  if 
more  contractors  would  adopt  it  there  would  be  more 
of  an  effort  to  save  labor  by  arrangements  of  the 
force  which   would  eliminate  the   lost   labor. 

On  the  job  in  question,  a  mixer  was  running  at  full 
speed  during  the  whole  period  of  the  count.  It  had 
been  running  for  some  hours  before  the  count  was 
taken  and  ran  on  after  the  count  was  made.  Three 
of  the  eight  men  fed  sand  and  gravel  to  the  mixer. 
The  sand  and  gravel  were'  not  separate,  but  were 
mixed  togethei%  the  aggregate  being  a  run  of  pit  ma- 
terial   used    without   screening.      One   of   these   men 


was  always  idle.  Two  should  'have  fed  the  mixer 
with  ease  even  though  it  seemed  that  the  aggregate 
had  been  unloaded  farther  from  the  mixer  than  was 
necessary  or  advisable. 

One  man  brought  cement  to  the  mixer.  He  was  a 
dead  expense,  and  idle  over  half  of  the  time.  The 
cement  could  just  as  well  have  been  unloaded  on  a 
platfoi'm  where  the  man  who  tended  to  the  mixer 
could  have  gotten  at  it  without  assistance. 

Another  man  pumped  water  for  the  mixer.  A  small 
power  pump  connected  to  the  mixer  engine  should 
have  handled  this  work.  This  man  was  idle  two- 
thirds  of  the  time. 

The  man  to  tend  the  mixer  was  needed,  but  the  man 
who  dumped  the  mix  and  shoved  it  down  a  trough  set 
at  a  light  slope  when  it  should  have  been  set  steep 
enough  to  permit  the  concrete  to  run  or,  better  still, 
when  the  mixer  should,  as  in  this  case,  have  dumped 
direct  into  the  forms,  was  a  dead  loss. 

The  man  who  tamped  the  concrete  in  the  forms 
was  needed,  but  he  should  have  also  tended  to  dump 
ing  the  batches  as  they  were  mixed.  Thus,  careful 
management  would  have  cut  this  force  of  8  men  to 
4  men  and  it  is  not  asserting  too  much  to  say  that 
none  of  the  four  would  have  been  overworked. 

Inquiry  was  made  as  to  the  financial  side  of  this 
job.  It  had  lost  money!  No  wonder.  Using  two  men 
to  do  one  man's  work  is  seldom  profitable. 


Possession  of  Explosives  Now  Illegal  Except 
Under  U.  S.  License 

A  war  measure  of  particular  interest  to  contrac- 
tors and  quarrymen  went  into  effect  on  Nov.  15.  The 
measure  provides  that  everyone  who  handles  explo- 
sives must  have  a  license.  The  manufacturer,  the 
importer,  and  the  exporter  must  have  licenses  issued 
by  the  Bureau  of  Mines  in  Washington.  The  seller 
of  explosives  and  the  purchaser  of  explosives  must « 
also  have  licenses,  these  to  be  issued  generally  by 
county  clerks  or  other  local  officers  who  are  author- 
ized to  administer  oaths.  There  will  be  at  least  one 
licensing  officer  in  each  county,  and  more  agents  will 
be  designated  if  the  county  is  sufficiently  large  to 
warrant  it.  If  a  State  has  laws  providing  for  a  sys- 
tem of  licensing  persons  manufacturing,  storing,  sell- 
ing, or  using  explosives,  the  State  officials  authorized 
to  issue  such  State  licenses  will  be  designated  as 
Federal  licensing  agents;  also  city  officials  qualified 
to  issue  city  explosives  licenses  will  be  given  author- 
ity to  issue  Federal  licenses.  A  Federal  license  will 
not  relieve  any  person  from  securing  licenses  re- 
quired under  State  laws  and  local  ordinances.  In 
each  State  there  will  be  appointed  a  State  explosives 
inspector,  who  will  represent  the  Bureau  of  Mines 
in  the  administration  of  the  law  within  the  State. 
Only  citizens  of  the  United  States  or  of  countries 
friendly  to  the  United  States  and  the  allies  may  so 
obtain  licenses.  Contractors,  mining  companies,  quar- 
rymen, and  others  using  large  quantities  of  explosives, 
which  are  handled  by  employes,  may  issue  explo- 
sives to  their  employes  only  through  those  employes 
holding  a  license  called  a  foreman's  license.  The 
purchaser  of  dynamite  in  obtaining  a  license  must 
state  definitely  what  the  explosive  is  to  be  used  for 
and  will  be  held  accountable  for  its  use  as  stated  and 
the  return  of  any  explosives  that  may  be  left.  With 
the  strict  enforcement  of  this  law,  the  Federal  au- 
thorities hope  to  prevent  explosives  falling  into  the 
hands  of  evilly  disposed  persons  and  to  put  a  stop 
to  all  further  dynamite  plots. 
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The  Housing  and  Feeding  of 
Construction  Forces 

At  the  recent  convention  of  the  American  Railway 
Bridge  and  Building  Association  an  excellent  paper 
on  the  housing  and  feeding  of  bridge  and  building 
maintenance  of  way  crews  was  presented  by  Mr.  F. 
E.  Weise,  Chief  Clerk,  Engineering  Department,  Chi- 
cago, Milwaukee  &  St.  Paul  Ry.  The  paper  contains 
so  many  suggestions  of  interest  to  construction  engi- 
neers and  contractors  that  it  is  reprinted  below,  prac- 
tically in  full. 

When  it  has  been  decided  that  a  camp  is  to  be  es- 
tablished the  site  of  the  work  should  be  examined 
carefully,  and  the  location  of  the  camp  determined  by 
considering  the  conditions  that  will  make  it  habitable. 
Location,  water  supply,  drainage  and  sanitation 
should  be  given  careful  stud}-. 

If  the  camp  is  to  be  located  on  the  railway  com- 
pany's right  of  way,  the  space  may  be  limited  and 
the  buildings  will  have  to  be  placed  in  a  row.  If  so, 
the  office  building  should  always  be  placed  between 
the  dining  and  the  sleeping  quarters.  In  some  cases 
sufficient  unused  land  is  available  so  as  to  allow  a 
more  compact  arrangement,  and  in  others  the  physical 
conditions  will,  in  large  measure,  control  the  layout. 
Camp  buildings  should  be  located  on  high  ground 
whenever  practicable  so  that  the  natural  drainage  is 
away  from  the  buildings  and  insures  rapid  drying  out 
after  rains.  The  arrangement  of  the  buildings  and 
the  plan  of  the  buildings  themselves  will  depend  some- 
what on  the  location,  the  material  that  is  available 
for  their  construction  and  the  season  of  the  year  dur- 
ing which  the  camp  is  to  be  in  use.  If  the  camp  is  to  be 
in  operation  during  the  winter  as  well  as  the  summer 
the  buildings  must  be  of  a  more  substantial  type  that 
will  withstand  stormy  weather  and  keep  out  the  cold. 
A  camp  which  is  to  be  used  only  a  few  months  in  the 
summer  time  may  be  of  a  very  temporary  form  of  con- 
struction. Most  large  pieces  of  work  requiring  con- 
struction camps  are  apt  to  e.xtend  over  a  period  of  a 
year  or  more,  and  while  the  buildings  are  styled  tem- 
porary buildings,  they  must  be  substantially  built. 

All  camp  buildings  should  be  built  high  enough 
above  the  ground  to  enable  a  man  to  clean  up  under- 
neath. The  space  under  the  building  is  then  easily 
inspected  and  no  old  clothes  or  rubbish  should  be  al- 
lowed to  accumulate.  In  the  autumn  this  space  should 
be  enclosed  as  a  protection  against  cold.  The  build- 
ings should  be  equipped  with  stoves  or  other  heating 
apparatus,  not  only  for  the  warmth  of  the  occupants, 
but  to  dry  the  rooms  out  in  damp  weather. 

The  office  building  should  be  of  construction  simi- 
lar to  the  other  camp  buildings,  and  large  enough  to 
provide  for  an  office  for  the  transaction  of  business 
and  the  performance  of  the  necessary  clerical  work 
and  drafting,  and  a  storeroom  for  the  camp  supplies 
and  the  commissary.  Sleeping  quarters  for  the  engi- 
neer and  office  force  should  also  be  provided,  either  in 
the  same  building,  or  in  a  lean-to  communicating 
with  it. 

Dining  Room  and  Kitchen. — For  the  average  camp, 
the  dining  room  and  kitchen  should  be  in  one  build- 
ing and  separated  by  a  partition.  In  the  dining  room 
end  sufficient  tables  should  be  provided  so  that  the 
entire  force  may  be  served  at  one  time.  When  the 
camp  is  not  too  large,  the  building  should  be  long 
and  narrow,  the  dining  room  being  at  one  end  and 
the  kitchen  at  the  other  with  entrances  at  each  end 
and  a  communicating  door  between  the  kitchen  and 
dining  room.    The  dining  room  should  be  wide  enough 
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to  provide  for  two  long  tables  at  the  sides  with  an 
ample  aisle  between,  which  will  permit  waiters  to 
pass  back  and  forth  freely.  T^iis  form  of  building 
can  be  loaded  on  a  flat  car  and  transported  from  one 
location  to  another.  For  larger  camps  it  may  be  bet- 
ter to  construct  the  building  in  the  shape  of  a  "T," 
in  which  the  dining  room  is  one  large  room  and  the 
kitchen  an  annex  at  the  center  of  one  side. 

Another  good  plan  consists  of  three  adjoining  build- 
ings placed  in  the  form  of  a  letter  "U,"  and  provides 
for  two  separate  dining  rooms  with  a  common  kitchen. 
This  plan  is  desirable  where  the  force  is  apt  to  fluc- 
tuate. When  the  force  is  small,  one  dining  room  may 
be  closed,  and  as  the  work  nears  completion,  one 
building  may  be  removed  without  interfering  with  the 
camp  routine. 

Whatever  the  arrangement  decided  upon,  provide 
liberally  for  windows,  in  order  that  in  cold  weather, 
the  dining  room  will  be  well  lighted  and  in  hot  weath- 
er the  windows  can  be  thrown  open.  Nothing  is  more 
conducive  to  cleanliness  than  plenty  of  light,  and  it 
is  the  common  experience  that  rubbish  will  accumu- 
late in  dark  places.  Screens  for  windows  and  doors 
are  an  absolute  necessity,  and  a  constant  effort  must 
be  made  to  eliminate  flies,  ants,  roaches  and  other 
pests.  Frequent  scrubbing  with  a  liberal  use  of  hot 
water  and  soap  will  be  of  great  help,  and  a  good  rule 
is  to  scrub  the  kitchen  every  day  and  the  dining  room 
twice  a  week.  The  dining  room  and  kitchen  floors 
should  be  swept  after  every  meal. 

It  is  usual  to  provide  long  tables  about  30  in.  wide 
with  long  benches  at  each  side.  Sometimes  smaller 
tables  are  provided,  seating  four  to  six  men  each,  but 
it  is  found  that  this  plan  requires  more  waiters  and 
that  the  men  cannot  be  served  as  quickly.  It  will  be 
found  more  satisfactory  to  the  men  to  eat  at  the  same 
table  with  those  they  work  with  and,  therefore,  each 
man  is  assigned  to  a  definite  place  by  the  clei-k  in 
charge  of  the  camp.  The  tables  should  be  strongly 
built  and  the  top  at  least  made  of  surfaced  lumber 
in  order  that  it  may  be  kept  clean. 

Kitchen  Utensils,  Dishes,  Etc.— Considerable 
thought  should  be  given  to  the  selection  of  this  part 
of  the  outfit.  The  kitchen  utensils  should  be  chosen 
for  their  utility.  They  are  in  constant  use  and  must 
be  strong  and  durable.  Without  being  unnecessarily 
extra vagent,  select  ware  that  can  mo.st  easily  be  kept 
clean.  A  little  expenditure  on  quality  is  a  good  in- 
ve.stment  here,  because  the  cook  and  his  helpers  will 
take  pride  in  keeping  good  equipment  in  good  condi- 
tion. 

The  dishes  in  the  dining  room  should  be  of  a  good 
grade  of  heavy  china  or  crockery.  Tin  or  enameled 
dishes  have  found  favor  in  the  past  because  of  their 
overrated  quality  of  unbreakableness,  but  this  is  more 
than  offset  by  their  disadvantages.  Tin  dishes  are 
hard  to  keep  clean,  or  at  any  rate  clean  looking.  Steel 
knives  rubbing  on  tin  or  enamel  produce  a  disagree- 
able and  irritating  noise,  and  also  are  apt  to  chip  off 
the  enamel.  They  allow  the  food  to  get  cold  too 
quickly. 

Not  only  can  crockery  be  kept  clean  more  easily,  but 
it  adds  more  to  the  meal  than  at  first  thought  seems 
possible.  An  office  man  may  find  it  a  little  difficult 
to  appreciate  this.  Should  he  go  on  a  hunting  or  fish- 
ing trip  for  a  few  days,  he  rather  enjoys  having  his 
meals  served  in  tin  dishes.  As  a  matter  of  fact,  it  is 
the  novelty  of  the  change  that  he  enjoys.  Unaccus- 
tomed activities,  together  with  unlimited  fresh  air, 
make  him  so  ravenously  hungry  that  he  takes  no  ac- 
count of  the  service.     How  long  would  the  novelty 
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last?  The  man  in  the  construction  camp  is  in  a  dif- 
ferent position.  Camp  life  is  his  daily  existence,  and 
there  is  a  natural  craving  for  better  things.  The 
same  food  will  be  twice  as  appetizing  if  served  on 
crockery  than  if  served  on  tin  or  enamel,  and  it  makes 
the  man  feel  that  he  is  considered  somebody.  Actual 
experience  shows  that  the  breakage  of  crockery  is 
not  large  and  that  its  expense  is  not  much  greater 
than  other  ware.  The  following  list  will  serve  as  a 
guide  in  preparing  for  the  first  requirements  of  a 
camp  of  about  50  men: 

KITCHEN   UTEXSILS. 

1  Range  for  coal,   28".\54".  2  Roasting   pans,    22"x22". 

2  Griddle  irons,  16"x24".  2  Cal<e   turners. 

6  Galvanized  pails,  12  qt.  2  Galvanized   tubs. 

2  Washboards.  1  Stock  pot,   5-gal. 

2  Stock  pots.  10-gal.  1  Boiler.   20". 

6  Sauce  pans,   6',^-qt.  6  Colanders. 

4  Dish  pans,  .10-iil.  6  Pudding  pans. 

4  Frying  pans,  12".  4  Soup  ladels. 

1  Skimmer.  2  Basting  spoons,  IS". 

2  Flesh  forks.  6  Water  dippers,   1-qt. 
2  Funnels.  1  Measure.   1-gal. 

12  Pie   tins.   9".  6  Bread  pans.  ll"xT". 

12  Coffee  pots.  2  Potato  mashers. 

1  Pot  chain.  1  Flour  shaker. 

1  Flour  scoop.  1  Grater. 

1  Nutmeg  grater.  1  Egg  whip. 

2  Rolling  pins.  1  Cutting  board,  lS".x21". 
1  Pastry  brush.  1  Meat  chopper. 

3  Can  openers.  12  Tin  cups. 

1  Coffee  strainer.  1   Scale  with  scoop. 

2  Butcher   knives.  2  Bread   knives. 

6  Paring  knives.  1  Butcher's   steel. 

1  Cleaver.  1   ^Teat  saw. 

X  Ice  pick.  1  Ice  tongs. 

i;  Scrub   brushes.  (i  Wash  basins. 

12  Dish  towels.  24  Roller  towels. 

]•'  "Waiters'   aprons.  2  Mirrors.    S"xl2". 

1  Alarm   clock. 

DINING  ROOM. 

■  Crockery. 

60  Coffee   cups.  60  .Saucers. 

60  Dinner  plates  6  Platters.    13". 

6  Platters.   llVs".  36  Vegetable   dishes. 

60  SoUD    bowls.  12  Sugar  bowls. 

12  Butter  dishe.s.  6  Milk  pitchers. 

0  Water  pitchers.  60  Sauce  dishes. 
Glassware. 

6  Vinegar  cruets.  6  Syrup   jugs. 

6  Salt  shakers.  6  Pepper  shakers. 
60  Water  tumblers. 

Cutlery. 

60  Knives.  60  Teaspoons 

60  Tablespoons.  fiO  Forks. 

Kitchen. — Whether  the  kitchen  is  part  of  the  same 
building  or  not,  it  should  communicate  directly  with 
the  dining  room,  but  be  separated  from  it  by  a  parti- 
tion and  a  screen  door.  There  should  be  a  door  op- 
posite the  dining  room  through  which  supplies  and 
fuel  are  received  and  refuse  taken  out.  It  should  also 
be  provided  with  plenty  of  windows  and  a  ventilator 
int  order  that  the  heat  and  odors  from  the  range  may 
be  kept  from  the  dining  room.  In  the  summer  time 
the  windows  and  doors  should  be  screened.  The 
kitchen  should  be  equipped  with  a  range,  serving 
table,  sink  for  washing  dishes,  cupboard,  shelving  and 
a  pantry.  The  pantry  is  used  to  store  such  supplies 
as  are  required  from  day  to  day,  but  not  in  any  large 
quantity.  The  large  stock  of  supplies  should  at  all 
times  be  kept  in  the  storeroom  that  connects  with 
the  oflice,  and  the  cook  will  draw  therefrom  what  is 
needed  from  day  to  day. 

The  cook  and  his  helpers  should  have  sleeping  quar- 
ters either  in  the  main  building  or  adjoining  the  din- 
ing room,  but  if  in  the  same  building,  they  should  be 
completely  partitioned  off  from  the  dining  room,  and 
the  door  be  kept  closed. 

A  refrigerator  should  be  provided,  and  it  will  be 
best  to  have  this  a  separate  building  located  conve- 
niently to  the  kitchen.  This  can  easily  be  constructed 
from  matched  lumber.  The  one  shown  in  Fig.  1  is  in- 
expensive and  easily  built. 

For  a  camp  lasting  several  seasons,  a  cellar,  roofed 
over  and  covered  with  earth,  will  provide  an  excellent 
place  for  keeping  potatoes,  beets,  turnips  and  other 
vegetables. 


The  force  required  for  a  camp  of  about  150  men  will 
consist  of  a  cook,  three  flunkies  and  a  commissary 
clerk.  Larger  camps  will  require  additional  help  in 
proportion.  Much  depends  upon  the  cook  in  the  con- 
duct of  the  camp,  not  only  in  providing  satisfactory 
meals,  but  also  in  keeping  the  expenses  within  proper 
limits.  In  small  camps  and  where  the  cook  is  found 
to  be  thoroughly  reliable,  it  may  be  practical  to  fur- 
nish him  supplies  from  day  to  day  without  keeping  a 
daily  record,  but  in  the  larger  camps,  it  is  necessary 
to  require  him  to  make  requisitions  for  such  supplies 
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Fig.    1  —  Inexpensive  and    Easily   Built   Refrigerator 


as  he  needs  to  equip  the  pantry  from  day  to  day. 
These  orders  are  filled  by  the  commissary  clerk,  who 
enters  the  prices  opposite  each  item,  thereby  keeping 
in  touch  with  the  daily  expense  of  the  camp.  The 
commissary  clerk  is  to  k«ep  records  of  all  supplies 
received  from  day  to  day,  and  of  all  supplies  turned 
over  to  the  cook  each  day,  and  on  the  morning  of  the 
first  day  of  the  month  he  is  to  make  an  inventory  of 
all  supplies  on  hand.  At  the  time  the  inventory  is 
taken,  he  will  make  up  a  statement  showing  the  cost 
of  the  supplies  used  for  meals,  and  all  other  expenses 
in  connection  with  the  camp,  such  as  oil,  fuel,  wages, 
etc.  He  will  keep  a  record  of  the  number  of  meals 
served  each  day,  and  at  the  end  of  the  month  will 
make  up  a  complete  statement  showing  the  expense 
of  the  camp  for  the  current  month,  the  number  of 
meals  served,  and  the  average  cost  per  meal,  and  also 
the  same  information  for  the  entire  period  since  the 
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Fig.   2 — Layouts   of    Bunk    Hoiises   and    Bath    House. 

opening  of  the.  camp.  Blank  forms  are  submitted 
which  are  all  very  simple  and  need  no  further  elab- 
oration. 

The  store  room  and  refrigerator  should  at  all  times 
be  stocked  with  a  liberal  supply  of  food,  but  kept 
well  under  control  for  fear  of  encouraging  extrava- 
gance or  waste  on  the  part  of  the  cook  and  his  help- 
ers. Arrangements  should  be  made  for  securing  fresh 
meats  at  stated  intervals  and  fresh  vegetables,  but- 
ter, eggs  and  milk  can  usually  be  provided  for  locally. 
Local  purchases  must  be  paid  for  in  cash  from  day  to 
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day  and  a  working  fund  will  be  required  to  take  care 
of  them.  The  cook  will  perhaps  prefer  to  use  canned 
goods  almost  entirely  because  of  the  ease  with  which 
they  can  be  prepared  for  the  table,  but  it  is  more  eco- 
nomical and  better  for  the  men  to  use  fresh  vege- 
tables when  in  season. 

The  bill  of  fare  will  need  quite  a  little  study  and 
consideration.  While  it  is  planned  to  give  each  man 
a  sufficient  amount  of  good,  plain  and  substantial 
food,  properly  cooked,  at  each  meal,  care  should  be 
taken  not  to  serve  the  same  thing  every  day,  but  to 
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provide  the  variety  necessary  to  everyone.  Many  of 
the  complaints  made  of  the  food  may  be  traced  di- 
rectly to  a  lack  of  variety  and  not  to  the  quality  of 
the  food  or  the  way  in  which  it  was  prepared.  It  will 
be  found  that  most  men  crave  pies,  puddings  and  pas- 
try, and  it  will  be  found  necessary  to  use  discretion 
in  the  matter.  A  little  extra  attention  to  these  mat- 
ters on  Sundays  and  holidays  will  go  a  long  way  to- 
ward keeping  up  a  good  feeling  in  the  camp. 

It  is  quite  generally  the  custom  to  provide  free 
meals  for  the  engineer  in  charge,  the  commissary 
clerk,  the  cook,  the  flunkies  and  the  camp  help,  but 
the  practice  should  not  extend  beyond  that.  All  others 
should  either  pay  for  their  meals  in  cash  or  sign  or- 
ders for  deductions   from  the  payrolls.     The  board- 
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ing  of  transients  should  be  discouraged,  but  when 
this  is  necessary  they  should  pay  a  higher  price  per 
meal  than  the  regular  force  in  order  that  they  may 
share  in  the  supervision  expense  which  is  not  covered 
in  the  prices  charged  the  workmen. 

Meals  should  be  served  at  regular  hours  and 
promptly,  and  it  should  be  the  aim  at  all  times  to  give 
the  best  possible  service  that  conditions  will  permit. 
Special  attention  should  at  all  times  be  given  to  clean- 
liness. Waiters  must  be  instructed  to  put  on  clean 
aprons  before  each  meal.    After  the  meal  is  finished. 


the  dishes  are  collected  and  taken  to  the  sink  where 
they  are  thoroughly  washed  with  hot  water  and  soap. 
Many  of  the  minor  ailments  of  men  in  a  camp  may  be 
traced  to  the  improper  washing  of  dishes.  The  floors 
of  the  dining  room  and  kitchen  must  be  swept  after 
each  meal.  The  tables  are  to  be  scrubbed  with  soap 
and  hot  water  after  each  meal,  the  dining  room  twice 
each  week  and  the  kitchen  floor  every  day.  After  the 
dishes  are  washed  they  are  put  in  place  on  the  tables 
ready  for  the  next  meal,  and  the  whole  covered  with 
suitable  cloths.  Dish  cloths  and  towels  are  to  be 
thoroughly  washed  in  boiling  water  after  each  meal 
and  then  dried. 

Garbage. — Garbage  should  not  be  allowed  to  accu- 
mulate. A  barrel  having  a  tight-fitting  cover  should 
be  provided,  and  in  this  all  of  the  garbage  is  col- 
lected. Once  a  day  this  barrel  should  be  taken  to  a 
considerable  distance  from  the  camp  and  the  contents 
buried,  or  better  still,  burned.    A  garbage  incinerator 
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can  be  constructed  easily  and  cheaply,  and  it  is  by 
far  the  more  desirable  plan. 

Water  Supply. — If  a  well  of  good  drinking  water 
can  be  secured,  it  will  be  found  a  wonderful  asset  to 
the  camp.  The  well  should  be  located  not  nearer  than 
100  ft.  from  any  camp  building,  and  preferably  more, 
.  and  if  possible  on  a  rise  of  ground.  It  should  be 
curbed  at  least  1  ft.  above  the  ground  level,  and  the 
surrounding  space  filled  in  with  earth  to  slope  away 
from  the  well.  It  should  be  properly  covered  and  pro- 
tected so  that  nothing  may  be  thrown  into  it  that  will 
pollute  the  water.  It  goes  without  saying  that  out- 
houses and  the  disposal  of  garbage  should  be  kept  at 
a  safe  distance,  not  less  than  200  ft.  away. 

Sometimes  a  good  spring  is  located  in  the  near  vi- 
cinity and  the  water  can  be  piped  to  the  camp.  Should 
the  camp  be  so  located  that  water  from  a  river  or 
lake  must  be  used,  the  problem  becomes  more  serious, 
and  extraordinary  precautions  must  be  taken  to  keep 
the  water  from  being  polluted.  Water  taken  from  a 
lake  or  river  must  usually  be  boiled  before  it  is  used 
for  drinking. 

Commissarj-  Store. — It  is  sometimes  necessary  that 
a     commissary    store    be    run    in    connection    with 
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the  camp,  especially  when  the  camp  is  locat- 
ed at  some  distance  from  a  town.  This  com- 
missary store  is  to  be  in  charge  of  the  com- 
missary clerk,  and  should  carry  in  stock  such 
goods  as  are  most  frequently  called  for  and  used  by 
the  men,  such  as  overalls,  shirts,  socks,  blankets, 
heavy  shoes,  o'vershoes,  and  standard  brands  of  to- 
bacco. This  list  may  be  extended  as  warranted  in  the 
judgment  of  the  engineer,  but  in  no  case  should  it  in- 
clude liquor  of  any  kind. 

When  a  camp  and  commissary  store  are  run  by  the 
railway  company,  it  is  not  for  the  purpose  of  mak- 
ing a  profit,  but  care  should  be  used  to  see  that  it  is 
not  run  at  a  loss.  For  that  reason  careful  account- 
ing is  necessary,  and  precautions  should  be  taken  to 
prevent  petty  thievery  or  grafting. 

A  commissary  should  not  be  run  in  competition  with 
a  local  store.  In  the  first  place,  the  conduct  of  a 
commissary  is  an  added  care  that  ought  to  be  avoided 
if  possible,  and  in  the  second  place,  it  is  the  desire 
of  the  railroad  company  to  encourage  business  along 
its  lines.  The  commissary  store  should  be  run  on  a 
strictly  cash  basis. 

Accounting. — All  accounting  in  connection  with  the 
camp  and  the  commissaiy  store  should  be  as  simple 
as  possible,  but  separate  books  should  be  kept  for 
each  in  order  that  any  profit  and  loss  may  be  allocated 
to  the  right  source.  Two  books  for  each  will  suffice, 
one  a  combined  daybook  and  journal  in  which  all 
transactions  are  recorded,  and  which  at  the  end  of 
the  month  will  show  the  total  debits  and  credits,  and 
the  order  a  cash  book  which  records  the  case  trans- 
actions only,  and  should  be  balanced  each  night  with 
the  amount  of  case  on  hand.  In  the  daybook-journal 
for  the  camp,  the  debit  entries  consist  of  kitchen 
utensils  and  supplies,  fuel,  oil,  food  supplies,  and 
wages  of  camp  employes.  This  account  begins  each 
month  with  the  inventory  of  supplies  on  hand.  On 
the  credit  side  will  be  entered  the  board  of  the  men, 
receipts  for  supplies  sold  and  the  inventory  of  sup- 
plies in  the  store  room  at  the  end  of  the  month.  The 
difi'erence  between  the  totals  of  the  debit  and  credit 
entries  will  show  whether  the  camp  is  being  run  at 
a  profit  or  a  loss. 

Price  of  Board. — It  is  quite  customary,  in  determin- 
ing the  price  to  be  charged  for  board  and  lodging,  to 
charge  the  employe  what  he  would  have  to  pay  ordi- 
narily in  nearby  towns  and  then  furnish  as  good  board 
as  possible  with  a  view  to  having  the  camp  pay  for 
itself.  The  cost  of  the  meals  furnished  to  those  em- 
ployes needed  to  operate  the  camp  is  considered  a 
part  of  the  camp  expense.  Should  there  be  any  em- 
ployes on  the  work  whose  expenses  are  paid  by  the 
railway  company,  the  cost  of  the  meals  should  be 
charged  to  the  work  and  the  camp  given  credit.  At 
the  beginning  of  the  work  the  force  may  be  com- 
paratively small,  and  at  the  close  of  the  work  it  will 
gradually  diminish,  making  two  periods  during  which 
the  camp  will  not  pay  for  itself.  It  should,  therefore, 
be  planned  that  when  the  force  is  at  its  maximum,  the 
camp  should  make  some  profit  in  order  that,  when  the 
work  is  closed,  the  accounts  will  about  balance.  In 
order  to  do  this  the  affairs  of  the  camp  will  have  to 
be  planned  and  watched  carefully. 

It  will  be  found  more  satisfactory  to  use  a  rate  per 
week  than  a  rate  per  meal.  In  the  former  case  the 
matter  of  lost  meals  need  not  be  watched,  and  there 
are  apt  to  be  fewer  misunderstandings.  It  will  also 
insure  a  more  regular  attendance  at  the  camp  meals 
on  Sundays  and  holidays.  If  a  rate  per  meal  is  de- 
cided upon,  some  form  of  meal  ticket  will  have  to  be 
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provided,  which  is  punched  as  the  men  enter  the  din- 
ing room. 

As  a  general  experience  a  camp  of  25  men  or  less 
will  not  pay  expenses;  a  camp  of  from  50  to  75  men 
can  be  made  to  come  out  about  even,  and  a  larger 
camp  will  show  a  slight  profit.  This  bears  out  the 
previous  statement. 

Bunk  Houses. — The  construction  of  the  bunk  house 
will  depend  upon  the  locality  and  the  season  during 
which  it  is  to  be  used.  If  in  use  during  the  winter, 
it  must  be  built  quite  substantially  so  as  to  with- 
stand storms  and  cold.  If  the  bunk  house  is  to  be 
used  only  for  a  few  months  during  the  summer  or  in 
very  warm  climates,  it  may  be  of  very  light  construc- 
tion, but  it  should  always  be  so  built  that  it  will  keep 
out  the  rain.  It  should  be  built  high  enough  above 
the  ground  to  enable  a  man  to  get  under  it,  and  a 
positive  rule  should  be  made  that  the  space  under- 
neath be  kept  clean  and  that  no  accumulation  of  rub- 
bish or  old  clothes  will  be  allowed. 

Bunk  houses  or  sleeping  quarters  should  not  be 
made  too  large.  It  is  much  better  to  have  a  number 
of  smaller  houses  than  to  endeavor  to  make  one  build- 
ing large  enough  to  provide  for  the  entire  force. 
There  are  apt  to  be  disturbing  factors  during  the 
night,  such  as  someone  being  taken  sick  or  other  un- 
usual occurrences,  which  will  disturb  the  entire  camp 
if  all  the  men  are  housed  in  one  building.  For  the 
common  labor,  it  has  been  found  desirable  to  have 
houses  that  will  accommodate  from  30  to  40  men  each, 
although  some  would  limit  the  number  to  24.  For  the 
housing  of  sub-foremen,  carpenters  and  other  high 
grade  labor,  houses  accommodating  from  12  to  16  men 
are   preferable. 

Bunk  houses,  built  rather  long  and  narrow  with 
bunks  on  either  side  and  a  central  aisle,  appear  to  be 
the  most  satisfactory  and  have  the  added  advantage 
that  they  can  be  loaded  on  cars  and  ti-ansported  to 
other  jobs.  Old  car  bodies,  when  available,  may  also 
be  used.  The  sketches  submitted  show  various  ar- 
rangements. In  very  large  camps,  it  is  at  times  de- 
cided to  build  houses  that  will  accommodate  more 
than  40  men,  but  because  of  their  size,  they  are  more 
costly. 

It  is  quite  customary  to  build  bunks  of  wood,  but 
great  improvements  have  been  made  in  the  last  few 
years  in  the  manufacture  of  steel  bunks,  and  they 
are  being  installed  in  many  camps  because  of  their 
greater  comfort,  and  the  ease  with  which  they  are 
kept  clean  and  sanitary. 

There  is  one  item  which  at  first  thought  may  seem 
an  extravagance,  but  which  will  do  much  to  hold  the 
men  and  that  is  the  installation  of  individual  lockers. 
Metal  lockers  may  be  deemed  too  expensive,  but  they 
are  more  sanitary.  They  should  be  in  good  condition 
when  the  camp  is  taken  down  and  can  be  used  else- 
where. Wooden  lockers  with  doors  having  an  open- 
ing of  wire  mesh  can  be  easily  and  cheaply  construct- 
ed. They  should  be  built  in  two  tiers,  2  ft.  square 
and  4  ft.  high,  large  enough  to  hold  a  suit  case.  Good 
locks  with  individual  keys  should  be  furnished.  Each 
man  is  given  a  key  attached  to  a  metal  tag  bearing 
the  same  number  as  the  locker.  The  key  is  charged 
up  to  him  and  he  is  obliged  to  turn  it  in  when  he 
leaves  before  receiving  his  pay.  Lost  keys  are  charged 
to  the  men  and  deducted  from  their  pay. 

In  spite  of  the  utmost  precaution  there  is  likely  to 
be  trouble  from  vermin.  Men  are  likely  to  carry  them 
from  other  camps  in  their  clothing  or  in  other  ways. 
A  rule  should,  therefore,  be  made  that  once  a  month 
each  bunk  house  is  fumigated.     After  the  men  have 
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left  for  work  in  the  morning,  the  bedding  is  all  taken 
out,  the  mattresses  turned  up,  doors,  windows  and 
ventilators  closed,  and  sulphur  candles  burned.  Use 
twice  the  dose  that  is  recommended  by  the  manufac- 
turer, because  bunk  houses  cannot  be  sealed  as 
tightly  as  rooms  in  a  house.  After  fumigation  the 
bunk  house  should  be  thoroughly  aired  before  it  is  oc- 
cupied again. 

Camp  Man. — The  sleeping  quarters  are  kept  clean 
and  in  order  by  a  camp  man,  whose  duties  are  to 
sweep,  carry  coal  and  keep  the  bunks  in  order.  Bunk 
houses,  except  in  very  warm  climates,  or  when  used 
for  only  a  short  period  during  summer  months,  should 
always  be  provided  with  stoves.  Railway  caboose 
stoves  are  well  adapted  to  that  purpose.  In  cold 
weather  men  must  have  a  place  to  warm  up,  and  in 
wet  weather  there  is  always  clothing  to  be  dried  out. 
Sleeping  quarters  should  not  be  allowed  to  become 
damp  and  musty. 

A  water  barrel  should  be  provided  at  each  end  of 
each  camp  building  for  use  in  case  of  fire.  In  the 
winter  time  the  water  should  be  heavily  salted  or 
saturated  with  some  anti-freezing  mixture.  It  should 
be  the  camp  man's  duty  to  examine  each  barrel  every 
day,  and  see  that  it  is  filled  and  ready  for  use.  A 
pail  with  a  rounded  bottom,  marked  "to  be  used  only 
in  case  of  fire,"  should  be  provided  for  each  barrel. 

Night  Watchman. — A  camp  night  watchman  on 
duty  all  night  is  also  a  necessity.  It  should  be  his 
duty  to  see  that  the  lights  are  put  out  at  the  proper 
time  (9  o'clock  is  a  good  hour  to  set),  to  keep  up  the 
fires  in  winter,  and  to  see  that  late  comers,  or  those 
who  are  inclined  to  be  up  late,  do  not  disturb  the  re- 
mainder of  the  camp.  Men  will  sleep  and  rest  better 
if  they  know  there  is  someone  on  guard'  to  see  that 
they  are  not  disturbed  or  robbed,  and  a  good  night's 
sleep  means  better  work  the  next  day.  The  watch- 
man is  also  there  for  prompt  action  in  case  of  sick- 
ness, fire  or  other  emergency.  It  is  also  his  duty  to 
wake  the  men  at  the  proper  time  each  morning,  first 
the  cooks  and  flunkies,  in  order  that  breakfast  may 
be  started  on  time,  and  then  the  men,  to  get  them  up 
in  time  for  breakfast  and  thus  start  the  day  right. 

Lighting. — When  it  can  be  had,  electricity  is  the 
ideal  method  of  lighting  a  camp,  and  it  can  frequently 
be  supplied  without  undue  cost.  The  camp  may  be 
near  a  town  having  a  power  plant,  or  near  some  power 
line  from  which  current  may  be  obtained.  The  elec- 
tric light  will  do  much  to  insure  cleanliness;  a  tem- 
porary installation  is  not  expensive,  and  it  will  also 
materially  reduce  the  fire  hazard.  On  a  large  piece 
of  work  of  long  duration  where  power  machinery  is 
used,  it  will  pay  to  install  a  lighting  plant,  and  es- 
pecially where  the  electric  current  can  also  be  put  to 
other  uses. 

Where  ordinary  lamps  must  be  used,  they  should 
be  kept  clean  and  in  good  order  at  all  times,  and  their 
placing  should  be  so  safeguarded  that  they  are  not 
liable  to  be  overturned  when  being  lighted,  or 
knocked  over  when  men  are  passing  back  and  forth. 
Bracket  lamps  fastened  to  the  wall  as  high  as  possi- 
ble and  equipped  with  metal  protectors  may  be  used. 
In  many  places  lanterns  will  furnish  ample  light  and 
are  safer. 

Ventilation. — All  camp  buildings  should  be  pro- 
vided with  sufficient  means  for  ventilation,  even 
though  built  in  the  most  temporary  manner.  This  re- 
fers particularly  to  the  sleeping  quarters.  Sufficient 
fresh  air  without  unnecessary  exposure  to  cold  and 
storms  will  do  much  to  keep  the  working  force  in  good 
condition.     Should  the  dining  room  become  too  hot 


and  stuffy  during  meal  time  the  men  will  complain, 
and  the  matter  can  be  easily  remedied,  but  at  night 
men  are  apt  to  sleep  in  poorly  ventilated  bunk  houses 
without  realizing  why  they  do  nof  feel  rested  and  re- 
freshed in  the  morning.  It  should  be  made  the  par- 
ticular business  of  some  one  man  in  each  bunk  house 
to  see  that  there  is  sufficient  circulation  of  air  be- 
fore he  retires.  All  windows  should  be  in  con- 
dition to  open  and  close  readily,  and  the  roof  should 
be  provided  with  ventilators.  Proper  means  of  venti- 
lation can  be  installed  easily  and  inexpensively. 

Outhouses. — Outhouses  sufficiently  ample  for  the 
needs  of  the  camp  must  be  provided,  be  made  as  con- 
venient as  possible,  and  located  at  a  safe  distance 
(not  less  than  200  ft.)  from  any  camp  building,  where 
the  natural  drainage  of  the  ground  is  away  from  the 
camp.  The  usual  procedure  is  to  dig  one  or  more 
sumps,  as  may  be  deemed  necessary,  and  erect  suit- 
able outbuildings  over  them.  Such  buildings  should 
be  kept  as  dark  as  possible  by  painting  them  some 
dark  color  and  locating  them  in  a  group  of  trees,  be- 
cause flies  shun  dark  places.  They  should  also  be 
screened.  Keep  them  as  clean  as  possible  by  sweep- 
ing them  once  a  day  and  scrubbing  them  twice  a 
week.  Provide  receptacles  for  paper.  Cleanliness 
and  neatness  should  not  only  be  encouraged,  but  in- 
sisted upon.  The  excavation  for  a  sump  should  be 
quite  deep.  Once  a  week  the  outbuildings  should  be 
moved  to  one  side  and  a  layer  of  chloride  of  lime  and 
6  in.  of  earth  placed  over  the  excrement.  When  the 
filling  nears  the  surface  of  the  ground  the  excavation 
should  be  entirely  filled  and  a  new  sump  dug  in  an- 
other location.  Chemical  or  waterless  toilets  may 
be  necessary  in  some  localities. 

It  is  a  common  experience  that  it  is  comparatively 
easy  to  get  men  to  comply  with  rules  for  sanitation  in 
camps  established  for  long  periods,  but  that  they  are 
careless  in  the  small  camps  established  for  only  a 
few  weeks;  therefore  strict  and  definite  rules  must 
be  laid  down  and  their  compliance  insisted  upon  as 
part  of  the  condition  of  employment.  If  the  camp  is 
fortunate  enough  to  have  a  liberal  supply  of  running 
water  so  that  sanitary  closets  and  a  cesspool  may  be 
built,  these  should  by  all  means  be  provided. 


Method  of  Blasting  Channel  in  Quicksand 
and  Clay 

Dynamite  cartridges  encased  in  tin  tubes  were  used 
successfully  in  blasting  a  water  supply  channel  in 
quicksand  at  one  of  the  plants  of  the  American  Brick 
Co.  The  channel  is  530  ft.  long  and  extends  through 
a  tangle  of  underbrush.  The  soil  is  quicksand  and 
clay.  In  blasting  through  the  clay,  a  hole  was  bored 
and  cartridges  pushed  down  with  a  stick,  no  tamp- 
ing being  necessary  as  the  water  filled  the  hole. 

The  strip  of  quicksand  measured  about  35  ft.  across. 
For  the  work  tin  tubes,  the  shape  of  torpedoes  and 
about  1/2  in.  longer  than  a  stick  of  dynamite,  were 
made.  Cartridges  were  encased  in  the  tin  tubes  and 
then  pushed  down  into  the  quicksand  to  the  required 
depth. 

The  charges  were  spaced  about  2  ft.  apart  both  in 
the  quicksand  and  in  the  clay.  In  one  hole,  the  charge 
consisted  of  a  cartridge  and  a  half  of  dynamite;  the 
next  hole,  one  cartridge;  then  a  cartridge  and  a  half 
and  so  on  alternately  down  the  line.  The  cartridges 
were  put  down  to  a  depth  of  about  2%  ft.  The  re- 
sulting shot  gave  a  ditch  about  3  ft.  deep  and  6  ft. 
wide. 
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Methods  and  Cost  of  Tree  Planting 

Reforestation  operations  in  the  national  forests  un- 
der the  direction  of  the  U.  S.  Forest  Service  now 
cover  from  12,000  to  15,000  acres  yearly.  An  inter- 
esting description  of  this  work  is  given  in  a  U.  S. 
Department  of  Agriculture  bulletin  prepared  by  Mr. 
C.  R.  Tillotson,  Forest  Examiner.  The  following 
notes  on  tree  planting  methods  have  been  abstracted 
from  this  bulletin: 

Slit  Methods. — The  slit  method  consists  simply  of 
opening  a  wedge-shaped  crevice  in  the  ground  by 
driving  a  spade,  mattock,  or  axe  into  the  soil  and 
moving  the  handle  backward  and  forward  or  side- 
wise  a  little.  A  hole  2  or  3  in.  broad  at  the  top,  as 
wide  as  the  blade  of  the  tool,  and  tapering  to  an  edge 
at  the  bottom  is  thus  formed.  Into  this  crevice  the 
roots  of  a  plant  are  thrust  and  shaken  down  as  well 
as  possible.  The  soil  on  each  side  of  the  hole  is  then 
compacted  against  the  roots  by  means  of  vigorous 
tramping  and  stamping  with  the  foot  or  by  insert- 
ing the  tool  into  the  soil  again  on  the  far  side  of  the 
plant  and  prying  the  soil  toward  it.  Before  making 
the  slit  the  surface  soil  and  sod  is  scraped  away  suf- 
ficiently to  remove  debris  or  dry  soil  which  may  fall 
into  the  hole  when  the  tool  is  removed.  Further, 
when  the  mattock  is  used,  the  soil  over  an  area  6  or 
8  in.  square  is  ordinarily  loosened  to  the  depth  of  the 
mattock  blade  and  the  cleft  is  then  made  in  the  cen- 
ter of  the  loosened  area. 

The  principal  advantage  of  this  method  is  that  it 
is  rapid,  and,  where  it  can  be  practiced  successfully, 
correspondingly  economical.  Moreover,  it  makes  pos- 
sible the  covering  of  large  areas  during  a  planting 
season.  On  the  other  hand,  it  can  not  be  followed 
to  good  advantage  except  in  soil  which  is  fairly  loose 
and  free  from  rocks,  because  it  is  difficult  to  make  a 
deep  enough  cleft  in  heavy  or  rocky  soil;  and,  what 
is  still  more  important,  a  cleft  in  such  soil  can  not 
be  properly  closed  by  tramping  after  the  seedling  is 
inserted.  Where  the  cleft  is  not  properly  closed  air 
spaces  are  left  around  the  roots,  causing  them  to  dry 
out;  and  the  death  of  the  plant  follows.  Further, 
careless  or  rapid  planters  often  will  not  take  the 
trouble  to  see  that  the  roots  are  not  bent,  and  that 
the  root  tips  are  not  near  the  surface  of  the  soil 
where  they  will  soon  dry  out.  Such  planting  is  al- 
most certain  to  result  in  failure.  The  method  has 
been  followed  successfully,  however,  particularly  on 
the  Nebraska  National  Forest  in  the  sandhill  region, 
where  a  crew  of  two  men  will  average  about  2,000 
plants  per  day  of  8  hours. 

A  modification  of  this  method  is  sometimes  called 
the  "grub-hoe  method."  In  this  the  grub  hoe  or  mat- 
tock is  driven  into  the  soil  to  the  depth  of  the  blade; 
the  tool  is  pulled  slightly  toward  the  operator;  the 
roots  of  a  plant  are  thrust  into  the  opening  thus 
formed  back  of  the  tool;  and  the  blade  is  then  lifted 
in  such  manner  that  the  loosened  soil  slides  oiT  upon 
the  roots  of  the  plant.  This  soil  is  then  well  tramped  . 
about  the  roots.  The  method  is  simple,  easy  to  per- 
form, and  rapid;  and  the  soil  is  not  scattered.  Plant- 
ing can  be  carried  on  at  an  average  of  from  600  to 
800  trees  per  man  per  day,  and  as  many  as  1,000  un- 
der favorable  conditions.  On  good  soils  and  in  re- 
gions very  favorable  to  tree  growth,  as  in  Washing- 
ton, Oregon,  and  western  Idaho  and  Montana,  this 
method  has  proved  very  successful.  It  is  not  yet 
known,  however,  that  it  will  be  successful  in  regions  or 
on  sites  not  particularly  favorable  to  tree  growth.  The 
hole  opened  up  is  not  large  enough  or  deep  enough 
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to  allow  the  proper  distribution  of  the  roots;  it  usual- 
ly does  not  remove  much  of  the  competing  herbaceous 
grovrth;  and  it  does  not  peiTnit  especial  attention  be- 
ing given  to  the  packing  of  the  soil  around  the  roots. 
Trencher  Method. — The  trencher  method  is  simply 
a  modification  of  the  slit  method.  One  of  its  best 
features  is  breaking  up  heavy  sod  or  herbaceous 
growth  and  thus  freeing  the  seedlings  from  root  com- 
petition and  excessive  shading.  The  field  trencher 
and  its  use  have  been  described  as  follows: 

The  trencher  consists  of  a  heavy  V-shaped  shoe 
fastened  on  an  ordinary  steel  plow  beam  and  sup- 
plied with  handles  similar  to  plow  handles.  The  shoe 
is  24  in.  long,  12  in.  deep,  and  is  made  V-shaped  by 
riveting  plates  of  steel  together  at  the  bottom  and 
separating  them  3  in.  at  the  top.  These  plates  are 
welded  and  drawn  out  into  a  thin  sloping  edge  in 
front,  the  lower  part  of  which  is  widened  into  a  broad 
nose.  The  nose  draws  the  shoe  into  the  soil,  and  a 
small  horizontal  plate  attached  to  the  bottom  of  the 
shoe  serves  to  hold  it  to  an  even  depth. 

With  a  strong  slope  from  the  nose  to  the  top  of 
the  shoe  in  front,  roots  and  trash  in  the  soil  that  are 
not  severed  when  the  shoe  strikes  them  are  inclined 
to  be  raised  above  it  and  then  slide  off  at  one  side 
of  the  beam  without  injuring  the  trench.  The  length 
of  the  shoe  is  such  as  to  cause  the  sides  of  the  trench 
to  be  sufficiently  troweled  to  make  them  stand  up 
until  the  planter  comes  along  to  put  in  the  tree.  The 
use  of  a  short  shoe  results  in  the  trench  caving  down 
and  half  filling  in  many  places  almost  immediately 
after  the  trencher  has  passed. 

The  trencher  is  drawn  by  three  horses,  and  in  its 
use  on  the  Kansas  and  Nebraska  National  Forests 
the  trench  is  usually  made  in  a  furrow  turned  with 
a  sidehill  or  ordinary'  plow.  A  man  with  a  planting 
basket  follows  the  trencher  and  puts  trees  into  the 
trench,  being  careful  to  have  the  roots  well  extended 
toward  the  bottom.  As  the  crowns  of  the  trees  are 
brought  to  the  proper  height,  the  planter  sets  his  foot 
at  a  slight  angle  to  the  trench,  caving  the  side  in 
against  the  roots.  Men  with  long-handled  tampers 
follow,  setting  the  soil  firmly  against  the  trees,  and 
close  the  trench  between  the  trees  to  reduce  the 
chance  of  evaporation.  A  gang  of  10  to  15  men  is  re- 
quired to  keep  up  with  the  trencher  and  can  plant 
from  12,000  to  20,000  trees  per  day. 

On  the  Kansas  National  Forest  this  scheme  was 
brought  nearer  to  perfection  by  the  use  of  a  riding 
trencher,  which  combines  a  lister  plow  with  a 
trencher  and  thus  saves  the  expense  of  one  driver 
and  two  horses. 

Up  to  the  present  this  method  has  been  followed 
only  on  the  Kansas  and  Nebraska  National  Forests; 
it  has  proved  rapid  on  both  and  successful  on  the  Ne- 
braska. The  method,  however,  is  limited  in  its  scope. 
It  can  not  be  followed  on  very  steep  hillsides,  in  soil 
that  is  rocky  or  filled  with  large  roots,  or  on  areas 
covered  with  brush  or  considerable  dowoi  timber;  and 
it  is  questionable  if  it  would  be  successful  in  very 
heavy  soil.  In  short,  the  method  is  not  suitable  for 
the  greater  proportion  of  the  lands  in  the  West  on 
which  forest  planting  will  have  to  be  conducted. 

Square  or  Deep-Hole  Method. — A  square  hole  7  or 
8  in.  across  and  about  1  ft.  deep  is  dug,  either  with  a 
spade  or  a  mattock;  and  for  utility  in  planting,  the 
soil  removed  is  placed  adjacent  the  hole.  Properly 
the  soil  removed  should  be  kept  in  two  separate  piles; 
the  moister,  richer  soil  of  the  upper  layer  in  one  pile, 
and  the  lower  subsoil  in  the  other.  The  depth  of  the 
holes  depends  upon  the  size  of  the  stock;  they  should 


November  21,  1917. 


ENGINEERING   AND    CONTRACTING 


419 


be  deep  enough  so  that  the  roots  may  hang  straight 
down  in  their  natural  position  when  the  tree  is  set 
at  the  same  depth  as  in  the  nursery.  The  tree  is 
held  by  the  root  stock  with  the  fingers  between  the 
different  ramifications  of  the  roots  so  as  to  spread 
them  apart.  This  is  done  with  the  left  hand,  while 
the  dirt  is  filled  in  with  the  right.  The  moist,  bet- 
ter soil  is  first  drawn  in  over  the  roots  and  packed 
well  around  them  with  the  fist;  then  the  remainder 
of  the  soil  is  thrown  in  and  part  of  it  well  packed, 
a  portion  lying  on  top  being  left  loose  to  serve  as  a 
mulch.  On  slopes,  the  aim  should  be  to  leave  the 
surface  of  the  soil  at  the  same  angle  as  the  slope  of 
the  planting  site  instead  of  leaving  a  depression  in 
the  soil.  Where  a  depression  is  left,  soil  from  above 
is  apt  to  wash  into  it,  or  leaves  may  drift  in  and 
partly  or  entirely  cover  the  plant.  The  drifting  in  of 
leaves  has  caused  considerable  loss  where  the  plant- 
ing has  been  done  under  a  stand  of  aspen. 

This  method  is  the  most  applicable  to  all  species 
and  sites;  it  removes  part  of  the  competing  growth 
of  sod;  and  it  (or  a  modification  of  it  called  "side- 
hole  method")  will  undoubtedly  continue  to  be  the 
one  in  most  general  use  in  the  future.  It  is  only 
fairly  rapid,  from  250  to  350  trees  per  man  per  day 
in  rough  country  constituting  an  average  day's  plant- 
ing, and  there  is  the  possibility  of  poor  planting  if  the 
crew  is  not  careful  to  spread  the  roots  during  the 
operation. 

In  the  side-hole  method  the  trees  are  set  against 
one  side  of  the  hole  instead  of  in  the  middle.  It  is  a 
little  more  rapid  than  when  the  trees  are  set  in  the 
middle  of  the  hole;  and,  experimentally,  in  operations 
on  the  Siuslaw  National  Forest  and  at  the  Fort  Valley 
Experiment  Station,  it  has  proved  almost  as  success- 
ful. It  cannot  be  given  unqualified  indorsement,  how- 
ever, without  further  trial,  though  with  the  ordinary 
planting  crew  it  will  probably  prove  just  as  success- 
ful in  the  majority  of  operations  as  planting  in  the 
center  of  the  hole. 

Cone  Method. — The  cone  method  is  another  mod- 
ification of  the  square-hole  method.  The  square  hole 
is  dug  as  in  the  other  method;  a  mound  of  earth  is 
then  built  by  the  planter  in  the  bottom  of  the  hole, 
and  the  roots  of  the  plant  are  spread  over  this  mound. 
Thus  they  come  in  contact  with  a  greater  amount  of 
soil,  from  which  moisture  and  other  plant  nourish- 
ment can  be  drawn.  After  spreading  the  roots,  the 
soil  is  filled  in  as  in  the  square-hole  method. 


This  method  unquestionably  has  merit  for  planting 
under  very  unfavorable  conditions;  for,  if  it  is  prop- 
erly conducted,  the  losses  are  usually  smaller  than 
where  other  methods  are  used.  On  the  other  hand,  it 
has  disadvantages.  It  is  not  applicable  to  species 
which  do  not  have  a  ramifying  root  system;  unless 
given  close  supervision,  the  average  workman  will  not 
be  particular  to  form  a  good  cone  or  to  spread  the 
roots  well  over  it;  and  it  is  slow  and  expensive.  Un- 
der average  conditions  one  man  will  plant  only  from 
200  to  250  trees  per  day. 

Plowing  and  Mattock  Method. — Single  furrows  are 
plowed  from  8  to  10  ft.  apart,  and  holes  are  then  dug 
with  a  mattock  to  receive  the  plants.  It  has  been 
found  that  just  about  twice  as  rapid  progress  can  be 
made  as  where  no  plowing  is  done,  both  in  digging 
holes  and  in  planting,  because  digging  is  easier  in  the 
broken  sod  and  more  loose  dirt  is  provided  for  filling 
in  around  the  trees. 

Like  any  other  method  where  a  plow  is  used,  this  is 
subject  to  limitations;  but  on  account  of  its  rapidity 
and  the  success  which  has  attended  its  use,  it  is 
worthy  of  trial,  particularly  in  grassy  or  sagebrush 
land  where  the  plow  can  be  used.  On  steep,  grassy 
sidehill  areas  open  to  grazing  by  cattle  there  is  a 
serious  drawback  to  this  plan;  the  animals  follow  the 
furrows  as  paths  and  are  likely  to  tramp  out  a  large 
proportion  of  the  planted  stock. 

Pit  Method. — The  pit  m.ethod  is  designed  partic- 
ularly for  use  in  regions  which,  following  the  plant- 
ing season,  become  particularly  hot  and  dry.  It  has 
been  used  by  the  Forest  Service  mostly  in  fall  plant- 
ing in  southern  California.  It  consists  in  partially 
preparing  the  holes  in  advance  of  the  planting  opera- 
tions. Spots  are  cleared  about  16  in.  square  and  the 
surface  soil  stirred  to  a  depth  of  about  8  in.  Then 
in  a  spot  about  8  in.  square  in  the  center  the  soil  is 
removed  to  a  depth  of  from  12  to  16  in.  in  order  to 
loosen  it  up  thoroughly.  It  is  then  replaced  and  a  de- 
pression left  on  top.  Where  the  original  method  is 
adhered  to,  the  work  is  finished  a  month  or  more  be- 
fore the  time  of  planting. 

Rain  which  will  saturate  the  hard  ground  only  to  a 
depth  of  2  or  3  in.  will  be  sufficient  to  penetrate  from 
12  to  16  in.  in  the  soft  soil  of  the  pits.  This  is  one 
of  the  most  important  points  in  their  favor.  Soil  when 
moist  to  a  depth  of  12  in.  is  suitable  for  planting. 
Thus,  when  the  contiguous  land  is  not  ready  for 
planting  and  may  not  be  for  some  time,  the  soil  in  the 


TABLE  I— COST   PER  ACRE  AND  PER  1,000  TREES  OF  PLANTING     DIFFERENT     SPECIES     IN     DIFFERENT     REGIONS     BY 

VARIOUS   METHODS. 

Region.  Species.  Method. 

Southern    Montana     Douglas  flr Spade  hole   

Southern    Montana    Douglas  flr Spade  hole   

Southwestern  Montana   Western    yellow    pine Mattock    holes 

Southwestern  Montana  Western  larch    Ax,  slit  method 

Southwestern  Montana  Western    yellow    pine Ax,  slit  method 

Southwestern  Montana  Western    yellow    pine Ax,  slit  method 

SoutliwesterB  Montana  Western  larch    Ax,  slit  method 

Central  Montana Douglas   flr    Pick  holes    

Southern  Montana   Douglas    flr    Mattock    holes    

Southern  Montana   Douglas    fir    Mattock   holes    

Western  Montana Western   yellow    pine Mattock   holes    

Western  Montana Engelmann  spruce   Ax,  slit  method. . .- 

Western  Montana Engelmann  spruce   Mattock   holes    

Southern  Montana   Lodgepole   pine    Mattock   holes    

Southern  Montana  Douglas  flr Mattock   holes,    slit    method 

Central    Montana    Western  yellow  pine Pick,   slit  method 

Central   Montana    Western  yellow  pine Pick,   slit  method 

Southern  Montana   Douglas    fir    Mattock   holes  in  plowed   furrows 

Nebra.'ika    Jack  pine   Field    trenches    

Nebraska    Western  yellow  pine Field   trenches    

Nebraska    Western  yellow  pine Field   trenches    

Southern  Idaho    Douglas   flr    Mattock   holes    

Central    Utah     Douglas   flr    Mattock   holes    

Southern  Idaho    Douglas    fir    Mattock    holes    

Southern  California   .leftrey  pine  Mattock    holes    

Northern  California Western  yellow  pine Mattock   holes    

Northern    Ores:on    Douglas  fir Mattock   holes    

Northern   Washington    Douglas  flr Mattock    holes    


Cast 

Cost 

per 

per  1.000 

acre. 

trees. 

$15,01 

$12.40 

15.58 

12,88 

4.61 

9,53 

7.45 

13,85 

3.36 

6,94 

10.04 

16,60 

10.22 

18.77 

12.15 

15.62 

9.71 

12.63 

5.10 

7.01 

9.97 

12.93 

5.10 

7.55 

7,15 

9,41 

15.25 

10,00 

4. OS 

8,16 

7.04 

10,35 

5.35 

7.87 

16.16 

8,40 

3.61 

7.69 

15,41 

9.78 

10,09 

6,40 

11,39 

11.39 

12,77 

12.77 

14,05 

11.67 

16,70 

16.70 

19,10 

27.28 

8,25 

12.20 

8,78 

12.91 

(91) 


420 


ENGINEERING   AND    CONTRACTING 


Vol.  48,  No.  21 


pits  is  moist  enough  to  make  planting  feasible,  so  that 
operations  may  be  finished  before  the  advent  of  cold 
weather.  The  plants  will  then  have  a  better  opportu- 
nity to  become  partially  established  during  the  fall. 

Pot  Planting. — Sometimes  stock  which  has  been 
grovvm  in  paper  pots  is  planted.  The  whole  pot  is 
planted  either  in  a  hole  or  a  pit.  The  pot  is  set  in 
the  hole  and  the  loose  soil  thrown  in  and  firmed  close- 
ly around  it  and  piled  up  enough  to  cover  its  top. 

Pot  planting  is  particularly  designed  for  arid  and 
semiarid  regions  or  for  summer  planting.  The  roots 
are  not  disturbed  or  exposed  during  the  operation,  and 
good  soil  is  retained  around  them.  This  is  decidedly 
conducive  to  success,  particularly  in  dry  regions. 

Ball  Method. — The  ball  method  consists  in  remov- 
ing each  tree  from  the  nursery  with  a  ball  of  the 
nursery  soil  surrounding  the  roots  and  planting  it  in 
the  field  in  this  condition.  Almost  the  same  ad- 
vantages would  result  from  this  as  from  pot  planting, 
but  it  is  obviously  impracticable  thus  to  remove  the 
small  trees  used  in  forest  planting. 

Cost  of  Planting'. — The  actual  cost  of  a  number  of 
representative  Forest  Service  operations  is  shown  in 
Table  I. 

For  the  greater  proportion  of  reforestation  opera- 
tions conducted  on  a  large  scale,  the  cost  of  direct 
seeding  can  be  kept  within  from  $4  to  $6  and  plant- 
ing within  $10  per  acre,  provided  a  spacing  of  8  by  8 
ft.  is  followed.  Under  more  favorable  conditions  these 
operations  have  been  carried  on  at  a  lower  cost. 


Motor 


from  Old  Automobile  Furnishes 
Power  for  Hoist 

The  home-made  power  plant,  illustrated  below,  gave 
good  service  in  driving  piles  in  connection  with  the 
construction  of  14-ft.  by  18-ft.  concrete  slab  bridges 
for  Iowa  County,  Iowa.  A  4-cylinder  Moline  gas  motor 


Old   4-Cylinder   Gas   Motor  Operating    Hoist. 

was  taken  from  an  old  automobile  and  geared  to  a 
single  drum  hoist  which  operated  the  pile  driver. 
With  this  arrangement  about  three  16-ft.  piles  were 
put  down  per  hour.  M.  0.  Burnett,  Marengo,  la.,  was 
the  contractor. 


Construction  Camp  Regulations  of 
Alaskan  Railway  Commission 

Construction  camps  shall  be  located  on  the  best 
site  obtainable,  from  the  standpoint  of  water  supply, 
drainage  and  sewage  disposal,  consistent  with  conve- 
nience to  work. 

When  the  water  supply  is  to  be  taken  from  a  stream 
the  point  of  intake  shall  be  above  the  camp  site,  and 
a  sanitary  survey  of  such  stream  above  such  intake 
shall  be  made  to  ascertain  if  there  be  any  source  of 
pollution.  If  there  be  a  source  of  pollution  of  such 
stream  such  fact,  with  all  available  data,  must  be  re- 
ported at  once  to  the  sanitary  officer  of  the  division, 
by  the  district  engineer,  and  a  well  dug  to  conform  to 
the  following  regulations: 

No  well  may  be  located  at  less  than  100  ft.  from 
any  cesspool,  toilet  or  stable,  and  must  not  be  on 
ground  receiving  drainage  from  any  such  place. 

All  wells  supplied  with  pumps  must  be  curbed  up 
to  a  point  one  foot  above  the  surface  of  the  ground 
and  tightly  covered. 

All  wells  supplied  with  ropes  and  buckets  must  be 
curbed  up  to  a  point  30  in.  above  the  surface  of  the 
ground,  and  fitted  with  a  good  cover. 

All  wells  must  be  backfilled  with  earth  or  gravel 
around  the  curb  to  a  depth  of  1  ft.  at  the  curb,  slop- 
ing to  the  surface  of  the  ground  6  ft.  away  from  such 
curb,  in  order  that  surface  water  cannot  get  into  the 
well. 

The  cook  tent  must  be  located  on  sloping  ground 
or  that  which  can  be  drained  easily.  The  floor  of 
such  a  cook  tent  shall  be  of  dressed  lumber,  prefer- 
ably tongue  and  grooved  flooring,  water-tight;  if  not 
water-tight,  such  floor  shall  be  raised  12  in.  above 
the  surface  of  the  ground  so  as  to  permit  free  circu- 
lation of  air  underneath;  must  be  scrubbed  daily  and 
kept  in  a  clean  and  sanitary  condition  at  all  times. 

All  fixtures  and  utensils  must  be  so  arranged  as  to 
permit  of  free  access  for  cleaning  purposes. 

All  work  tables  and  other  utensils  must  be  kept 
free  from  accumulations,  such  as  fiour,  dough,  grease, 
etc. 

All  canned  goods,  excepting  milk,  must  be  emptied 
as  soon  as  opened,  and  not  permitted  to  stand  in 
original  tin  cans. 

All  garbage  should  be  burned  in  the  cook  stove  as 
completely  as  possible. 

Suitable  fly-proof  water-tight  cans  must  be  pro- 
vided into  which  all  scraps,  empty  cans,  and  waste 
material  shall  be  placed,  which  cans  shall  be  removed 
to  a  point  remote  from  camp,  and  the  contents  either 
buried  or  burned.  Such  removal  should  be  made 
every  second  day  from  May  to  September  inclusive, 
and  once  a  week  during  other  months.  Throwing 
such  garbage  in  streams  will  not  be  permitted. 

A  well  ventilated,  properly  screened  fly-proof  meat 
house  shall  be  provided  adjacent  to  the  cook  tent, 
for  storing  small  quantities  of  fresh  meat.  On  re- 
ceipt of  any  fresh  meat  in  bad  condition,  from  any 
cause  whatever,  such  fact,  with  full  data,  must  be 
reported  at  once  to  the  district  engineer,  who  will 
report  same  to  the  sanitary  officer  at  Anchorage. 

The  mess  or  dining  tent  shall  be  separated  from 
the  cook  tent  or  kitchen  by  a  door  or  fly  that  may  be 
closed. 

Tables  shall  be  provided  with  cotton  fly-screen, 
which  shall  be  kept  spread  over  the  tables  except 
when  they  are  being  used  to  serve  meals.  Mess  tents 
shall  be  kept  free  from  flies  as  possible,  and  suitable 
measures  must  be  taken  to  secure  such  results. 
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The  Contractor's  Superintendent* 

When  a  contractor  secures  more  work  than  he  can 
handle  personally,  it  becomes  necessary  for  him  to 
employ  some  one  to  manage  at  least  part  of  it.  This 
employe  is  ordinarily  called  a  superintendent.  His 
duty  is  to  represent  the  contractor  in  the  manage- 
ment of  the  work  and  in  his  dealings  with  the  prin- 
cipal or  client.  The  authority  he  may  have  in  any 
case  depends  upon  the  people  he  is  working  for  and 
upon  himself.  He  may,  in  reality,  represent  the  con- 
tractor, both  in  the  management  of  the  contract  and 
in  his  dealings  with  the  client  and  others.  For  all 
practical  purposes  he  is  the  contractor,  managing  the 
work  in  all  its  details,  and  being  responsible  for  re- 
sults only.  In  this  case  the  general  policy  would  be 
laid  down  by  the  contractor,  and  the  plant  to  be  used 
and  its  lay-out  would  be  settled  in  conference  with 
the  contractor.  The  superintendent  would  deal  di- 
rectly with  the  client  and  would  settle  minor  mat- 
ters without  reference  to  the  employer.  Even  in  this 
case  the  superintendent  is  necessarily  guided  by  the 
general  policy  of  the  company,  especially  where  it 
affects  other  contracts  which  the  company  may  have. 
In  other  cases  the  superintendent  may  be  required 
to  refer  every  little  detail  to  his  employer,  either  be- 
cause he  is  not  big  enough  to  have  greater  responsi- 
bility placed  upon  him  or  because  the  employer  him- 
self desires  to  handle  all  details.  The  ideal  case  is 
one  in  which  the  superintendent  is  big  enough  and 
competent  enough  to  manage  and  is  responsible  only 
for  results. 

Under  our  plan  of  organization  we  place  a  super- 
intendent on  each  contract.  If  the  work  is  all  in  one 
location  and  of  sufficient  size,  the  superintendent 
usually  has  a  general  foreman  on  whom  the  details 
of  the  management  fall  and  to  whom  the  various 
foremen  report.  If  the  work  is  scattered,  there  may 
be  one  or  more  assistant  superintendents,  or  in  the 
case  of  grading  work,  what  is  known  as  a  walking- 
boss.  All  clerical  work  is  handled  by  the  superin- 
tendent's clerk  who  has  such  assistants  as  he  re- 
quires. To  him  the  timekeepers,  material  men,  and 
commissary  clerks  report.  When  the  contract  is  of 
sufficient  magnitude,  an  engineer  is  assigned  to  the 
superintendent.  His  duties  are  to  measure  and  keep 
track  of  the  work  done  and  make  any  plans  or  cal- 
culations which  may  be  required.  He  might,  for  in- 
stance, be  called  upon  to  make  a  plan- of  a  pile  driver, 
or  design  sectional  concrete  forms,  or  sketch  the  lay- 
out of  the  plant.  He  is  expected  to  check  with  the 
client's  inspectors  and  engineers  to  make  sure  that 
our  work  is  correctly  measured  and  classified.  A 
position  of  this  kind  offers  excellent  training  for 
that  of  superintendent.  You  will  notice  that  this 
organization  is  practically  the  same  as  if  the  super- 
intendent were  a  contractor  with  only  one  job. 

To  give  you  an  idea  of  the  superintent's  duties  we 
will  follow  through  the  operation  of  an  imaginary 
contract.  The  first  thing  to  be  done  is  to  prepare  the 
bid  for  the  work  on  which  we  have  been  asked  to  make 
a  proposal.  In  order  to  learn  the  local  conditions  we 
first  have  one  or  more  of  our  superintendents  inves- 
tigate the  proposed  work  on  the  ground.  They  exam- 
ine the  foundation  sites,  the  material  to  be  excavated, 
and  the  location  of  sand  and  gravel  pits;  determine 
the  available  local  supply  of  all  other  materials,  and 
look  up  the  roads  from  the  nearest  railroad  over 
which  material  may  be  hauled,  the  local  supply  of 

^rom  an  address  by  W.  A.  Rogers,  President  Bates  &  Rogers 
Construction  Co.,  Chicago.  III.,  delivered  before  the  College  of 
Engineering,  University  of  Wisconsin. 


labor,  and  the  prices  to  be  paid  for  both  labor  and 
material.  A  study  is  made  at  the  site,  of  the  method 
of  handling  the  work  and  the  plant  required.  After 
finishing  the  local  study  they  investigate  other  points 
from  which  materials  may  be  obtained  and  determine 
what  the  material  fi-om  such  points  will  cost. 

After  these  investigations  have  been  made,  the 
next  step  is  to  make  an  estimate  of  the  unit  cost  of 
each  item  in  the  contract.  This  estimate  is  based  on 
the  cost  of  labor  and  material  for  each  item,  plus  a 
proportion  of  the  general  expense.  The  term  "gen- 
eral expense"  includes  items  of  expense  not  covered 
by  labor  and  material,  such  as  superintendence,  lia- 
bility insurance,  bond,  depreciation  of  plant,  small 
tools,  supplies,  fuel,  traveling  expenses,  buildings,  loss 
on  camps,  and  innumerable  other  items.  Costs  should 
be  based  upon  records  of  similar  work,  adjusted  by 
judgment  to  fit  the  work  in  hand.  After  the  men 
have  prepared  their  estimates  of  costs,  a  consulta- 
tion is  held  and  their  figures  are  subjected  to  a  criti- 
cal analysis  each  item  being  considered  in  detail. 
There  are  often  wide  variations  in  ideas  regarding 
costs,  which  must  be  thrashed  out  and  reconciled. 
When  the  revised  estimate  of  cost  is  finally  agreed 
upon,  it  ordinarily  represents  the  combined  judgment 
of  three  or  more  men.  The  margin  of  profit  desired 
is  now  added  and  the  bid  made  up  and  presented  to 
the  prospective  client. 

If  the  proposal  is  attractive  and  the  work  is  award- 
ed to  us,  a  superintendent  is  assigned  to  the  contract 
and  his  job  of  organizing  begins.  A  general  fore- 
man, experienced  in  that  particular  line  of  work,  and 
a  clerk,  are  detailed  from  our  organization.  Then 
formen,  timekeepers,  and  the  rest  of  the  or- 
ganization are  selected.  In  the  meantime,  in 
consultation  with  our  office,  the  method  of 
handling  the  work  is  fixed,  the  plant  required  is 
determined  upon,  and  the  assembling  of  the  same  is 
started.  The  successful  outcome  of  the  contract  de- 
pends to  a  large  extent  upon  the  proper  selection  of 
the  plant  and  the  proper  lay-out  of  the  work.  For  in- 
stance, if  grading  is  under  consideration,  is  it  steam 
shovel,  drag-line,  or  team  work?  If  shovel  work, 
how  large  a  shovel  and  what  size  of  cars  are  to  be 
used?  Does  the  work  require  standard  gage  equip- 
ment with  heavy  locomotives  and  12,  16  or  even  24- 
yd.  cars;  or,  are  smaller  cars  with  narrow  gage 
"dinkies"  best?  And  so  each  detail  must  be  decided 
upon.  If  concrete  work  is  under  consideration,  the 
type  of  distributing  system  must  be  decided;  whether 
the  chuting  system  will  be  employed  or  whether  the 
concrete  will  be  distributed  by  cars  or  by  buckets 
handled  by  derricks.  Then  the  mixing  plant  with 
charging-hoppers  and  other  details  must  all  be  worked 
cut.  Any  new  plant  required  is  bought  and  that 
which  we  have  in  stock  is  loaded  and  shipped  to  the 
work.  It  may  come  from  other  contracts  where  it 
is  not  needed  or  from  a  storehouse.  In  the  meantime 
arrangements  for  materials  have  been  made.  On  se- 
curing a  contract,  we  ordinarily  protect  ourselves 
as  far  as  possible  by  closing  for  all  of  the  material 
required  during  the  life  of  the  contract. 

The  superintendent,  with  a  nucleus  of  his  force, 
gets  on  the  job,  picks  his  camp  site,  builds  camps, 
puts  his  roads  in  shape,  gets  the  material,  plant,  and 
organization  coming,  and  starts  work.  The  selection 
of  a  camp  site  is  an  important  matter,  depending  upon 
the  lay  of  the  land,  water  supply,  accessibility,  and 
many  other  considerations.  With  the  help  of  the 
general  foreman  the  organization  is  licked  into  shape. 
It  is  now  up  to  the  superintendent  to  keep  his  eye 
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on  the  job  and  keep  it  lined  up.  He  must  so  organize 
and  handle  the  work  that  every  one  pulls  together,  so 
that  it  goes  along  with  a  swing.  Of  course  this  is  im- 
possible unless  he  plans  each  operation  in  advance 
and  every  forem.an  or  straw-boss  knows  before  he  is 
up  against  it  just  what  he  is  going  to  do  next.  It  is 
possible  on  going  onto  a  job,  to  feel  that  everything 
is  going  along  swimmingly  or  that  the  work  is  dis- 
organized. Just  as  one  riding  in  an  automobile  can 
tell  whether  every  cylinder  is  working  or  whether 
one  or  more  of  the  cylinders  are  missing,  so  you  can 
tell  whether  or  not  the  force  is  hitting  it  up  well. 

As  soon  as  possible  after  getting  started,  it  is  our 
plan  to  have  the  superintendent  make  out  a  schedule 
showing  the  dates  upon  which  he  plans  to  start  and 
finish  each  operation.  For  instance,  if  he  is  build- 
ing the  substructure  of  a  bridge,  he  estimates  the 
date  of  starting  and  finishing  the  excavation  for  each 
pier  or  abutment;  when  he  will  build  each  cofferdam; 
start  and  finish  pumping;  start  and  finish  driving 
piles;  and  start  and  finish  the  concrete.  This  sched- 
ule is  made  up  with  the  idea  of  completing  the  work 
well  ahead  of  the  completion  date  named  in  the  con- 
tract. The  dates  are  revised  from  time  to  time  as 
the  work  progresses.  There  are  many  advantages  in 
having  this  schedule.  In  the  first  place,  it  means 
that  the  man  in  charge,  in  order  to  make  it  up,  must 
necessarily  plan  the  job  through  in  all  its  details. 
He  has  before  him  at  all  times,  a  schedule  of  what 
is  to  be  done  next  and  it  keeps  him  prepared  for  the 
next  move.  Then,  too,  his  organization  will  have  a 
pride  in  keeping  up  with  or  beating,  the  schedule.  It 
acts  as  a  pacemaker  for  the  men  on  the  job.  It  serves 
as  guide  by  which  the  main  office  can  check  the  prog- 
ress of  the  work  from  time  to  time. 

As  the  job  progresses  the  superintendent  is  con- 
stantly in  touch  with  the  client.  In  addition  to  han- 
dling his  actual  work  he  must  see  that  the  engineers 
furnish  him  plans  and  instructions,  and  make  their 
decisions  far  enough  in  advance  that  he  can  properly 
arrange  for  each  operation.  He  must  keep  everlast- 
ingly after  the  engineers  to  have  them  prepare  for 
the  work,  or  he  runs  the  risk  of  being  tied  up.  Engi- 
neers often  do  not  realize  the  importance  of  giving 
instructions  as  far  in  advance  as  possible  to  that  the 
contractor  may  look  ahead  in  his  preparations.  The 
superintendent,  or  his  assistants,  must  constantly 
keep  after  the  delivery  of  material  required.  There 
is  rarely  a  good  excuse  for  getting  out  of  material. 

A  good  superintendent  has  constantly  in  mind  two 
things.  First,  in  order  that  the  contractor  shall  stay 
in  business,  he  must  turn  out  good  honest  woi-k,  and 
make  friends  of  the  clients  by  doing  a  first-class  job 
and  completing  it  on  time.  In  other  words,  quality  of 
output  should  be  his  first  consideration.  He  may  oc- 
casionally have  to  restrain  over-zealoous  foremen  who 
have  the  idea  that  it  is  to  the  advantage  of  his  em- 
ployer to  skin  the  work.  Secondly,  the  good  superin- 
tendent must  also  remember  that,  in  addition  to  turn- 
ing out  a  first-class  job,  he  must  do  so  at  a  profit,  or 
his  work  is  not  a  success.  To  do  this  he  must  be 
everlastingly  after  the  loose  ends,  watching  for  im- 
provements of  methods  and  for  economy  of  materials 
and  supplies.  He  must  look  out  for  close  buying,  cut 
out  unnecessary  work,  and  in  every  way  lessen  the 
cost  of  construction.  With  this  in  mind,  he  should 
know  at  all  times  what  his  work  is  costing.  He 
should  keep,  from  day  to  day,  the  costs  of  the  differ- 
ent units  in  order  that  he  may  know  at  all  times  how 
these  costs  are  running.  He  must  be  able  to  put  his 
finger  on  any  trouble  before  it  is  too  late.    Each  man 


naturally  will  work  out  just  how  he  can  best  handle 
this  personal  cost  check.  These  data  would  be  more 
in  detail  than  that  required  by  the  general  office. 

During  the  progress  of  the  work  a  diary,  or  log 
of  progress,  and  running  history  of  the  work  should 
be  kept.  This  should  cover  a  record  of  any  orders 
or  instructions  that  have  been  given.  This  record 
is  important  as  history  to  settle  any  disagreements 
which  m.ay  arise.  Each  day's  notes  should  be  in- 
itialled by  the  superintendent  or  by  the  person  in- 
volved in  any  occurrence  of  importance.  When  the 
contract  is  completed  the  final  estimate  is  checked, 
and  any  adjustments  of  matters  which  may  have  been 
held  open  until  the  end  are  taken  up  and  settled. 

How  are  men  trained  for  this  responsible  position? 
We  believe  the  best  way  is  to  train  the  men  inside 
the  organization — from  the  bottom  up.  Starting  at 
the  bottom,  the  man  becomes  familiar  with  the  duties 
of  the  men  in  the  various  steps  of  progress  upward; 
he  becomes  saturated  with  the  ideals  of  the  company 
and  becomes  familiar  with  its  particular  methods  of 
handling  the  work  and  system  of  cost  records;  he 
gets  to  know  the  men. 

He  may  start  as  a  timekeeper,  or  commissary  clerk, 
as  material  man,  or  even  as  a  laborer,  rising  through 
the  position  of  engineer  on  the  work,  or  through  fore- 
manship,  or  through  a  clerkship  in  the  office.  It  is 
largely  a  question  of  the  qualifications  and  capabili- 
ties of  the  man  as  to  just  the  line  he  takes.  The 
things  which  go  to  make  a  successful  superintendent 
are  largely  the  same  as  those  which  make  a  success- 
ful contractor.  These  qualifications  are  both  busi- 
ness and  moral.  He  must  be  a  good  executive,  able 
to  judge  men,  able  to  place  his  forces  so  that  each 
man  is  in  the  position  for  which  he  is  best  adapted. 
After  organizing  his  force,  he  must  be  able  so  to  in- 
spire the  loyalty  of  his  men  as  to  get  the  best  out  of 
them  that  they  are  capable  of  giving.  His  men  will 
not  be  loyal  unless  he  treats  them  fairly.  I  do  not 
mean  by  this  that  he  must  be  easy;  an  easy  boss  is 
never  respected.  He  should  know  what  a  day's  work 
is  and  be  able  to  get  it  out  of  his  men. 

The  good  superintendent  will  take  good  care  of  his 
men  and  will  furnish  a  good  camp  and  substantial 
food.  He  cannot  expect  good  work  unless  his  men 
are  well  cared  for.  A  good  business  head  is  a  prime 
necessity.  He  will  deal  with  all  kinds  of  men,  and 
he  must  have  the  business  instinct  so  developed  that 
he  can  see  quickly  whether  any  particular  act  will 
pay  as  a  business  proposition.  He  must  have  ever 
before  him  the  thought  that  he  is  there  to  make  a 
profit  for  his  employer. 

Practical  engineering  sense  well  developed  is  a  val- 
uable trait;  and  while  theoi-etical  engineering  knowl- 
edge is  a  good  thing,  what  is  really  wanted  is  what 
I  would  call  common  sense  or  practical  engineering 
knowledge.  What  I  mean  is  that  in  addition  to  know- 
ing why  a  thing  is  done  or  how  to  •figure  it  out  the- 
oretically, he  must  know  how  to  do  it  right  at  the 
least  cost;  that  is,  how  to  construct  economically 
what  another  man  has  designed.  A  detailed  knowl- 
edge of  the  various  pieces  of  machinery  employed 
on  the  work  is  a  fine  thing,  and  the  abilty  to  operate 
any  part  of  the  plant  if  it  becomes  necessary,  is  very 
valuable.  The  man  who  can  run  a  hoisting  engine 
has  an  important  acquisition.  The  good  superintend- 
ent must  be  able  to  make  decisions  promptly  and  be 
quick  to  act  in  an  emergency. 

Many  emergencies  arise  when  the  superintendent 
must  know  what  to  do  "right  off  the  bat."  I  often 
think  that   the    superintendent's   training   should    fit 
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him  to  be  a  diplomat,  for  he  surely  must  use  di- 
plomacy in  his  dealings  with  his  men  as  well  as  in 
the  dealings  with  the  engineer  and  client.  The  fac- 
ulty of  being  able  to  get  along  with  people  is  one  that 
has  definite  value  in  money.  It  costs  money  to  be 
constantly  at  variance  with  those  for  whom  one  is 
doing  work.  The  habit  of  looking  at  things  from  the 
other  fellow's  standpoint  as  well  as  your  own  is  a 
good  habit  to  form.  The  other  fellow,  in  the  major- 
ity of  cases,  intends  to  treat  you  right.  What  should 
be  done  is  to  get  him  to  see  things  from  your  point 
of  view.  If  you  make  him  angry,  it  is  almost  impos- 
sible to  accomplish  this.  It  may  be  very  exasperat- 
ing to  have  a  young  engineer,  just  out  of  school,  full 
of  theoretical  knowledge  but  without  experience,  lay 
down  the  law  and  try  to  tell  the  experienced  super- 
intendent, who  is- conscientiously  working  for  the  em- 
ployer, what  to  do.  But  it  is  the  business  of  the  su- 
perintendent patiently  to  train  the  young  engineer 
in  practical  work,  to  make  him  understand  that  both 
working  for  the  same  end  and  that  the  best  results 
are  obtained  by  working  together  rather  than  at 
cross-purposes. 

A  truly  successful  superintendent  must  be  a  man 
of  good  habits,  of  good  moral  character,  and  have  high 
ideals.  He  must  realize  that  honesty  is  not  only  the 
best  policy,  but  is  right,  and  that  it  pays  to  have  the 
reputation  of  doing  honest  work.  The  old  idea  that  a 
contractor,  in  order  to  be  successful,  must  be  what 
is  known  as  a  good  fellow,  inclined  to  drink,  and  do 
other  things  that  he  should  not,  in  order  to  entertain 
the  engineers  and  others,  is  obsolete.  Any  amount 
of  drinking  with  a  man  or  entertaining  him  will  not 
help  in  attaining  success ;  but,  on  the  other  hand, 
may  have  just  opposite  effect. 

A  good  address  is  a  valuable  asset.  While  appear- 
ances are  only  on  the  surface,  sometimes  the  first 
impression  made  by  the  outward  appearance  is  of 
vital  important.  If  practicable  the  ability  to  express 
one's  ideas  clearly  and  forcibly  in  good  language  is 
invaluable.  It  is  a  sad  fact  that  many  of  our  college 
graduates  cannot  spell  correctly.  The  longer  I  live 
the  more  I  am  impressed  with  the  importance  of  be- 
ing able  to  talk  convincingly  on  your  feet,  an  accom- 
plishment which  I  never  acquired.  The  ability  to 
go  on  a  job  and  take  it  all  in  is  also  important.  The 
habit  of  observation  should  be  cultivated.  Loyalty 
to  the  employer  is,  of  course,  essential.  The  man 
who  does  not  have  this  quality  is  in  the  same  class 
as  he  who  receives  money  under  false  pretense,  and 
has  the  making  of  a  Benedict  Arnold.  If  you  are 
not  in  sympathy  with  the  people  you  work  for,  you 
should  get  out.  I  believe  that  the  superintendent 
should  be  constantly  striving  to  widen  his  acquaint- 
ance with  engineers,  contractors  and  others  with 
whom  his  company  may  later  have  business  relations. 
He  must  always  keep  his  eyes  open  to  see  how  the 
other  fellow  does  his  work,  ever  ready  to  select  bet- 
ter methods  than  those  he  is  using.  In  doing  this, 
he  broadens  his  viewpoint  and  becomes  a  better  en- 
gineer. 

I  have  left  to  the  last,  two  of  the  most  important 
ciualifications  without  which  I  believe  it  is  impossible 
to  become  successful.  The  first  is  the  willingness  to 
assume  responsibility.  It  is  far  better  to  do  some- 
thing and  do  it  wrong  than  to  do  nothing.  The  man 
who  is  always  waiting  for  some  one  to  tell  him  what 
to  do  and  how  to  do  it,  does  not  get  anywhere.  Take 
responsibility  and  put  all  that  there  is  in  you  to  do 
right  what  you  have  assumed  to  do.  The  other  quali- 
fication is  what  I  call  "stick-to-itiveness."     The  quit- 


ter should  never  enter  the  contracting  game  for  there 
is  no  place  for  him  in  it.  What  is  wanted  is  the  man 
who  does  the  thing  he  starts  out  to  do,  in  spite  of 
good  reasons  why  it  can  not  be  done;  who  does  not 
know  when  he  is  beaten ;  who  does  not  know  how  to 
quit.  If  there  is  a  "yellow  streak"  or  quitting  streak 
in  a  man,  he  should  never  start  in  a  career  leading  to 
that  of  a  contractor's  superintendent.  We  have  in 
our  organization  men  who  when  they  set  out  to  do 
a  task,  do  it.  We  simply  forget  that  it  is  to  be  done 
and  assume  that  it  is  as  good  as  done  when  it  is 
turned  over  to  them.  That  is  the  kind  of  man  wanted 
as  superintendent  and  that  kind  of  a  man  is  bound 
to   succeed. 


The  Fuel  Value  of  Wood 

In  view  of  the  present  coal  shortage  it  is  possible 
that  some  contractors  may  have  to  use  wood  as  fuel 
for  their  power  units  on  minor  construction  jobs.  Ac- 
cording to  the  U.  S.  Forest  Service  2  lb.  of  seasoned 
wood  have  a  fuel  value  approximately  equal  to  1  lb. 
of  coal.  While  diflferent  kinds  of  wood  have  differ- 
ent fuel  values,  in  general,  the  greater  the  dry  weight 
of  a  non-resinous  wood,  the  more  heat  it  will  give 
out  when  burned. 

For  such  species  as  hickory,  oak,  beech,  birch,  hard 
maple,  ash,  locust,  longleaf  pine  or  cherry,  which 
have  comparatively  high  fuel  values,  one  cord,  weigh- 
ing about  4,000  lb.,  is  required  to  equal  one  ton  of 
coal.  It  takes  1  ^^  cords  of  shortleaf  pine,  hemlock, 
red  gum,  Douglas  fir,  sycamore,  or  soft  maple,  which 
weighs  about  3,000  lb.  a  cord,  to  equal  a  ton  of  coal, 
while  for  cedar,  redwood,  poplar,  catalpa,  Norway 
pine,  cypress,  basswood,  spruce  and  white  pine,  two 
cords,  weighing  about  2,000  lb.  each,  are  required. 

Weight  for  weight,  however,  there  is  very  little 
difference  between  various  species.  Resin  affords 
about  twice  as  much  heat  as  wood,  so  that  resinous 
woods  have  a  greater  heat  value  per  pound  than  non- 
resinous  woods,  and  this  increased  value  varies,  of 
course,  with  the  resin  content. 

The  available  heat  value  of  a  cord  of  wood  depends 
also  on  the  amount  of  moisture  present.  When  the 
wood  is  green  part  of  the  heat  which  it  is  capable  of 
yielding  is  taken  up  in  evaporating  the  water.  The 
greater  amount  of  water  in  the  wood  the  more  heat  is 
lost.  Furthermore,  cords  vary  as  to  the  amount  of 
solid  wood  they  contain,  even  when  they  are  of  the 
standard  dimension  and  occupy  128  cu.  ft.  of  space. 
A  certain  proportion  of  this  space  is  made  up  of  air 
spaces  between  the  sticks,  and  this  air  space  may  be 
considerable  in  a  cord  of  twisted,  crooked,  and  knotty 
sticks.  Out  of  the  128  cu.  ft.,  a  fair  average  of  solid 
wood  is  about  80  cu.  ft.  This,  however,  applies  to 
the  standard  cord,  in  which  the  sticks  are  cut  to  4- 
ft.  lengths  and  piled  4  ft.  high  and  8  ft.  long.  In- 
stead of  buying  the  4-ft.  lengths,  however,  the  sticks 
are  usually  cut  into  2-ft.  lengths  by  a  gasoline  saw. 
This  results  in  a  saving  of  both  time  and  labor.  The 
purchaser  should,  however,  take  care  to  see  that  he 
gets  full  measurement  when  wood  is  bought  in  this 
way.  In  parts  of  New  England  a  stack  of  16-in.  wood 
4  ft.  high  and  8  ft.  long  is  commonly  sold  as  a  "run," 
but  contains  only  one-third  of  a  cord. 

Each  section  of  the  country  has  its  favored  woods 
and  these  are  said  to  be,  in  general,  the  right  ones  to 
use.  Hickory,  of  the  non-resinous  woods,  has  the 
highest  fuel  value  per  unit  volume  of  wood,  and  has 
other  advantages.  It  burns  evenly  and  holds  the 
heat. 
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Encasing   Steel  Frame  of   131  ft. 
Tower  in  Concrete 

Unusual  and  elaborate  form  construction  was  re- 
quired for  placing  the  concrete  fireproofing  of  the 
steel-frame  clock  tower  of  the  large  freight  stati^^n 
now  being  built  at  Chicago  for  the  Pennsylvania 
Lines. 

The  tower  has  a  height  of  131  ft.  3  in.  above  the 
main  building  and  is  divided  into  eight  floors;  seven 
being  octagonal  in  plan  and  one  square  with  a  pyra- 
midal roof.  Between  the  fourth  and  fifth  floors  will 
be  a  50,000-gal.  sprinkler  service  tank,  and  above  the 
sixth  floor  will  be  the  clock  with  four  16-ft.  dials. 


Oct.  24,  1917.  This  plant  was  moved  to  a  location 
near  the  base  of  the  tower  and  discharged  the  con- 
crete into  wheelbarrows  which  were  hoisted  three  at 
a  time  and  poured  directly  into  the  forms.  Most  tedious 
of  all  was  the  concreting  of  the  pyramidal  roof  where 
412-in.  trangular  reinforced  concrete  slabs  had  to  be 
cast  between  the  roof  girders. 

When  finished  in  light-red  pressed  brick  with  green 
terra  cotta  trimmings  and  a  roof  of  green  tile,  this 
tower  will  be  the  conspicuous  architectural  feature  of 
the  station. 


steel    Frame    of    This    131 -Ft.    Tower    Was    Encased    in    Concrete. 

The  floors  have  412-in.  concrete  slabs  and  all  the 
girders,  framing  and  columns  are  encased  in  con- 
crete. In  compliance  with  the  city  ordinance  these 
members  have  to  be  completely  enclosed  by  at  least  2 
in.  of  concrete  A  separate  form  had  to  be  built 
around  each  member  and  the  concrete  worked  in,  al- 
most like  grout,  around  the  steel  and  wire  meshing. 

As  the  picture  indicates,  the  concrete  was  hoisted 
by  a  tower.  The  mixing  was  performed  by  a  portable 
car  plant  described  in  Engineering  and  Contracting, 


Strange  Freak  of  Dynamite 

By  J.  B.  STONEKING,  M.E. 
Recently,  while  sinking  a  new  shaft  on  the  prop- 
erty of  the  Land  Lead  Mining  Co.  at  Joplin,  Mo.,  a 
peculiar  incident  occurred  which  illustrates  the 
enormous  power  of  dynamite,  the  peculiarities  of  rock 
cleavage  and  breakage  lines,  and  the  effect  of  air  re- 
sistance on  a  rapidly  whirling  body. 

A  5%-in.  well  drill  prospect  hole  had  been  sunk 
previously  to  locate  the  ore  bodies,  and  a  shaft  5  ft. 
by  7  ft.  begun,  using  the  well  drill  hole  as  a  center 
line.  When  the  bottom  of  the  shaft  was  75  ft.  be- 
low ground  surface  in  solid  hard  limestone,  the  inci- 
dent mentioned  occurred.  The  cut  holes,  eight  in 
number  and  5  ft.  deep,  were  arranged  to  blast  out  the 
center  cut  to  relieve  the  burden  on  the  rib  or  "squar- 
ing up"  holes  to  be  drilled  later.  These  eight  cut 
holes  were  each  loaded  with  four  cartridges  of  1%- 
in.  X  8-in.  Red  Cross  gelatin  of  40  per  cent  strength 
and  a  No.  6  electric  blasting  cap,  making  a  total  of 
32  cartridges. 

The  eight  holes  were  fired  simultaneously  with  an 
electric  blasting  machine,  and  the  force  of  the  blast 
threw  a  large  boulder  from  the  bottom  to  a  height 
100  ft.  above  the  top  of  the  shaft.  The  boulder  fell 
50  ft.  away  from  the  center  of  the  shaft  on  top  of 
the  mine  car  track  leading  to  the  dump,  breaking  and 
bending  it  out  of  shape.  This  boulder  when  meas- 
ured was  1^2  ft.  thick,  3  ft.  wide  and  4  ft.  6  in.  long, 
but  was  somewhat  irregular  in  shape  and  was  esti- 
mated to  contain  about  16  cu.  ft.  A  conservative  es- 
timate for  the  weight  of  this  class  of  stone  is  165 
lb.  per  cubic  foot,  which  would  make  the  total  weight 
of  the  boulder  approximately  2,600  lb. 

A  peculiar  feature  of  this  blast  is  that  although 
there  was  a  large  hole,  5''(s  in.  in  diameter  in  the  cen- 
ter, the  rock  did  not  disrupt  or  break  along  an  imag- 
inary line  drawn  through  this  center  hole,  which 
might  be  theoretically  taken  as  the  weakest  part. 
This  boulder  came  out  and  landed  with  the  well  drill 
hole  intact  through  the  18  in.  of  thickness,  and  not 
even  a  crack  was  found  radiating  outward  from  the 
center. 

Another  peculiar  feature  of  this  boulder's  freak 
performance  was  that  it  rose  to  the  top  of  the  flight 
without  any  twisting  or  whirling,  but  at  the  start  of 
its  descent  it  began  whirling  rapidly,  and  this  whirl- 
ing action  caused  it  to  curve  outward  and  land  50 
ft.  away  from  the  shaft. 

Since  the  boulder  did  not  strike  the  sides  of  the 
shaft  in  the  upward  course,  as  evidenced  by  its  not 
whirling,  the  line  was  practically  pei'pendicular,  or, 
at  the  maximum,  a  very  slight  angle  from  the  vertical. 
Taking  the  maximum  angle  which  would  allow  the 
boulder  to  clear  the  collar  of  the  shaft  without  touch- 
ing, the  point  at  which  it  would  have  struck  the 
ground  should  be  20  ft,  from  the  shaft. 
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Notes  on  the  Performance  of 
Hoisting  Ropes 

The  hoisting  ropes  at  the  mines  of  the  New  Jersey 
Zinc  Co.  at  Franklin,  N.  J.,  are  IVs  in.  diameter,  plow 
steel,  6  by  19  regular  lay  and  6  by  7  long  lay.  They 
support  a  skip  weighing  empty  about  2^,i  tons,  with 
an  average  ore  load  of  about  6  tons  and  average 
weight  of  "rope  out"  of  about  1,000  ft.  or  1  ton.  They 
are  wound  over  10-ft.  diameter  drums  and  12-ft.  di- 
ameter head  sheaves,  and  are  supported  in  the  shaft 
by  9-in.  diameter  idler  pulleys  spaced  30  ft.  apart  on 
the  shaft  slope  of  47°  30'.  Each  rope  is  2,000  ft.  long. 
Interesting  data  for  the  performance  of  these  hoist- 
ing ropes  are  given  in  a  100-page  paper  describing 
the  mining  operations  prepared  by  Mr.  C.  M.  Height 
and  O.  F.  Tillson  for  presentation  at  the  St.  Louis 
meeting  of  the  American  Institute  of  Mining  Engi- 
neers. The  following  notes  are  taken  from  the  above 
paper : 

The  hoisting  ropes  are  e.xamined  each  day  before 
regular  hoisting  starts,  and  at  this  time  the  rope  is 
run  very  slowly  past  the  inspectors,  who  look  for 
broken  wire  or  other  signs  of  weakness.  A  lubricant 
is  used  on  the  rope,  but  it  is  such  that  it  does  not 


n-BoU«  on    Side   or  Looec  End  -  Malu  Rope  has 
the  I'nrt  of  Clamp  with  Greater  Bearing  Surface 


coat  the  rope  so  that  the  wires  cannot  be  seen.  The 
rope  is  attached  to  the  bale  of  the  skip  with  a  thim- 
ble and  clevis,  not  with  a  socket.  Seven  clamps  (see 
Fig.  1)  are  used  to  fasten  the  rope  and  these  are 
all  so  placed  on  the  rope  that  the  U-bolt  part  of  the 
clamp  bears  on  the  turned  up  end  of  the  rope  and  the 
broader  piece  bears  on  the  main  rope. 

Tests  have  indicated  that  this  method  of  attach- 
ment permits  the  support  of  a  load  equal  to  the  ul- 
timate strength  of  the  rope,  but  when  the  rope  clamps 
are  alternated  the  rope  may  fail  at  80  per  cent  or  less 
of  its  normal  strength  because  of  the  concentration 
of  stresses  where  the  U-bolt  constricts  the  standing 
portion  of  the  rope.  Experience  with  various  types 
of  ropes  has  given  results  favoring  a  plow-steel  Lang- 
lay  rope  of  6  strands  and  7  wires  per  strand  for  use 
where  the  sheave  wheels  and  hoist  drums  are  of  suffi- 
cient diameter  to  avoid  excessive  bending  (in  this 
case  12  ft.  [3.66  m.]  and  10  ft.  [3.04  m.]  respec- 
tively), since  a  greater  reduction  of  diameter  by  wear 


may  be  suffered  without  fracture  of  the  wires.  This 
wearing  service  is,  of  course,  more  impoi-tant  in  a 
slope  shaft  than  a  vertical  one.' With  the  regular  lay 
ropes  first  installed,  the  type  selected  had  a  special 
arrangement  of  large  wires  at  the  outside  of  each 
strand  (known  as  Seale  patent  lay)  and  this  type 
of  rope  gave  good  service.  Ropes  with  Scale's  pat- 
ent lay  of  wires  have  also  been  tried  in  the  Lang-lay 
type,  but  they  increased  in  diameter  at  various  points 
with  a  loosening  of  the  outer  wires  (or  "bird-cag- 
ing") so  the  stress  was  carried  largely  by  the  few 
inner  wires.  This  condition  was  undoubtedly  aggra- 
vated by  the  fact  that  the  hoist  drums  will  not  hold 
all  the  rope  in  one  layer  so  there  is  a  beating  or  slap- 
ping effect  as  the  second  layer  is  guided  over  the  first 
layer.  "Bird-caging"  is  also  more  severe  when  a 
swivel  attachment  of  a  6x19  Lang-lay  rope  is  made 
to  the  bale  of  the  skip  because  the  twists  of  both  the 
wires  in  the  strands  and  the  strands  of  the  rope  are 
in  the  same  direction  of  rotation.  Therefore,  as  the 
rope  is  stretched  the  pitch  of  the  strands  becomes 
greater,  and  the  wires  in  the  strands  are  untwisted 
a  certain  amount.  The  outer  wires  of  the  strands 
are  lengthened  in  this  manner  disproportionately  with 
the  inner  wires  and  "bird-caging"  is  the  result.  If 
there  are  only  seven  wires  in  the  strand  there  is  only 
one  layer  about  the  core  wire,  so  the  above  effect  is 
not  produced.  With  a  regular-lay  rope  a  swivel  is 
an  advantage  as  it  permits  the  rope  to  rotate  as  its 
length  changes,  and,  since  the  wires  in  the  strand 
are  twisted  in  the  "opposite  hand"  to  the  twist  of  the 
strands  of  the  rope,  they  tend  to  counteract  the  un- 
twisting of  the  rope  and  their  outer  wires  are  made 
tighter.  As  a  result  of  the  excellent  manner  in  which 
it  is  standing  up  under  severe  service,  the  6x7  Lang- 
lay  ropes  are  preferred  in  slope  shafts  provided  with 
well  proportioned  head-sheaves  and  hoist  drums. 

Table  I  gives  a  record  of  service  of  various  types 
of  rope  with  the  corresponding  foot-tons  of  work  per- 
formed. These  ropes  were  taken  out  of  service  when 
the  appearance  of  a  number  of  broken  wires  in  prox- 
imity made  this  safety  precaution  appear  advisable. 


The  records  of  the  Bridge  Builders  and  Structural 
Society,  as  collected  by  its  secretary,  show  that  dur- 
ing the  month  of  October,  1917,  61  Vo  per  cent  of  the 
entire  capacity  of  the  bridge  and  structural  shops  of 
the  country  was  contracted  for. 


The  Italian  State  Railways  has  started  construction 
on  a  hydro-electric  station  at  Bardonecchia  (Susa),  a 
town  in  the  Cottian  Alps,  5  miles  from  the  French 
frontier  on  the  Modane  line.  The  cost  of  this  plant 
will  be  about  $4,000,000. 


Foot- tons 
of  work     Remarks. 

performed. 
471,758.554         A 
326,441,347         B 


798,199,901 

651,957,881 

978,399,228 

1,468,287,514 


TABLE  I— RECORD  OF  HOISTING  ROPES  IN  PALJIER  SHAF^ 

Tvoe  of  rope.  Period  in  service.  Tons  ore 

hoisted. 

6  bv  19,  Seale  patent,  ordinary-lay.  South  rope April  27,  1910.  to  Feb.  8,  1912,  or  650  days Ill-Ill 

North  rope   (above  plus) Nov.  4.  1913,  to  Sept.  20,  1914,  or  320  days 200.864 

6  by^igrsea'le* patent,  Lang-lay  South  Vop^::.';::!;:  iilFeb.   8,  iVlfio  VSovV C 1913^ or  634  days ^?|'||J 

North   rope    Feb.   8,  1912,  to  Sept.  20,  1914.  or  954  days 609,732 

6  by  7    Lang-lay,  each  rope  North  and  South  the  same, Sept.  20,  1914.  to  June  1,  1917,  or  983  days,  and    955,470 

still  in  service  June  28,   1917. 

Remarks.— Foot-tons  of  work  does  not  include  weight  of  skip  empty  and  rope  when  lowering.  The  above  figures  should  be 
increased  approximately  38  per  cent  to  cover  this  item. 

A.  North  and  South  ropes  taken  out  of  service  because  of  the  number  of  places  broken  wires  showed;  the  maximum  num- 
ber of  iiroken  wires  within  one  foot  was  12.  ,  ,     ,,      ,.,  .    ,  ,,,         ,    .  „  .    „ 

B  North  rope  returned  to  service  as  an  emergency  after  Lang-lay  6x19  North  rope  became  badly  bird-caged  and  had  a 
number    of    broken    wires    in    one    strand    ravellins,    since    breaking  test.s  of  sample  gave  confidence  in  the  rope. 

C      Lang-lay  South  rope  removed  for  reason  given  in  remark    "B."    It  was  turned  end  for  end  on  April  4    191,!. 

D.  Lang-lay  6x19  North  rope  "bird-caged"  considerably  after  it  was  in  service  a  short  time,  but  had  tew  breaks  ot  wires 
until   Sept.    20.   19i4,   when   there  were   possibly   16   breaks   in   three  feet.  ,       ,■         v   *     . ,  «„*  »».^ 

E.  Lang-lav  6x7  North  and  South  ropes  were  turned  end  for  end  on  July  6.  1916,  as  a  matter  of  pohcy,  but  show  not  more 
than  four  broken  wires  each  at  present,  and  these  are  now  wrapped  on  the  drum.  The  North  rope  has  suffered  severe  stresses 
twice   because   of   skip   derailments    during   hoisting.     They   appear  'n  excellent  condition, 
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The  Work  of  U.  S.  Army  Engineer 
Corps  Since  War  Began 

The  Corps  of  Engineers  of  the  Army  since  April 
6  has  not  only  been  supplying  the  engineer  equipment 
for  an  army  of  1,000,000  men,  but  has  undertaken  the 
unprecedented  task  of  furnishing  railroads  complete 
from  the  United  States  for  operation  in  France. 

The  engineers  construct  the  free  arteries  through 
which  flow  great  armies,  reinforcements,  supplies, 
and  ammunition  to  the  extremities  of  the  lines. 

From  March  1  to  Nov.  1  the  Corps  of  Engineers 
increased  its  personnel  from  256  oflJicers  on  the  ac- 
tive list  to  394  officers  and  14  retired  officers  on  ac- 
tive duty  and  in  addition  has  commissioned  more 
than  5,000  reserve  oflScers.  The  enlisted  force  has 
expanded  from  2,100  to  95,000,  and  there  has  also 
been  a  heavy  increase  in  civilian  employes. 

In  addition,  nine  railroad  regiments  and  one  for- 
estry regiment  have  been  raised  as  part  of  the  Na- 
tional Army.  Seventeen  pioneer  regiments  have  been 
authorized  as  part  of  the  National  Army  and  are  rap- 
idly organizing.  National  Guard  units,  equivalent  to 
about  seven  regiments,  have  been  called  into  the  Fed- 
eral service,  and  their  reorganization  into  17  pio- 
neer Engineer  regiments  for  the  17th  divisions  of  Na- 
tional Guard  troops  is  well  under  way. 

Engineer  officers'  training  camps  were  established 
in  each  of  the  16  training  camp  areas,  the  number  of 
candidates  for  Engineer  commissions  taken  from  each 
camp  being  150.  After  a  month's  training  in  the  same 
camps  with  candidates  for  commissions  in  other 
branches  of  the  service  the  Engineer  sections  were 
transferred  to  three  Engineer  training  camps  with 
special  facilities  for  technical  instruction,  one  in  the 
vicinity  of  Washington,  one  at  Fort  Leavenworth, 
Kas.,  and  one  at  Vancouver  Barracks.  Washington, 
Instruction  was  continued  there  for  two  months.  In 
August,  1,900  candidates  were  graduated  and  are  now 
holding  commissions. 

Large  numbers  of  engineer  graduates  of  training 
camps  have  been  assigned  to  new  regiments  and  spe- 
cial units  are  being  organized  and  the  training  of 
enlisted  men  in  the  National  Army  will  be  largely 
under  their  supervision.  A  number  are  in  France 
for  special  training. 

On  Dec.  1  about  1,200  Engineer  Reserve  officers 
will  be  graduated  from  a  second  Engineer  officer's 
training  camp. 

A  duty  imposed  upon  the  engineers  has  been  the 
purchase  of  the  necessary  engineer  equipment  for 
more  than  1,000,000  men.  The  urgent  deficiencies  act 
approved  June  15,  1917,  appropriated  for  the  purpose 
amounts  aggregating  in  excess  of  $130,000,000,  an 
amount  comparable  with  the  purchase  of  material, 
equipment,  and  supplies  for  the  Panama  Canal  dur- 
ing the  10  years  of  its  construction.  The  urgent  de- 
ficiencies act  approved  Oct.  6,  1917,  provides  $198,- 
100,000  additional  for  engineering  purposes  and  it  is 
expected  that  all  of  this  will  be  expended  during  the 
present  fiscal  year. 

Within  350  hours  after  the  Engineer  Corps,  follow- 
ing the  declaration  of  war,  advertised  for  equipment, 
awards  had  been  made  covering  the  requirements  of 
1,000,000  men,  a  total  of  8,700,000  articles,  which  in- 
cluded among  other  items  4  miles  of  pontoon  bridge. 
Approximately  two  months  was  the  average  time  of 
delivery  secured  on  all  of  this  material. 

On  Sept.  7,  two  weeks  after  receipt  of  instructions, 
equipment  was  en  route  to  the  various  National  Guard 
and    National    Army    organizations     at    cantonments 


throughout  the  country.  These  shipments  comprised 
a  total  of  about  48,000,000  lb.  in  some  64,000  separate 
cases  and  packages. 

By  Nov.  1  the  outstanding  obligations  on  orders 
placed  for  engineer  material,  equipment,  and  sup- 
plies, aggregated  $130,000,000,  and  disbursements  in 
payments  for  material  delivered  had  reached  the  sum 
of  $15,000,000  per  month. 

Another  important  task  of  the  engineers  has  been 
to  provide  efficient  methods  for  the  receipt,  storage, 
and  shipment  abroad,  with  proper  accounting  sys- 
tem, for  this  mass  of  supplies  as  well  as  for  the  vast 
equipment  for  field  operations  and  construction  work. 

The  engineers  of  the  railway  section  have  under- 
taken to  transport  and  install  and  put  into  operation 
overseas  a  complete  railroad  equipment.  The  rail- 
way problem  in  the  theater  of  operations  in  France, 
involves  not  only  the  organization,  equipment,  and 
military  training  of  railroad  troops  for  the  construc- 
tion, maintenance,  and  operation  of  standard  and 
narrow  gage  roads  necessary  for  the  supply  of  our 
armies,  but  also  the  purchase,  inspection,  and  ship- 
ment of  immense  quantities  of  railroad  equipment — ~ 
rails,  ties,  locomotives,  cars,  shop  tools,  etc. — neces- 
sary for  the  development  of  adequate  port  facilities, 
construction  of  new  lines  and  their  successful  opera- 
tion. The  estimate  of  the  situation  in  France  was 
confirmed  by  the  French  commission,  headed  by  Mar- 
shal Joffre,  and  the  means  of  meeting  it  have  been 
carried  on  with  intensity. 

Trained  officials  in  various  departments  of  Amer- 
ican railroads  were  called  upon  for  the  officers,  and 
experienced  railroad  employes  for  the  enlisted  men, 
of  the  nine  railroad  regiments,  each  of  33  officers  and 
approximately  1,100  men. 

The  cost  of  materials  ordered  to  date  is  approxi- 
mately $70,000,000,  including  some  hundreds  of  loco- 
motives, more  than  100,000  tons  of  steel  rails,  more 
than  3,000  complete  turnouts,  500.000  ties,  12,000 
freight  cars,  600  fill  and  ballast  cars,  600  miles  of 
telephone  wire  and  apparatus,  as  well  as  vast  quan- 
tities of  construction  and  repair  equipment. 

The  engineers  have  also  undertaken  the  work  of  or- 
ganizing and  equipping  special  troops  for  special 
services,  such  as  lumber  supply,  road  construction, 
sanitary  construction,  camouflage  service,  gas  and 
flame  service,  mining  work,  mapping,  etc. 

Preferred  attention  has  been  given  to  the  organiza- 
tion and  equipment  of  the  first  forestry  regiment,  to 
be  sent  to  France  to  produce  lumber  and  timber  from 
French  forests.  Three  additional  regiments  are  to 
be  organized.  The  co-operation  of^  the  Forestry 
Service  of  the  Department  of  Agriculture  has  been 
extended  in  the  selection  of  personnel  and  equipment. 
In  addition  to  all  of  these  duties,  the  Engineer 
Corps  has  maintained  its  regular  service  in  the  pres- 
ervation and  improvement  of  navigable  waters  in  the 
United  States  and  construction  of  coast  defenses. 
New  batteries  are  being  pushed  to  completion  with 
energy. 


On  77  of  the  principal  railroads  of  the  United 
States,  a  saving  of  114,109  cars  was  effected  in  one 
month  this  year  solely  by  increasing  the  average  load- 
ing of  "less  than  carload"  freight.  The  reports  on 
which  these  figures  are  based — the  latest  have  been 
compiled — cover  the  months  of  July  this  year  and 
July,  1916.  They  show  that  the  average  loading  for 
this  class  of  freight  during  July  this  year  was  13,927 
lbs.,  as  compared  with  an  average  of  11,619  lb.  during 
the  same  month  last  year. 
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Portable  Wooden  Building  for 
Small  Construction  Grew 

A  portable  building  that  can  be  taken  apart  read- 
ily and  shipped  to  another  location  if  desired,  thus 
making-  it  applicable  to  either  temporary  or  semi-per- 
manent locations,  is  employed  by  the  Chicago  & 
Northwestern  Ry.  for  housing  maintenance  of  way 
construction  crews.  The  arrangement  was  described 
in  a  paper  presented  at  the  recent  convention  of  the 
American  Railway  Bridge  and  Building  Association, 
from  which  this  note  and  the  illustration  are  taken. 


Concreting  Sewer  from  Top  of 
Spoil  Bank 

In  the  rebuilding  of  an  11-ft.  brick  sewer  for  the 
city  of  Cincinnati,  0.,  the  contractor  expedited  the 
work  by  placing  the  mixer  on  the  spoil  bank  and 
spouting  the  concrete  directly  into  the  sewer  forms. 

The  contract  covers  955  ft.  of  work,  270  ft.  of  which 
is  in  tunnel.  The  specifications  call  for  the  top  to 
be  taken  off  the  old  brick  sewer  to  the  spring  line 
and  the  construction  of  a  box  top  of  concrete  on  the 
old  bed,  so  as  to  make  a  17  ft.  sewer  out  of  it. 
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Plan,  Side   Elevation   and  Construction   Details  of  Portable  Building  for  Housing  Maintenance  of  Way  Gangs. 


The  structure  is  8  ft.  by  16  ft.  over  all  with  a  shed 
roof  71/2  ft.  high  on  one  side  and  8' 2  ft.  on  the  other. 
The  sides,  ends,  floor  and  roof  are  separate  pieces 
for  convenience  in  handling,  transporting,  erecting 
or  taking  down.  It  is  stated  that  the  building  can  be 
taken  down  and  loaded  on  cars  at  a  cost  not  exceed- 
ing $5,  and  that  it  can  be  unloaded  and  erected  at  a 
new  location  for  a  like  amount. 


The  bottom  of  the  old  sewer  had  to  be  raised  sev- 
eral feet.  This  necessitated  the  construction  of  coffer 
dams  and  flumes,  one  of  which  is  shown  in  the  lower 
center  of  the  illustration.  After  taking  the  sediment 
out  of  the  old  sewer  the  new  concrete  bottom  was 
placed  directly  on  the  old  brick  floor. 


Soil  Sampler 

The  accompanying  sketch  shows  an  arrangement 
devised  for  obtaining  bore  samples.  The  device  con- 
sists of  an  outer  section,  composed  of  6-in.  light 
weight  well  casing,  which  is 
forced  down  by  a  weighted 
platform.  The  inner  section 
is  made  of  5-in.  light  weight 
well  casing  and  carries  the 
cutter.  The  two  sizes  of  cas- 
ing rest  snugly  but  not  tight- 
ly so  that  the  barrel  moves 
freely  within  the  outer  case. 
The  arrangement  was  de- 
signed by  Mr.  R.  R.  Ryan, 
C.E.,  and  was  first  used  in 
1909  in  bringing  up  samples 
of  the  soil  at  the  site  of  Flor- 
ence Bridge,  Florence,  Ariz. 


Vertical     Half    Section 
Soil    Samples. 
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Discharge  Chute  of  Mixer  Was  Coupled  to  Spouting  System. 

A  steam  shovel  was  used  in  excavating  the  soil 
above  the  old  sewer  and  the  dirt  taken  out  was  all 
piled  up  on  the  north  side  to  give  an  elevation  high 
enough  for  spouting  the  concrete  down  directly  into 
the  forms  by  the  gravity  system.    The  contractor,  Mr. 
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J.  J.  Foley,  is  using  a  Cincinnatus  paving  mixer  of  the 
self-tractor  type  for  the  concrete  work.  As  the  mixer 
is  easily  moved  along  to  keep  abreast  with  the  job,  it 
eliminates  the  expense  of  constructing  runways  for 
wheeling  the  concrete  to  the  forms.  The  illustration 
shows  how  the  discharge  chute  of  the  paver  was 
coupled  up  to  the  spouting  sj-stem. 


Regulations  of  State  of  Wash- 
ington Regarding  Construc- 
tion Camps 

Contractors  and  all  other  persons  who  may  es- 
tablish an  industrial  camp  or  camps  for  the  pur- 
pose of  logging  or  any  like  industry  or  for  the 
purpose  of  constructing  any  road,  railroad  or  irriga- 
tion canal,  or  other  work  requiring  the  maintenance 
of  camps  for  men  engaged  in  such  work,  or  any  other 
temporary  or  permanent  industrial  camps  of  whatso- 
ever nature,  shall  report  to  the  State  Commissioner 
of  Health  so  as  to  maintain  good  sanitary  conditions, 
and  shall  at  all  times  keep  such  camp  or  camps  in  a 
sanitary  condition  satisfactory  to  the  State  Commis- 
sioner of  Health. 

The  health  officer  of  each  county  shall  report  to  the 
State  Commissioner  of  Health  on  the  location  and 
sanitary  conditions  of  all  industrial  or  construction 
camps  within  his  jurisdiction  in  the  month  of  June 
each  year,  and  at  such  other  times  as  the  Commis- 
sioner of  Health  may  require. 

All  contractors  and  other  persons  responsible  for 
the  control  and  management  and  construction  of,  in- 
dustrial camps  must  use  all  responsible  precautions 
to  protect  the  men  in  their  employ  from  disease  and 
to  that  end  they  shall  comply  with  the  following  reg- 
ulations adopted  by  the  State  Board  of  Health. 

The  following  are  the  instructions  and  recommenda- 
tions relative  to  the  proper  sanitation  of  camps.  The 
natural  topography  of  the  land  where  camps  must 
of  necessity  be  located  renders  it  impossible  to  spec- 
ify in  detail  complete  plans  for  temporary  camps,  but 
the  management  of  camps  will  be  held  strictly  re- 
sponsible for  failure  or  refusal  to  comply  with  the 
general  intent  and  spirit  of  these  regulations. 

Camps  must  be  established  upon  dry,  well-drained 
ground. 

All  natural  sink  holes  or  collections  or  pools  of 
water  must  be  drained  and  filled  when  the  camp  is 
first  established. 

The  stable  and  kitchen  must  be  separated 
by  a  distance  as  great  as  consistent  with  the  natural 
topography  of  the  land  upon  which  the  camp  is  lo- 
cated. 

The  toilets  must  be  located  convenient  to  the  bunk 
houses,  and  as  far  removed  from  the  kitchen  and  eat- 
ing house  as  may  be  practicable. 

The  use  of  toilets  provided  for  the  men  must  be 
made  obligatory,  and  instant  discharge  of  any  em- 
ploye polluting  the  soil  in  the  camp  must  be  rigidly 
enforced. 

In  camps  of  100  or  over  there  must  be  one  employe 
whose  principal  duty  shall  be  to  act  as  scavenger 
and  garbage  collector. 

All  manure  from  the  barns  must  be  collected  and 
burned  at  least  once  in  each  week.  Instead  of  burn- 
ing, the  manure  may  be  used  as  fertilizer  on  fields 
not  less  than  M:  mile  from  camp. 

All  toilets  in  the  camp  must  be  fly-proof.  (The  State 
Board  of  Health  will  furnish  drawings  of  inexpensive 
fly-proof  toilets  upon  request.) 


The  kitchen  and  eating  house  must  be  effectively 
screened  against  flies. 

Garbage  must  be  collected  in  tight  cans  and  burned 
or  buried  daily.  Garbage  may  be  fed  to  pigs  pro- 
vided the  pen  is  located  not  less  than  100  ft.  from 
the  cook  or  eating  house  and  kept  in  a  sanitary  con- 
dition. 

Tin  cans  and  other  non-inflammable  refuse  must 
be  collected  daily  and  burned  over  every  10  days  or 
buried  in  a  pit. 

Food  supplies  must  be  carefully  screened  and 
thorough  and  systematic  scrubbing  of  kitchen,  eating 
houses  and  bunk  houses  must  be  observed. 

The  supply  of  water  for  the  camp  must  come  from 
an  absolutely  uncontaminated  source. 

Care  must  be  taken  not  to  pollute  the  water  sup- 
ply of  another  camp  or  the  water  supply  of  any  of 
the  people  of  the  State  of  Washington. 

All  sick  from  whatever  cause  should  be  isolated 
from  the  remainder  of  the  crew  immediately. 

All  persons  engaged  in  the  care  of  the  premises  and 
handling  of  the  food,  particularly  cooks  and  helpers, 
.should  be  carefully  examined  and  particular  atten- 
tion paid  to  the  point  as  to  whether  or  not  they  have 
suffered  from  typhoid  fever  within  recent  years. 


Timber  Track  Sections  for  Light  Steam 
Shovels 

Timber  track  sections,  constructed  as  shown  in  the 
sketch,  have  been  used  with  success  as  runways  for 
light  steam  shovels.  The  sections  are  made  of  4x6- 
in.  timbers  with  thin  spacing  strips  between  and  are 
bolted  together  by  three  -o-in.  bolts.  The  sections 
shown  are  4I/2   ft.  long,  but  this  length  would  vary 


Interlocking    Runway   for   Steam    Shovel    Work. 

with  the  machine.  The  runways  are  particularly 
serviceable  in  making  turns,  as  there  is  enough  play 
in  the  interlocking  joints  to  permit  of  the  taking  up 
of  a  section  and  moving  it  over  one  notch,  thus  al- 
lowing the  rear  wheel  to  run  squarely  on  it. 


Personals 


Professor  Ray  C.  Teoman,  dean  of  the  engineering  depart- 
ment of  Valparaiso  University,  has  been  appointed  assistant 
professor  of  highway  engineers  at  Purdue  University,  and  wiU 
talie  up  his  duties  on  Dec.  1.  He  succeeds  G.  E.  iVIartin.  now  a 
captain  m  the  U.   S.   Army. 

J.  E.  Lewis  has  been  appointed  engineer  in  the  office  of  the 
Supervisor  of  Public  Utilities  of  Dallas,  Tex.,  and  will  devote 
hit.  time  in  supervising  the  construction  of  electric  railway  lines 
and  other  improvements  planned  by  the  Dallas  Railway  Co.  and 
the  Dallas  Power  &  Light  Co. 

Allen  F.  Brewer,  junior  member  A.  S.  M.  E.  formerly  a 
mechanical  engineering  inspector  with  the  Public  Utility  Com- 
mission of  New  Jersey,  attached  to  the  valuation  department, 
has  entered  the  service  of  the  American  International  Shipbuild- 
ing Corporation  at  Philadelphia.  Mr.  Brewer  has  contributed 
rtcently  to  Engineering  and  Contracting  articles  bearing  on 
water  utility  vauation. 

Harold  D.  Hynds,  who  has  been  secretary  of  the  American 
Concrete  Institute  for  the  past  two  years,  has  recently  enlisted 
in  the  engineering  arm  of  the  service  of  the  United  States.  In 
consequence  of  this  step  he  tendered  his  resignation  as  secretary, 
which  has  been  accepted  by  the  Board  of  Direction.  Henry  B. 
Alvord,  who  has  been  Administrative  Assistant  for  the  past  nine 
months,  has  been  appointed  as  Secretarj*.  Mr.  Alvord  is  a  grad- 
uate of  the  Massachusetts  Institute  of  Technologj-,  class  of  1907, 
in  the  course  of  civil  engineering.  After  being  connected  with 
the  Institute  of  Technology  for  three  years  as  Assistant  in  Civil 
Engineering,  he  was  called  to  Bowdoin  College  as  instructor  in 
civil  engineering  and  geologj'.  Later  he  was  made  Assistant  Pro- 
fessor in  Jiathematics  and  Civil  Engineering.  For  the  last  three 
years  ho  has  been  connected  with  the  Aberthaw  Construction 
Company  of  Boston.  He  will  continue  his  present  duties  in  con- 
nection with  those  of  the  Institute. 


(100) 


Building  and  Structural 
Monthly  Issue 


ENGINEEIQNG  ^^^^  CONTR/VCTING 


Halbert  p.  Gillette,  President  and  Editor. 


Lewis  S.  Louer,   Vice  President  and  General  Manager. 


The  four  rotated  special  monthly  issues  and  one  quarterly  issue  of  E.  &  C.  entirely  cover  the  civil 
engineering  and  contracting  field  if  subscribed  for  as  a  weekly  at  $3.00  a  year;  but  any  one  of  the 
four  special  issues  may  be  subscribed  for  as  a  monthly  at  $1.00  a  year,  or  any  two  monthly  issues  at 
$1.50  a  year.  The  Price  and  Market  Quarterly,  published  on  the  5th  Wednesday  of  4  months, 
may  be  taken  sepau-ately  at  25  cents  a  year. 
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Excavation  and  Govt.  Works — 3rd  Wednesday 

(c)  Harbors  and   Docks 

(d)  Railway   Construction 
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(a)  Buildings  (c)   Ship    Construction 

(b)  Bridges  (d)   Miscellaneous    Structures 
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ATTENTION! 

Turn  back  three  pages  to  advertising  page  12. 
The  publishers  of  Engineering  and  Contracting 
have  there  printed  a  message  that  should  interest 
you. 


Some  Important  Conclusions 
from  Recent  Tests  on 
200   Steel  Col- 
umns 

Considering  the  enormous  quantity  of  steel  annual- 
ly used  as  columns  in  bridges  and  buildings,  it  is  re- 
markable that  tests  of  column  strength  have  been  so 
few  in  number  and  on  so  small  a  scale.  Experimental 
investigation  of  the  strength  of  full  size  columns  has 
been  sorely  needed,  and  at  last  a  series  of  tests  on  200 
built-up  columns  has  been  completed  in  the  Washing- 
ton Laboratory  of  the  Bureau  of  Standards  under  the 
direction  of  George  R.  Olshausen. 

These  tests  disclose  the  remarkable  fact  that  al- 
though the  chemical  composition  and  the  tensile 
strength  of  the  steel  in  two  similar  columns  may  be  the 
same,  one  of  the  columns  made  from  one  lot  of  steel 
may  show  a  third  less  strength  than  another  column 
from  a  different  lot.  This  indicates  that  the  compres- 
sive yield-point  of  steel  may  vary  considerably,  even 
where  there  is  no  variation  in  tensile  strength.  Com- 
pression tests  on  channels  and  I-beams  now  in  prog- 
ress confirm  this  conclusion.  The  compressive  yield- 
point  is  certainly  affected  by  the  process  of  rolling  the 
steel,  for  columns  made  of  steel  Vi  in.  thick  showed 
about  10  per  cent  more  strength  per  square  inch  than 
those  made  of  steel  \2  in.  thick.  In  general,  the  col- 
umns made  of  thick  metal  showed  less  unit  strength 
than  those  of  thin  metal.  Apparently  the  degree  of 
compression  by  rolling  affects  the  compressive  yield- 
point  to  an  extent  hitherto  not  appreciated. 

Another  surprising  result  of  the  tests  is  the  dem- 
onstration   of   the    fact   that    tie-plated    columns    are 


much  weaker  than  latticed  columns.  On  the  average 
the  tie-plated  columns  were  only  60  per  cent  as  strong 
as  the  latticed  columns.  The  tie-plates  were  about  8 
ins.  in  height  and  10  ins.  wide,  and  spaced  about  4^2 
ft.  center  to  center.  Had  they  been  spaced  less  far 
apart,  the  resulting  strength  would  probably  have 
been  greater.  Nevertheless,  these  tests  seem  to  indi- 
cate that  latticed  columns  are  to  be  preferred  to  tie- 
plated  columns. 

The  tests  on  solid  section,  built-up  columns  show 
that  the  shape  of  the  section  has  no  influence  on  the 
column  strength. 

In  the  matter  of  the  effect  of  the  "slenderness  ratio" 
or  "length  ratio"  (i.  e.,  length  divided  by  radius  of 
gyration),  the  tests  serve  to  establish  one  important 
fact,  which  is  in  concordance  with  previous  knowl- 
edge. A  pin-ended  column  whose  slenderness  ratio  is 
25  or  less,  or  a  square-ended  column  whose  slender- 
ness ratio  is  50  or  less,  has  an  ultimate  unit  strength 
only  slightly  less  than  the  compressive  yield  point  of 
the  steel  in  short  blocks.  The  steel  used  in  these  tests 
had  a  yield  point  of  about  38,000  lbs.  per  sq.  in.  and  a 
tensile  strength  of  about  60,000  lbs.  per  sq.  in.  in 
small-sized  pieces. 

For  slenderness  ratios  up  to  72  for  pin-ended  col- 
umns, there  was  found  to  be  a  decrease  in  unit 
strength  fairly  in  accordance  with  the  theoretical 
formulas  in  common  use;  but  the  influence  of  the 
yield  point  is  shown  in  all  tests  up  to  a  slenderness 
ratio  of  72  for  pin-ended  columns.  Hence  the  Euler 
formula  fails  of  complete  generality. 

All  tests  were  made  on  square  ended  columns,  hence 
the  slenderness  ratio  of  the  square-ended  columns 
must  be  divided  by  2  to  convert  to  the  equivalent  slen- 
derness ratio  of  pin-connected  columns.  It  is  to  be 
hoped  that  later  tests  will  be  made  to  establish  experi- 
mentally the  correctness  of  the  theory  upon  which  the 
use  of  this  factor  of  2  is  based.  It  is  also  to  be  hoped 
that  pin-ended  columns  of  greater  slenderness  ratio 
than  72  will  be  tested. 

The  strain-stress  curves  of  the  column  tests  are 
straight  lines  almost  up  to  a  unit  stress  equal  to  the 
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compressive  yield  point  of  the  metal  in  short  blocks. 
Then  there  is  sudden  flattening  of  the  strain-stress 
curve.  Hence  the  factor  of  safety  is  practically  equal 
to  the  compressive  yield  point  divided  by  the  w^orking 
stress,  for  equivalent  pin-ended  columns  having  a 
slenderness  ratio  of  25  or  less.  The  average  ultimate 
strength  of  such  short  columns  (1  -^  r  =  25)  was  about 
33,000  lbs.  per  sq.  in.,  but  there  were  variations,  both 
ways,  of  20  per  cent  from  this  average.  For  equiv- 
alent pin-ended  columns  having  a  slenderness  ratio 
of  60  the  average  ultimate  strength  was  26,000  lbs. 
per  sq.  in.,  and  here  again  variations  of  20  per  cent 
from  the  average  occurred.  As  previously  stated,  col- 
umns built  of  thin  metal  showed  considerably  greater 
unit  strength  than  those  of  thick  metal.  So  uniformly 
was  this  the  case  that  it  would  seem  that  ultimately  it 
may  become  the  practice  of  designers  to  use  higher 
working  stresses  for  thin  sections.  These  results 
show  very  clearly  the  futility  of  great  requirements  in 
calculating  unit  stresses  in  columns.  What  avails  it 
to  know  the  stress  almost  exactly  when  such  wide 
variations  in  ultimate  strength  exist? 


The  "Cost  Plus  a  Fee"  Contract 
for  Building  Work 

About  15  years  ago  Frank  B.  Gilbrath  started  an  ad- 
vertising campaign  in  the  civil  engineering  period- 
icals that  made  the  "cost  plus  a  fee"  form  of  contract 
famous.  Mr.  Gilbrath  advocated  what  he  called  the 
"cost  plus  a  fixed  sum  contract."  His  work  con- 
sisted mainly  in  erecting  industrial  buildings  and 
power  plants.  During  the  last  decade  many  contract- 
ing firms  have  adopted  the  "cost  plus  a  fee  contract," 
and  it  has  steadily  grown  in  popularity  in  the  build- 
ing field. 

Mr.  J.  P.  H.  Perry,  manager  of  the  Turner  Construc- 
tion Co.,  specialists  in  reinforced  concrete  buildings, 
says  that  the  tendency  in  reinforced  concrete  build- 
ing construction  is  more  and  more  toward  putting 
the  contractor  on  a  professional  basis.  This  is  accom- 
plished under  a  "cost  plus"  form  of  contract.  Not 
only  are  reinforced  concrete  buildings  more  suscep- 
tible to  serious  defects  from  poor  workmanship,  but 
the  contractor,  particularly  if  he  is  an  engineer  or 
employs  engineers,  can  often  point  out  betterments 
in  design.  Under  a  "cost  plus"  contract,  the  contrac- 
tor has  nothing  to  gain  by  slighting  the  work  and 
everything  to  lose,  for  he  secures  contracts  solely  be- 
cause of  his  reputation  and  not  because  he  is  the  low- 
est bidder.  Under  the  "cost  plus"  contract  it  is  also 
to  his  interest,  since  it  enhances  his  reputation,  to 
point  out  to  the  owner  or  his  representative  any  econ- 
omies that  can  be  effected  by  changes  in  the  design ; 
and  there  is  no  gainsaying  that  even  the  most  skilled 
structural  engineer  or  architect  can  frequently  im- 
prove a  design  by  adopting  an  experienced  contrac- 
tor's suggestions. 

On  another  page  we  print  an  article  by  Fred  A. 
Jones  on  "Lump  Sum  Versus  Cost  Plus  Contracts," 
which  contains  a  splendid  summary  of  arguments, 
pro  and  con,  relative  to  the  "cost  plus"  form  of  con- 
tract. 

Another  article  in  this  issue  gives  in  detail  several 
"cost  plus"  forms  of  contracts,  together  with  a  dis- 
cussion of  the  advantages  of  the  "cost  plus"  contract 
as  set  forth  by  H.  L.  Rogers,  Manager  of  Division  of 
Construction  and  Engineering  for  Stone  &  Webster. 

The  "cost  plus  a  fee"  form  of  contract  has  received 
an  unprecedented  amount  of  free  publicity  in  connec- 


tion with  the  government  contracts  for  cantonments 
and  ships.  Therefore  it  will  be  easier  than  hitherto 
to  persuade  private  owners  and  public  officials  to 
adopt  this  form  of  contract  for  structural  work.  Con- 
tractors, however,  will  find  it  necessary  to  continue 
giving  publicity  to  the  "cost  plus"  contract;  and  al- 
ready several  engineering  contracting  firms  have  be- 
gun to  advertise  quite  extensively  to  secure  contracts 
on  a  "cost  plus"  basis. 


Rapid  Methods  of  Estimating 
Costs  of  Buildings 

The  square  foot  of  floor  area  and  the  cubic  foot  of 
total  volume  are  the  two  units  in  which  the  costs  of 
buildings  are  commonly  expressed  by  those  who  ap- 
ply rough  and  ready  methods  of  estimating.  But  ob- 
viously such  unit  costs  are  subject  to  wide  variations, 
even  in  buildings  of  the  same  type.  Much  more  sat- 
isfactory than  the  square  foot  of  floor  area  for  ap- 
proximate cost  estimating  purposes  is  the  square  foot 
of  wall,  floor  and  roof,  with  the  basement  and  founda- 
tion estimated  separately.  Then  each  type  and  class 
of  wall,  floor  and  roof  can  be  estimated  by  itself^ 

To  prepare  unit  costs  for  estimating  a  given  type 
of  wall,  for  example,  the  estimator  first  prepares  a 
bill  of  materials  for,  say,  100  sq.  ft.  of  wall,  and  applies 
unit  prices,  including  labor,  to  all  the  materials,  to- 
tals the  items  and  divides  by  100.  The  same  is  done 
for  windows  and  doors,  so  that,  knowing  the  total 
area  of  "openings"  the  cost  is  readily  estimated. 

Preferably  the  cost  of  columns  is  estimated  by  the 
linear  foot,  but,  if  desired,  the  cost  of  columns  may 
be  included  as  a  part  of  the  cost  of  the  floors.  Base- 
ments may  be  estimated  by  the  cubic  foot,  to  which 
may  be  added  the  cost  of  any  special  foundation 
work,  such  as  piling,  and  the  cost  of  the  floor.  The 
"equipment" — plumbing,  heating,  lighting,  sprinkler 
system,  elevators,  etc. — should  be  estimated  sep- 
arately; but  this,  at  least  in  part,  may  often  be  esti- 
mated by  the  square  foot  of  floor  area.  Thus  the 
cost  of  a  factory  heating  system  may  be  taken  at  25 
ct.  per  square  foot,  and  the  cost  of  a  fire  sprinkler 
system  at  20  ct.  per  square  foot  of  floor. 

Between  the  very  crude  method  of  expressing  the 
entire  cost  in  terms  of  the  square  foot  of  floor  area 
and  the  very  refined  method  of  detailing  all  quanti- 
tives  in  a  building,  there  stands  the  method  above 
suggested,  in  which  composite  units  of  different  types 
and  classes  are  used. 


The    Contractors    and     Builders 
Show  in  Chicago 

The  "Cement  Show"  has  been  an  annual  feature  in 
the  structural  field  for  so  many  years  that  most  of  our 
readers  are  familiar  with  its  character.  Next  year, 
Feb.  6  to  13,  the  Cement  Show  will  be  enlarged  to  cover 
a  much  wider  field.  In  fact  the  plan  is  to  cover  a  large 
part  of  the  civil  engineering  and  contracting  field 
with  the  exhibits.  Negotiations  are  under  way  to 
bring  to  Chicago  the  meetings  of  such  societies  as  the 
American  Board  Builders,  the  National  Builders'  Sup- 
ply Association,  the  National  Paving  Brick  Manufac- 
turers, the  American  Concrete  Insftute,  and  others. 
An  excellent  opportunity  now  presents  itself  to  hold 
one  great  annual  exhibition  that  will  include  all  the 
materials  and  equipment  used  in  the  civil  engineer- 
ing and  contracting  field.  We  trust  and  believe  that 
this  will  be  accomplished. 
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Educate    the    Public    to    Curtail 
Luxuries  in  Order  that  Con- 
struction  May  Not    Be 
Curtailed 

Were  it  not  for  the  annual  savings  of  the  so-called 
capitalistic  class  there  would  be  a  scant  amount  of 
money  available  at  any  time  for  the  construction  of 
buildings,  mills,  railways  and  other  plants.  The  av- 
erage man  spends  all  that  he  earns  as  fast  as  he  earns 
it — often  a  little  faster — and  it  goes  mostly  for  what 
he  is  accustomed  to  call  "necessities,"  but  what  in 
reality  are  luxuries.  We  do  not  decry  expenditures 
for  luxuries  when  held  within  such  bounds  that 
enough  capital  remains  to  provide  for  the  rapid  eco- 
nomic progress  of  society.  But  we  do  say  that,  taken 
by  and  large,  the  average  man  sadly  needs  to  be 
taught  that  it  is  his  social  duty  to  save  a  fair  part  of 
his  annual  income — say,  15  per  cent — for  investment. 
The  "liberty  bond"  advertisements  have  led  many 
people  to  save  money  for  financing  the  war,  but  this 
is  not  enough.  There  is  need  of  both  advertisements 
and  editorial  exhortation  to  increase  the  deposits  in 
savings  banks  with  a  view  to  ultimate  investment  in 
revenue  producing  properties — public  utilities,  fac- 
tories, mines,  etc. 


America  as  a  Shipbuilding  Nation 
and  the  Opportunity  for  Struc- 
tural Engineers  and  Con- 
tractors 

The  government  has  already  ordered  1240  ships 
totaling  nearly  8,000,000  tons,  and  will  soon  place 
orders  for  400  more,  bringing  the  grand  total  up  to 
11,000,000  tons.  Never  in  the  world's  history  has  any 
nation  embarked  on  such  a  stupendous  program  of 
shipbuilding.  Aside  from  the  engines  that  drive  it, 
a  ship  is  essentially  a  framed  structure,  and  most  of 
the  problems  involved  in  its  design  are  akin  to  those 
encountered  in  designing  a  "skyscraper."  Also  the 
problems  of  the  shipbuilder  are  very  similar  to  those 
of  the  contractor  for  a  large  building.  The  number  of 
engineering  contracting  firms  that  have  already  taken 
government  contracts  for  ships  is  evidence  of  the  fact 
that  shipbuilding  is  merely  a  branch  of  structural  en- 
gineering. Structural  engineers  and  contractors  will 
find  in  ship  designing  and  building  a  most  inviting 
field  during  the  war,  and  one  that  is  not  likely  to  de- 
crease in  attractiveness  after  the  war  ends;  for,  once 
started  in  this  wholesale  manner,  America  is  destined 
to  build  ships,  even  as  it  has  for  a  generation  been 
erecting  "skyscrapers"  and  bridges — "by  the  mile." 


Recruits   Wanted    for    the    28th 
Engineers,  the   Quarry   Regi- 
ment 

Another  volunteer  regiment  of  engineers  is  being 
recruited  for  service  in  France,  to  be  known  as  the 
Quarry  Regiment.  It  will  consist  of  6  companies  of 
250  men  each,  and  its  special  work  will  be  the  quarry- 
ing and  crushing  of  rock  for  roadwork,  ballast,  con- 
crete, etc.  Each  company  will  be  equipped  with  a 
plant  having  a  daily  capacity  of  1,000  tons  of  crushed 
stone.      The   equipment    will     include    drills,     steam 


shovels,  locomotives,  cars,  locomotive  cranes,  motor 
trucks,  and  other  construction  equipment.  Men  are 
needed  to  supervise  and  operate  this  equipment.  En- 
gineers and  contractors  are  urged  to  call  the  atten- 
tion of  skilled  workmen  to  their  opportunity  to  serve 
the  government.  Read  the  enlistment  advertisement 
in  this  issue,  where  salaries  are  given.  Communicate 
with  Maj.  O.  B.  Perry,  28th  Engineers,  War  Dept., 
Washington,  D.  C. 


Some  Data  on  the  World's  High- 
est Building  and  Their  Sig- 
nificance 

From  the  sidewalk  to  the  apex  of  its  tower,  the 
Woolworth  Building  is  785  ft.  high,  overtopping  its 
next  New  York  rival,  the  Metropolitan  Building,  by  85 
ft.  But  its  cellar  is  55  ft.  deep,  making  the  real  height 
of  this  structure  total  840  ft.  The  underground  work 
alone  cost  $1,000,000.  In  the  superstructure  there  are 
23,000  tons  of  steel  and  17,000,000  brick,  not  to  men- 
tion 7,500  tons  of  terra  cotta  and  28,000  tons  of  hol- 
low tile.  More  than  70,000  barrels  of  portland  cement 
were  used  in  this  one  building.  The  entire  building 
weighs  125,000  tons,  or  nearly  5.5  times  the  weight 
of  the  structural  steel.  The  water  supply  and  plumb- 
ing lines  total  40  miles  of  wrought  iron  pipe — enough 
to  serve  a  small  city.  We  name  some  of  the  large 
quantities  in  this  huge  structure  to  indicate  more 
clearly  to  our  younger  readers  that  the  design  of  large 
office  buildings  is  primarily  structural  engineering. 
Important  as  the  architect's  work  on  such  buildings 
may  be,  the  engineer's  work  is  even  more  important. 
Economics  overshadows  esthetics.  Hence  more  struc- 
tural engineers  are  annually  forming  copartnerships 
with  architects,  instead  of  remaining  as  employes  of 
architects. 


The  Importance  of  Hooks  at  the 

Ends  of  Reinforcing  Bars 

in  Concrete  Beams 

In  discussing  the  report  of  the  Am.  Soc.  C.  E.  com- 
mittee on  concrete,  L.  J.  Mensch  makes  the  criticism 
that  the  report  fails  to  lay  enough  emphasis  on  the 
importance  of  hooks  at  the  ends  of  reinforcing  bars. 
He  cites  the  tests  of  the  German  committee  on  100 
beams  for  the  purpose  of  discovering  the  effect  of 
hooks  on  beam  strength,  and  he  says: 

In  this  lens?  series  not  one  beam  can  be  cited  where  the  omis- 
sion of  hooks  did  not  show  a  marked  reduction  of  the  ultimate 
load  over  bars  with  large  hooks.  "WTiere  hooks  were  omitted  in 
one-quarter  of  the  bars  the  drop  was  about  10  per  cent,  where 
one-half  of  the  bars  were  without  hooks  the  drop  was  about  20 
per  cent,  and  where  all  the  bars  were  without  hooks  the  drop 
was  50  per  cent  and  more.  This  importance  of  hooks  in  simple 
beams  is  greatly  underestimated  in  the  United  States,  and  wrong 
conclusions  are  often  drawn  from  tests,  because  the  great  influ- 
ence of  hooks  is  overlooked. 

Professor  Moersch  made  tests  on  beams  reinforced  with  de- 
formed bars  without  hooks,  and  found  the  drop  the  same  as  with 
plain  bars  without  hooks.  The  great  importance  of  hooks  is  also 
shown  in  the  testa  made  by  Professor  Talbot  on  wall  and  column 
lootings.  In  the  face  of  these  facts,  the  paragraph,  "As  an 
additional  safeguard  end  anchorage  may  properly  be  used  in 
special  cases"  and  "anchorage  of  longitudinal  bars  at  the  ends 
of  beams  is  advantageous,"  will  not  impres.=;  on  the  reader  the 
importance  of  the  subject. 

Mr.  Mensch  criticises  the  committee  for  nearly 
neglecting  the  work  of  the  French  committee  (1902 
to  1905)  and  of  German  committee  (1908  to  1915)  by 
whom  many  mooted  questions  were  solved. 
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How   a   Structural  Engineer  Be- 
came a  Successful  Competitor 
of  Architects 

In  his  paper  on  the  Hell  Gate  Arch  Bridge,  referred 
to  elsewhere  in  this  issue,  Mr.  Ammann  says: 

Engineering  structures  are  still  regarded  by  many  engineers 
as  mere  works  of  utility,  which  deserve  no  consideration  in  archi- 
tectural or  artistic  treatment.  So  long  as  this  opinion  prevails 
the  engineering  profession  will  not  lift  itself  to  a  higher  plane, 
and  it  is  even  running  the  risk  of  being  relegated  to  second  place 
.—or  after  the  architect — in  the  creation  of  such  monumental 
structures   as   properly    belong   in    its   domain. 

True,  and  does  it  not  also  follow  that,  even  in  struc- 
tures that  are  not  monumental,  the  structural  engi- 
neer has  often  been  relegated  to  second  place  because 
of  his  failure  to  appreciate  that  esthetic  treatment 
can  not  be  profitably  slighted?  Not  long  ago  a  struc- 
tural engineer  told  the  editor  that  it  took  him  some 
time  to  learn  why  he  could  not  sell  his  services  in 
competition  with  architects.  Finally  he  discovered 
that  the  average  client  is  so  greatly  impressed  by  the 
wash  drawings  made  by  architects  that  the  plain  black 
and  white  drawings  made  by  an  engineer  receive  scant 
consideration.  Thereafter  he  began  to  color  his 
drawings,  and  coincidentally  to  secure  commissions 
for  the  design  of  buildings.  Moral:  If  you  would 
win  out  as  a  structural  economist,  first  get  the  job  as 
an  artist. 


Protecting    Old    Stone    Masonry 
With    Cement-Gun    Mortar 

About  the  first  recorded  instance  of  the  use  of 
Portland  cement  in  American  railway  structures  was 
the  covering  of  old  stone  masonry  culverts  on  the  Erie 
Railroad  with  concrete.  The  frequent  repointing  of 
stone  is  alone  sufficient  justification  for  covering  it 
with  a  cement  mortar  slab,  in  many  cases;  but  when 
the  stone  is  of  a  character  that  slowly  disintegrates 
by  "weathering,"  there  is  only  one  ultimate  solution 
of  the  problem,  namely  surfacing  with  cement  mor- 
tar or  concrete.  Recently  a  rubble  arch  bridge  near 
Lancaster,  Pa.,  was  surfaced  with  cement  mortar  ap- 
plied with  a  cement  gun.  The  bridge  was  built  more 
than  a  century  ago,  and  had  disintegrated  badly. 
Loose  mortar  was  picked  out  of  the  joints  and  wire 
mesh  was  fastened  to  the  face  of  the  masonry  with 
boat  spikes  driven  into  the  joints.  Then  a  1 :3  mor- 
tar was  shot  on,  covering  the  surface  to  a  thickness 
of  2  in.  The  Dewey  Cement-Gun  Construction  Co., 
of  Allentown,  Pa.,  covered  11,000  sq.  ft.  in  14  days  of 
work  with  the  "gun,"  or  800  sq.  ft.  per  day. 


The  New  Carnegie  "Shape  Book" 

The  sixth  edition  of  the  "Shape  Book"  of  the  Car- 
negie Steel  Co.  (Carnegie  Bldg.,  Pittsburgh,  Pa.),  is 
ju.st  off  the  press,  and  can  be  secured  from  the  main 
office  or  from  any  of  the  14  district  offices,  for  SI  per 
copy.  The  book  contains  352  pages  and  is  handsomely 
bound  in  green  leather.  It  contains  265  pages  de- 
voted to  profiles  of  sections,  giving  detail  dimensions 
and  weights.  The  noteworthy  increase  in  the  num- 
ber of  rolled  sections,  as  compared  with  the  last  edi- 
tion, is  attributable,  in  large  measure,  to  the  great 
development  in  the  use  of  steel  in  frames  for  win- 
dows, doors,  and  skylights  in  factory  buildings.  Also 
the  remarkable  expansion  in  shipbuilding  has  resulted 
in  the  rolling  of  many  new  sections.  Every  struc- 
tural engineer  will  want  a  copy  of  the  "Shape  Book." 


Test  of  Reinforced  Concrete  Floor 

in   the   Western  Newspaper 

Union  Building,  Chicago 

By  JOS.  E.  LOVJE. 

Eiiiiiiieering   Uepartment,  Chicago  Union  Station  Co. 

Probably  the  first  test  to  destruction  ever  made  of  a 
reinforced  concrete  structure  which  had  not  been  built 
specially  for  test  purposes  and  which  had  been  in  com- 
mercial use  for  several  years,  was  recently  completed 
in  Chicago.  This  test  was  made  on  the  sixth  floor  of 
the  old  Western  Newspaper  Uliion  Building  now  being 
wrecked  to  make  way  for  the  head  house  of  the  new- 
Chicago  Union  Station.  The  structural  engineers  of 
the  station  company,  believing  some  portions  of  the 
old  building  presented  unusual  opportunities  for  an 
investigation  of  the  strength  of  reinforced  concrete, 
arranged  for  a  test  with  the  W.  J.  Newman  Wrecking 
Co.,  the  Portland  Cement  Association,  the  Universal 
Portland  Cement  Co.,  the  T.  L.  Condron  Co.,  the  Illi- 
nois Steel  Co.  and  the  University  of  Illinois. 

The  building,  which  is  described  in  an  article  on  its 
wrecking  in  this  issue  of  "Engineering  and  Contract- 
ing," was  designed  for  large  live  loads,  the  design  of 
the  tested  floor  having  been  for  250  lb.  per  square  foot. 
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Corcrefe  in  slab  124  mixture  Pebble  aggregate  Concr  in  cok  \  \  | 
/ :  mixture  Pebble  aggregate  Reinfg  ban  high  carbon  steel  '^ 
Floor  designed  for  live  load  of  250  Ibi  per  square  foot 


Plan   of   Tested   Portion   of   Floor  and   Typical   Column    Details. 

Because  the  funds  available  were  limited,  but  one 
test  could  be  made,  and  for  this  purpose  four  interio'- 
panels  of  the  sixth  floor  were  selected.  These  panels 
v/ere  17  ft.  5^2  in.  by  19  ft.  41/2  in.  between  column 
centers.  The  design  called  for  the  flat  slab  type  of 
construction  with  an  SVo  in.  slab,  reinforced  four 
ways,  with  the  direct  and  diagonal  bands  7  ft.  wide 
each  carrying  15  •''s-in.  round  rods.  The  width  of  the 
octagonal  column  caps  was  4  ft.  6  in.  at  the  ceiling 
and  no  drop  panel  was  used.  The  short  diameter  was 
24  in.  for  the  columns  of  the  fifth  floor  and  21  in.  for 
those  of  the  sixth  floor,  while  the  column  cores  were 
21  in.  and  18  in.,  respectively.  At  all  columns  the 
outer  ring  of  the  spider  was  a  W^  in.  round,  8  ft.  6  in. 
in  diameter,  the  inner  ring  a  1  in.  round,  4  ft.  6  in. 
in  diameter.  The  column  longitudinal  reinforcement 
consisted  of  eight  1^2  in.  rounds,  bent  out  radially 
at  the  floors  and  running  beneath  the  spider  rings. 
The  hooping  of  %  in.  rounds  had  a  pitch  of  2V2  in. 
Tests  of  reinforcing  rod  specimens  taken  from  vari- 
ous parts  of  the  building  proved  the  material  to  be  a 
high  carbon  steel  instead  of  the  mild  steel  ordinarily 
used  for  reinforcement.  These  specimens  gave  a  yield 
point  of  65,000  lb.  per  square  inch  and  an  ultimate 
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strength  of  about  100,000  lb.  per  square  inch.  A  con- 
crete with  pebble  aggregate  of  1-2-4  mixture  was  used 
in  the  slabs,  and  of  1-1-2  mixture  in  the  columns. 

In  preparation  for  the  test  200  gage  lines  on  the 
steel  and  the  concrete  and  deflection  points  were  ar- 
ranged with  a  view  of  ascertaining  the  strains  in  the 
materials  in  critical  places  and  the  action  of  the  slab 
under  load.  After  taking  preliminary  measurements 
the  panels  were  loaded  with  pig  iron  and  after  each 
increment  of  load,  amounting  to  200  lb.  per  square 
foot,  had  been  placed,  observations  were  made  at  ail 
gage  lines  and  deflection  points.  Care  was  taken  in 
placing  the  pig  iron  to  eliminate  the  possibility  of  any 
arching  action  in  the  material  itself.  When  the  load 
of  pig  iron  reached  about  340  lb.  per  square  foot,  the 
maximum  deflection  at  the  center  of  the  panels  was 
0.33  in.,  the  maximum  stresses  in  the  steel,  23,000  lb. 
per  square  inch,  and  in  the  concrete  about  1,500  lb. 
per  square  inch.  Loading  was  continued  until  1,232,- 
000  lb.  of  pig  iron  was  on  the  four  slabs,  which  is  the 
equivalent  of  910  lb.  per  square  foot.  Adding  to  this 
the  weight  of  the  slab  gave  1,015  lb.  per  square  foot 
for  the  total  load.  The  superimposed  load  was  3.64 
times  the  designing  live-load  and  the  total  load  was 
2.9  the  designing  total  load.  The  maximum  deflection 
produced  was  1.1  in,     Preliminary  computations  gave 


Final    Load   of  910   Lb.   of   Pig    Iron    Per   Square   Foot   in    Place. 

the  following  as  the  indicated  average  stresses  in  the 
steel : 

Lb.  per 
sq.  in. 

At   the   center  column,    diagonal   rods    52.000 

At  the  center  column,  direct  rods   31.000 

At  center  of  panels,  diagonal  rods  18.400 

At  center  of  panels,  direct  rods   23,800 

Stresses  in  the  steel  calculated  for  the  test  load  com- 
pare favorably  with  the  above  measured  stresses  for 
that  part  of  the  slab  located  at  and  near  the  column 
cap.  However,  the  presence  of  an  arching  action  in 
the  central  portion  of  the  panels  is  indicated  by  the 
fact  that  the  calculated  stresses  in  the  steel  there  are 
higher  than  those  measured.  The  compressive  strains 
in  the  concrete  at  the  bottom  of  the  slabs  at  the  center 
column  were  in  the  neighborhood  of  .0012  to  .0015. 
Inasmuch  as  laboratory  tests  have  not  yet  been  made 
on  the  concrete  specimens  taken  from  the  building,  the 
stress  corresponding  to  this  strain  is  not  known,  but 
this  deformation  is  that  of  concrete  at  about  its  ulti- 
mate strength.  Spalling  of  the  concrete  around  the 
column  capitals  substantiates  the  belief  that  the  con- 
crete had  reached  this  stress.  In  view  of  the  results 
of  previous  tests  on  reinforced  concrete  columns,  it 
can  be  stated  that  none  of  the  columns  was  greatly 
stressed,  the  center  column,  which  naturally  carried 
most  of  the  load,  being  stressed  only  to  about  one- 
fourth  of  its  ultimate  strength.  A  few  days  after  this 
point  of  incipient  failure  of  the  slabs  the  load  was 
removed    and    measurements    again    taken,    those    in 


charge  of  the  test  having  decided  it  would  be  of 
greater  value-  to  watch  the  slabs  recover  after  the 
removal  of  the  pig  iron  rather  than  to  test  them  to 
complete  destruction.  The  permanent  deflection  wa.s 
approximately  0.35  in.  The  location  of  the  largest 
unit  radial  stress  in  the  concrete  was  clearly  disclosed 
by  cracks  in  the  slab  following  the  perimeter  of  the 
capitals  underneath  more  or  less  closely.  Cracks  also 
developed  in  the  bottom  of  the  slabs  at  the  center  of 
the  panels  and  in  the  top  of  the  slabs  along  the  lines 
indicating  the  edges  of  the  panels.  All  of  these  cracks 
followed  those  lines  where  they  were  expected  to 
appear. 

The  value  of  the  test  consists  not  merely  in  showing 
the  strength  of  these  slabs,  but  also  in  showing  how 
the  stresses  are  distributed  throughout  the  floor  and 
what  proportion  of  the  load  is  taken  by  the  various  sys- 
tems of  reinforcement.  However,  the  fact  that  only 
four  panels  were  loaded  limits  the  value  of  the  data  in 
its  bearing  upon  moment  coefficients  for  use  in  design. 
In  the  opinion  of  some  engineers  the  test  indicates  that 
too  great  a  factor  of  safety  is  used  in  reinforced  con- 
crete design,  while  others  are  convinced  it  justifies 
present  standards  and  advance  several  reasonable 
arguments  to  support  their  views.  For  instance,  when 
the  slabs  were  broken  up  after  the  test,  the  concrete 
in  three  of  the  panels  was  found  to  be  quite  hard, 
while  that  in  the  fourth  was  broken  with  comparative 
ease,  showing  that  with  the  present  practices  of  mix- 
ing and  placing,  concrete  cannot  be  made  a  homo- 
geneous material  such  as  steel  and  is  therefore  not 
thoroughly  reliable  in  regard  to  its  properties.  Then 
too,  the  reinforcing  bars  in  the  tested  floor  had  a 
strength  greatly  in  excess  of  those  ordinarily  used. 
Another  point  overlooked  by  many  discussing  the  in- 
vestigation was  the  fact  that  a  number  of  the  bars 
were  overlapped  at  the  columns  to  such  an  extent 
that  more  steel  than  that  indicated  by  the  design  was 
useful  to  resist  the  stresses  at  that  point,  where  they 
are  known  to  be  greater  than  at  other  parts  of  the 
floor  system. 

An  investigation  of  the  design  of  the  floor,  based 
upon  a  ruling  on  flat  slabs  made  in  1914  by  the  Chi- 
cago Building  Commissioner,  showed  that  parts  of  the 
tested  slabs  contained  about  twice  the  amount  of  re- 
inforcing than  would  have  been  required  by  the  ruling 
and  that,  in  general,  the  slabs  were  too  heavily  rein- 
forced for  the  thickness  of  S^o  in.  This  investigation 
of  the  design  did  not  take  into  consideration  the  fact 
that  the  rods,  after  overlapping  at  the  columns  to  se- 
cure continuity  of  their  action,  extended  beyond  about 
one-third  of  the  span  between  columns  in  some  cases. 
In  other  words,  had  the  design  of  tested  slabs  been 
based  upon  this  1914  ruling  and  had  the  overlapping  of 
the  rods  and  the  qualitj'  of  the  steel  been  in  conformity 
with  usual  reinforced  concrete  standards,  it  is  quite 
evident  that  the  floor  would  not  have  been  able  to  sus- 
tain so  great  a  load  as  was  placed  upon  it  in  this  test. 
How  much  of  a  load  the  slab  would  have  carried  is  a 
matter  of  speculation,  yet  the  fact  remains  that  though 
the  stresses  in  the  steel  had  not  as  yet  reached  the 
yield  point,  the  stresses  in  parts  of  the  concrete  had 
practically  reached  that  point,  as  was  evidenced  by 
the  condition  of  the  concrete  in  the  slabs  at  the  col- 
umn capitals. 

The  test  covered  a  period  of  over  three  weeks  and 
cost  in  the  neighborhood  of  $3,000.  It  was  conducted 
under  tlje  direction  of  Prof.  A.  N.  Talbot  of  the  Uni- 
versity of  Illinois,  by  H.  F.  Gonnerman,  who  was  in 
charge,  and  by  representatives  of  the  co-operating 
companies. 
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Construction   of    Industrial    Vil- 
lages for  Workmen 

One  of  the  important  problems  at  the  present  time 
in  many  industries  is  the  proper  housing  of  the  large 
number  of  new  workmen  necessitated  by  the  great  in- 
crease in  manufacturing  activities.  In  ordinary  times 
an  increase  in  number  of  factory  employes  is  usually 
taken  care  of  in  cities  and  towns  by  real  estate  people' 
and  those  who  build  for  investment.  Under  present 
conditions,  however,  when  a  factory  force  may  be 
doubled  in  a  few  days  this  method  is  wholly  inade- 
quate. 

In  England  the  problem  of  providing  facilities  for 
workmen  engaged  in  war-time  manufacturing  was 
met  by  the  formation  of  new  communities  and  the 
building  of  whole  towns  by  the  Government.  In  some 
cases  these  towns  are  almost  10  miles  square,  and  are 
provided  not  only  with  ordinary  houses  and  living  ac- 
commodations, but  with  public  parks,  playgrounds, 
theaters  and  everything  needed  in  a  modern  town. 
Thg  United  States  also  in  some  ca^es  has  taken  steps 
to  care  for  the  men  engaged  in  ship  construction.  For 
some  of  the  recent  destroyer  contracts,  the  Govern- 


roads  so  they  would  be  in  shape  to  stand  the  heavy 
traffic. 

The  88  cottages  contained,  respectively,  4,  5  and  6 
rooms,  with  solid  concrete  cellars  and  foundations. 
For  reasons  of  economy  most  of  these  were  built 
either  semi-detached  or  in  the  case  of  the  4-room  cot- 
tages, in  blocks  of  four.  Twelve  single  houses  of  6 
rooms  each  were  provided  for  better  paid  employes 
who  were  able  to  pay  the  rent  for  these  dwellings. 
Above  the  first  floor  the  houses  were  built  of  wood 
frame,  lathed  and  plastered  inside  and  covered  with 
shingles  on  the  outside.  The  roof  was  covered  with 
fireproof  shingles  of  asphaltic  felt. 

The  notable  feature  of  this  work  was  the  speed  with 
which  it  was  carried  out,  only  three  months  being  re- 
quired to  erect  the  88  houses. 

The  hotel  was  designed  to  accommodate  50  single 
men.  Concrete  foundations  were  built,  framing  was 
completed  in  three  weeks,  and  the  large  house  was 
plastered  and  finished  in  eight  weeks  of  cold  winter 
and  spring  weather. 

The  storehouse  itself,  designed  by  Charles  T.  Main 
of  Boston,  was  of  reinforced  concrete,  seven  stories 
high  and  of  dimensions  102  by  122  ft.,  having  a  load- 


industrial   Village,  2   Miles  from   a    Railroad,   Completed    in   Three    Months. 


ment  itself  will  finance  the  building  of  barracks  or 
temporary  hotels,  so  that  several  hundred  men  can  be 
housed  in  or  near  the  shipyards  where  the  work  is  to 
be  done.  Last  week  announcement  was  made  that  the 
Government  would  loan  enough  money  to  build  1,500 
houses  for  workmen  of  the  Sparrows  Point  branch  of 
the  Bethlehem  Steel  Co. 

Many  manufacturers  are  now  carrying  out  housing 
propositions  of  their  own.  Two  of  the  more  recent 
projects  of  this  kind  are  described  below. 

Industrial  Village  Completed  in  3  Months. 

The  demand  for  tire  fabrics  has  increased  so  much 
of  late  that  the  Goodyear  Cotton  Mills,  Inc.,  was  this 
year  forced  to  increase  its  facilities  at  Killingly,  Conn. 
Winter  weather  and  frozen  ground  were  not  allowed 
to  stand  in  the  way  for  the  need  was  urgent. 

Accordingly,  the  Aberthaw  Construction  Co.,  of 
Boston,  was  entrusted  with  the  contract  to  erect  88 
workmen's  houses,  a  large  hotel  for  single  men,  and  a 
7-story  storage  building. 

Work  was  started  on  Jan.  2d,  it  first  being  necessary 
to  construct  a  labor  camp  to  house  the  contractors' 
men.  Furthermore,  on  account  of  the  fact  that  the 
site  was  2  miles  from  the  nearest  railroad  station  con- 
siderable work  had  to  be  done  repairing  the  country 
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ing  platform  running  the  whole  length  of  the  building 
8  ft.  wide. 

Special  gangs  were  organized  to  take  care  of  each 
operation  of  the  work  so  that  instead  of  one  gang  of 
carpenters  putting  up  the  framing  and  completely  fin- 
ishing a  house,  there  were  separate  gangs  that  framed 
house  after  house.  Other  gangs  followed,  putting  on 
outside  finish,  while  other  gangs  laid  floors.  There 
was  a  gang  for  stairs  and  porches,  another  for  inside 
finish  and  so  on.  Each  gang  knew  how  long  it  would 
be  before  a  subsequent  gang  would  be  along  to  take 
the  next  step,  and  they  accordingly  worked  at  top 
speed. 

The  whole  of  the  work  on  the  vilage,  including  water 
supply  and  a  sewer  nearly  a  mile  long  was  completed 
in  3  months. 

The  Housing  Proposition  of  the  Youngstown  Sheet  & 
Tube  Co. 

One  of  the  most  elaborate  housing  propositions  in 
progress  in  this  country  is  that  of  The  Youngstown 
Sheet  &  Tube  Co.,  Youngstown,  0.  It  consists  of  three 
sections,  in  fact,  each  designed  to  meet  a  separate  and 
distinct  set  of  conditions,  and  each  involving  special 
problems.  In  all  750  individual  dwellings  are  included. 
146  of  these  being  located  at  East  Youngstown,  on  the 
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north  side  of  the  company's  steel  plant;  450  at  Camp- 
bell Park,  on  the  south  side  of  the  works,  and  154  at 
Nemicolon,  a  new  coal  town  being  erected  by  the  cor- 
poration at  its  large  coal  operations  in  Greene  County, 
Pennsylvania,  where  5,000  acres  of  by-product  coking 
coal  are  being  developed. 

From  a  building  standpoint  the  most  interesting 
section  is  probably  that  at  East  Youngstown,  where 
homes  are  being  erected  to  house  that  portion  of  the 
company's  foreign-born  workmen  who  desire  better 
living  quarters  than  are  usually  to  be  found  among 
the  tenements  surrounding  a  large  steel  works.  These 
houses  are  being  erected  of  concrete  units.  The  work 
is  being  done  by  the  Unit  Construction  Co.,  of  St. 
Louis,  Mo. 

These  houses  are  being  erected  of  separate  units, 
each  being  cast  in  a  mold  with  a  special  grade  of  con- 
crete. The  units  are  of  varying  size  and  many  differ- 
ent shapes,  being  designed  so  that  when  they  are  lifted 
into  place  with  a  crane,  they  will  fit  together  and  be 
held  in  position  by  interlocking.  Some  of  the  units 
are  sides  of  a  house,  with  all  the  door  and  window 
openings  provided.  Others  are  complete  floors,  hav- 
ing openings  for  flues,  stairways,  piping,  etc.,  and  the 
lower  side  artistically  panelled  for  a  ceiling.  Others 
are  for  the  porches  at  front  and  back,  and  still  others 
for  the  stairways.  Practically  all  are  reinforced  with 
light  steel.  They  are  cast  in  a  well  arranged  yard  and 
when  properly  seasoned,  are  assembled  in  place  by  a 
truck  specially  built  for  that  purpose.  Some  of  the 
units  weigh  as  much  as  IV^  tons,  although  the  greater 
number  are  much  lighter. 

The  houses  will  be  roofed  with  Imperial  Spanish  tile 
on  wooden  framing,  and  all  of  the  interior  trim,  in- 
cluding the  floors  (except  in  the  bathrooms  and  base- 
ments) will  be  of  wood  nailed  to  strips  dovetailed  in 
the  cement  at  time  of  casting.  The  interior  walls  will 
be  plastered,  furring  strips  being  inserted  in  the  slabs 
for  this  purpose.  All  will  be  painted  with  a  special 
mixture. 

The  units  to  be  used  as  side  walls,  partitions,  and 
in  all  places  where  they  will  be  exposed  to  dampness 
in  the  atmosphere,  are  cast  hollow  by  an  ingenious 
method.  The  cast  is  first  made  for  one  side  of  the 
slab,  this  mold  having  a  rim  several  inches  wide  and 
2  in.  deep.  The  hollow  is  then  filled  with  granulated 
slag  and  the  other  half  cast  on  this  bed.  The  con- 
crete is  dampened  at  the  edges,  which  causes  it  to 
form  a  solid  block  except  for  the  portion  filled  with 
slag.  After  it  has  set,  the  slag  is  loosened  with  rods 
and  poured  out  through  openings  at  all  four  sides.  A 
hollow,  damp-proof  slab  is  thus  secured. 

Blast  furnace  slag  has  been  used  to  a  large  extent 
in  the  mixing  of  this  concrete,  and  has  been  found 
to  serve  better  than  sand  and  gravel,  one  of  its  results 
being  a  handsome  dead  white  surface  which  gives 
the  buildings  a  very  distinctive  appearance. 

The  houses  are  of  various  sizes,  some  having  4 
rooms  and  bath;  others  6  rooms  and  bath,  and  a  few 
7  rooms  and  bath.  They  are  usually  built  in  ter- 
races, although  there  are  a  few  single  houses,  these 
being  made  necessary  by  the  elaborate  street  plans, 
which  include  parks,  playgrounds,  a  swimming  pool 
and  other  features  that  are  expected  to  make  the 
community  rather  unique  in  its  class.  Each  house  is 
provided  with  a  shower  bath  in  the  basement  for  the 
men  coming  from  the  mills,  and  each  has  a  good  sized 
garden.  They  will  be  equipped  with  electric  light, 
water,  gas  and  all  modern  conveniences.  With  their 
white  walls,  red  tile  roofs  and  the  elaborate  landscape 


arrangment,  these  houses  will  present  a  striking  ap- 
pearance when  completed. 

Unlike  the  houses  above  described,  which  are  to  be 
rented,  the  corporation  has  well  under  way  another 
plan  for  housing  its  American  workmen.  This  con- 
sists of  a  tract  of  80  acres  on  the  south  side  of  the 
plant  and  adjacent  to  the  main  south  gate.  The  land 
lies  on  a  high  elevation  close  to  the  works,  but  across 
the  Mahoning  River  from  them.  It  is  being  laid  out 
in  a  most  attractive  way  under  the  direction  of  John 
Nolan,  landscape  artist,  Boston,  and  when  completed 
the  tract  will  have  wide  paved  streets,  curving  drives, 
and  many  features  that  will  tend  to  beautify  and  make 
it  attractive. 

On  this  ground  will  be  erected  about  450  homes  of 
many  different  sizes  and  designs,  as  well  as  of  many 
different  materials.  They  are  to  be  sold  to  workmen 
and  officials  in  the  operating  department,  and  the  pur- 
chasers will  be  permitted  as  fas  as  possible  to  dictate 
the  design  and  size  of  the  houses.  All,  however,  will 
be  erected  wtih  regard  to  the  harmony  and  general 
beautification  of  the  property,  and  restrictions  certain 
to  maintain  this  will  be  enforced.  The  houses  'will 
cost  between  $3,000  and  $7,500,  and  will,  of  course,  be 
furnished  with  the  ordinary  conveniences. 

Provision  has  been  made  for  parks,  schools  and  com- 
munity centers,  and  one  large  park  is  already  in  fairly 
complete  condition.  As  the  land  is  wooded,  an  effort 
will  be  made  to  save  as  many  of  the  fine  trees  as 
possible. 

In  order  to  expedite  the  work  and  avoid  delay  due 
to  congested  conditions  in  the  labor  and  material  mar- 
kets, the  first  100  of  these  houses  were  purchased 
ready  cut  from  a  number  of  concerns  dealing  in  such 
material.  This  plan  will  probably  be  abandoned  as 
soon  as  enough  homes  have  been  provided  to  relieve 
the  housing  situation.  About  100  houses  are  now 
under  roof  and  the  work  of  grading  and  landscaping 
has  made  good  progress. 

These  houses  will  be  sold  to  employes  of  the  com- 
pany on  a  basis  of  actual  cost,  and  purchasers  will 
be  given  terms  of  payment  much  more  liberal  than 
can  ordinarily  be  obtained.  The  purpose  is  to  pro- 
vide homes  for  workmen  who  desire  an  opportunity  to 
improve  their  surroundings,  rather  than  to  realize  any 
profit  from  the  proposition. 

The  erection  of  houses  at  the  mining  town  of  Nemi- 
colon, while  a  somewhat  smaller  proposition  than 
either  of  those  referred  to  above,  is  interesting  as 
developing  an  entirely  different  sort  of  dwelling.  This 
has  not  as  yet  progressed  sufficiently  to  permit  of  de- 
scription. 

All  three  of  these  housing  propositions  are  being 
conducted  by  the  Buckeye  Land  Co.,  a  corporation 
created  for  the  purpose.  They  will  require  several 
years  for  completion  and  will  cost  considerably  more 
than  $1,000,000. 
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Cement  Testers  and  Inspectors  Wanted  by  U.  S. 
Bureau  of  Standards. — The  purchase  of  enormous 
quantities  of  cement  by  the  Government  in  the  pres- 
ent emergency  has  created  an  urgent  need  for  experi- 
enced cement  testers  and  inspectors  in  the  testing 
laboratories  of  the  Bureau  of  Standards.  The  Civil 
Service  Commission  has  therefore  announced  a  reg- 
istration of  eligibles  for  appointment  to  these  posi- 
tions at  salaries  of  $900  to  $1,000.  Detailed  informa- 
tion regarding  these  appointments  can  be  obtained 
from  the  Civil  Service  Commission,  Washington,  D.  C. 
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Diagram    for    Use    in    Designing 
Timber  Columns 

By  W.  S.  WOLFE, 


Instructor 


Arrliitccturiil     Kniiineering.     University     ol 


Illinois. 

The  diagram  here  presented  for  use  in  designing 
timber  columns  has  two  features  which  are  of  special 
interest.  First,  it  has  been  computed  for  the  actual 
size  ot  standard  timbers,  and  not  for  their  nominal 
size.  The  nominal  size  of  a  10x10  is  10  in.  x  10  in., 
but  the  actual  size  is  about  9V2  in.  x  9V2  in.  In  locat- 
ing the  inclined  line  for  the  10x10  the  dimensions 
9y2  in.  x  91^2  in.  were  used  and  the  line  is  marked  9y? 
in.  X  9^2  in.  Second,  there  is  a  convenient  arrange- 
ment for  taking  care  of  the  variation  of  the  allowable 
stress  on  short  blocks  for  different  kinds  of  wood. 

Construction  of  Diagram. — The  line,  xy,  was  drawn 
dividing  the  diagram  into  two  parts,  and  transverse 
lines  were  drawn  perpendicular  to  the  line,  xy,  at  in- 
tervals of  5,000  lb.  In  the  "B"  half  of  the  diagram 
the  length  lines  were  drawn  parallel  to,  xy,  while  the 
inclined  lines,  each  of  which  represents  a  certain 
sized  timber  section,  were  drawn  by  locating  two 
points  on  each  one  of  them,  by  means  of  the  formula 

L 
S  =  C   (1— .0125— )   in  which,  S,  is  the  allowable  av- 

D 
erage  stress  for  the  column   in  pounds    per    square 
inch,  C,  is  the  allowable  compression  for  short  blocks 
in     pounds     per     square     inch,     L,     is     the     unsup- 
ported    length     in     inches,     and,     D,     is     the     least 


lateral  dimension  in  an  unsupported  direction. 
For  locating  the  points  for  all  of  these  en- 
clined  lines,  C,  was  taken  as  700  lb.  per  square  inch, 
because  the  line,  xy,  is  the  700-lb.  C  line. 

In  the  "A"  half  of  the  diagram,  over  at  a  conve- 
nient distance  from,  x,  a  line  was  drawn  parallel  to, 
xy,  and  called  the  1,400-lb.  C  line.  Along  this  line 
5,000-lb.  divisions  were  made  just  half  as  long  as 
those  along  the,  xy,  line  which  is  the  700-lb.  C  line. 
The  corresponding  divisions  on  these  two  lines  are 
connected  and  the  inclined  load  lines  obtained.  The 
other  C  lines  were  then  drawn  in  at  their  proper 
places. 

Use  of  Diagram  in  Solving  Problems. — Four  differ- 
ent types  of  problems  can  be  solved  by  the  use  of  the 
diagram. 

First:  The  load,  length,  and  allowable,  C,  are  given 
and  the  proper  timber  section  is  desired.  This  is  per- 
haps the  most  important  case.  Let  the  load  be  75,000 
lb.,  the  allowable,  C,  1,300  lb.  per  square  inch,  and 
the  unsupported  length  14  ft.  0  in.  The  1,300-lb.  C 
line  is  located  and  followed  along  until  the  75,000-lb. 
load  line  is  intersected,  then  following  along  parallel 
to  the  lines  normal  to  the  C  lines  the  14-ft.  length  line 
is  intersected.  Now  any  of  the  column  sections,  rep- 
resented by  inclined  lines,  outside  of  this  intersection 
are  strong  enough.  The  first  line  outside  is  marked 
7^2x11  V2,  which  are  the  actual  dimensions  of  an  8x12 
having  a  nominal  cross  section  of  96  sq.  in.  The  nom- 
inal cross  section  is  given  in  place  of  the  actual  be- 
cause it  is  the  nominal  that  we  pay  for.  The  next  in- 
clined line  outside  of  the  intersection  is  marked  9%x 


Diagram  for  Use  In  Designing  Timber  Columns.    Formula:  S  =  C 
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(1  —  .0125 — )i    Chicago    Building    Law. 
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91/2.  which  is  the  actual  size  of  a  10x10  having  a  nom- 
inal cross  section  of  100  sq.  in.,  4  more  than  the  other 
section  had.  The  choice  will  probably  be  between 
the  TVoxllVo  and  the  91/2x91/2,  with  the  latter  being 
a  little  more  expensive. 

Second:  The  load,  column,  and  length  are  given 
and  we  desire  to  find  the  corresponding  C.  Consider 
a  912x91/2  having  a  length  of  12  ft.  0  in.  and  carry- 
ing a  load  of  100,000  lbs.  Follow  up  along  the  12-ft. 
line  until  the  91 2x91 2  line  is  intersected,  then  fol- 
low, normal  to  the  length  lines,  until  the  load  line 
marked  100,000  lb.  is  intersected.  Then  by  follow- 
ing parallel  to  the  C  lines  the  corresponding  C  is 
found  to  be  about  1,375  lb.  per  square  inch.  If  this 
is  larger  than  the  allowable,  C,  for  the  wood  of  which 
the  column  consists,  the  column  is  over-stressed. 

Third:  The  length,  the  column,  and  the  allowable, 
C,  are  given  and  the  allowable  load  is  desired.  Con- 
sider an  18-ft.  column,  gVoxllil.  with*  an  allowable, 
C,  of  1,000  lb.  per  square  inch.  Follow  along  the  18- 
ft.  length  line  until  the  inclined  line  marked  9I2XIII2 
is  intersected,  then  follow  parallel  to  the  lines  nor- 
mal to  the  length  lines  until  the  1,000-lb.  C  line  is 
intersected  and  then  read  off  the  allowable  load.  In 
this  case  found  to  be  about  78,000  lb. 

Fourth:  The  load,  the  column  and  C  are  given  to 
find  the  allowable  length.  Consider  a  71 2x71 2  column 
with  a  load  of  55,000  lb.  and  an  allowable,  C,  of 
1,200  lb.  Follow  along  the  1,200-lb.  C  line  until  the 
55,000-lb.  load  line  is  intersected,  then  over  until  the 
71/2x712  line  is  intersected,  then  following  parallel  to 
the  length  lines  the  allowable  unsupported  length  is 
found  to  be  about  9  ft.  6  in. 


Concreting  Bridge   Substructure  in  Zero 
Weather 

All  the  concrete  for  the  piers  and  abutment  of  the 
Independence,  la.,  bridge,  construction  features  of 
which  were  described  in  our  Oct.  24  issue,  was  placed 
during  the  extreme  cold  weather  of  last  winter,  with 
temperature  well  below  zero.  As  a  consequence  of 
the  careful  heating  of  materials  and  protection  of  the 
fresh  concrete  no  damaged  concrete  resulted.  The 
stone,  sand  and  water  were  heated  with  steam  and 
the  forms  were  jacketed  with  6-in.  mat  of  straw  and 
manure  before  the  concrete  was  poured  in  them.  Ther- 
mometer tests  showed  that  the  concrete  was  placed  at 
a  temperature  of  about  80"  F.  When  the  forms  were 
removed  after  10  days  of  temperatures  ranging  from 
10  to  20°  below  zero,  the  concrete  was  still  warm  to 
the  hand  and  steamed  for  several  days. 


Canadian  Embargo  on  Iron  and  Steel  Exports. — A 

more  complete  embargo  on  the  exportation  of  iron  and 
steel  products  has  been  established  by  a  Canadian 
order  in  council  of  Nov.  15.  The  following  articles 
are  placed  under  prohibition  of  exportation  to  all  des- 
tinations abroad  other  than  the  United  Kingdoms, 
British  possessions  and  protectorates:  Pig  iron,  steel 
ingots  billets,  blooms,  bars,  and  slabs,  iron  and  steel 
plates,  iron  and  steel  shapes  (comprising  beams, 
channels,  angles,  tees,  and  zees),  iron  and  steel  fab- 
ricated for  structural  work  and  shipbuilding.  Earlier 
embargo  lists  have  included  hematite,  pig  iron,  iron 
and  steel  plates,  and  iron  and  steel  fabricated  for 
structural  work  and  shipbuilding,  all  of  which  were 
prohibited  to  be  exported  to  foreign  countries  in  Eu- 
rope and  on  the  Mediterranean  and  Black  Seas  other 
than  France,  Russia,  Italy,  Spain,  and  Portugal. 


Density    Factor    Safe    Guide    to 

Strength    of    Structural 

Timbers 

Investigations  conducted  at  the  graduate  laborato- 
ries of  the  Missouri  Botanical  Garden  by  Mr.  Sanford 
M.  Zeller,  Research  Fellow  in  the  Henry  Shaw  School 
of  Botany  of  Washington  University,  indicate  that  in 
the  selection  of  high  grade  bridge  materials  of  South- 
ern pine,  the  density  factor  will  not  only  be  a  safe 
guide  to  strength  but  also  to  decay  resistance,  pro- 
vided sufficient  restrictions  as  to  sapwood  are  incor- 
porated. 

The  experiments  were  made  with  three  species  of 
yellow  pine,  Finns  palustrus,  P.  echinata,  and  P. 
Taeda.  Special  attention  was  given  to  the  physical 
properties  of  each  sample  of  wood  used,  data  being 
secured  on  (1)  resin  content,  (2)  specific  gravity,  (3) 
percentage  of  summer  wood  (the  dark  portion  of  the 
annual  growth  ring)  or  proportion  of  summer  wood 
to  spring  wood  in  the  growth  rings,  (4)  the  width  of 
the  growth  rings  or  number  of  rings  per  inch  meas- 
ured on  a  radius  of  the  stem,  (5)  sap  and  heartwood, 
and  (6)  the  distance  of  the  sample  from  the  pith.  The 
results  of  these  experiments  are  set  forth  in  a  report 
by  Mr.  Zeller  which  is  published  as  a  bulletin  of  the 
American  Raiway  Engineering  Association.  The  con- 
clusions, derived  from  the  investigation,  follow: 

(1)  Resin  is  no  safe  index  of  the  durability  of  the 
three  species  of  yellow  pine  investigated.  Resin  is 
not  only  undesirable  for  specifying  durability  because 
it  is  no  safe  index  of  decay  resistance,  but  also  be- 
cause of  the  expenditure  of  time  and  labor  necessary 
to  make  resin  percentage  determinations. 

(2)  On  the  other  hand,  specific  gravity  or  density 
of  the  wood  materially  influences  resistance  to  decay 
of  the  heartwood,  i.  e.,  the  more  dense  the  wood  the 
more  durable  it  is,  irrespective  of  the  three  species  of 
wood  examined. 

(3)  Specific  gravity,  however,  is  a  property  which 
can  not  be  determined  from  inspection,  but  it  can  be 
estimated  by  recourse  to  the  proportion  of  a  summer 
wood  to  spring  wood  in  the  growth  rings,  which 
proves  to  be  a  safe  criterion  of  the  durability  of 
heartwood;  i.  e.,  an  increase  in  summer  wood  results 
in  an  increase  in  specific  gravity. 

(4)  The  width  of  the  growth  rings  furnishes  a  fur- 
ther index  of  durability,  the  narrower  rings  show- 
ing more  resistance  to  fungus  attack  than  broad,  open 
rings. 

(5)  The  age,  or  distance  from  the  pith  of  heartwood, 
shows  no  relation  to  durability,  at  least  up  to  16  in. 
in  diameter. 

(6)  Sapwood  decays  irrespective  of  resin  content, 
specific  gravity,  width  of  the  annual  rings,  or  species 
of  pine. 

(7)  Shortleaf  heartwood  or  loblolly  heartwood  is 
as  durable  as  longleaf  heartwood,  provided  it  has  the 
same  qualities  as  to  specific  gravity  or  density. 

(8)  Specifications  for  durability  of  the  three  species 
of  pine  considered  should  be  based  on  a  judicious 
combination  of  specific  gravity,  number  of  rings  per 
inch,  and  the  percentage  of  sapwood.  In  other  words, 
where  pieces  of  the  highest  lasting  powers  are  desired 
it  will  be  necessary  to  specify  pieces  of  the  greatest 
density  and  with  a  minimum  percentage  of  sapwood. 
For  inspection  purposes  the  specific  gravity  may  be  es- 
timated by  an  examination  of  the  percentage  of  sum- 
mer wood.    The  more  desirable  pieces  of  timber  are 
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those  containing  broad  bands  of  summer  wood  and 
narrow  bands  of  spring  wood  as  shown  in  the  cross- 
section. 

(9)  The  investigations  thus  far  have  been  conducted 
to  ascertain  the  toxic  effect  of  resin  on  the  fungous 
decay  of  wood.  The  results  have  shown  that  there 
are  no  toxic  effects,  but  that  there  are  other  impor- 
tant relations  of  resin  to  decay,  as,  for  instance,  its 
waterproofing  effect  on  wood  and,  thus,  its  influence 
on  the  absorption  of  moisture  by  wood  containing  it; 
that  is,  the  power  of  wood  to  absorb  moisture  is  very 
important  in  its  decay.  It  is  well  known  that  below  a 
certain  minimum  and  above  a  certain  maximum  of 
moisture  in  wood  Lenzites  saepiaria  and  other  simi- 
lar fungi  will  not  grow.  Any  property  of  the  wood 
which  will  influence  this  balance  of  moisture  is  of 
importance  in  decay  resistance.  Thus,  if  the  wood 
contains  enough  resin  to  have  a  material  waterproof- 
ing effect  it  must  play  a  role  in  durability.  However, 
at  present  the  percentage  of  resin  necessary  for  such 
an  influence  is  unknown.  From  the  analyses  given 
above  it  may  be  assumed  that  it  is  at  least  5  per  cent 
or  more,  but  this  would  not  be  a  safe  basis  for  speci- 
fying decay  resistance,  since  a  piece  of  timber  of  low 
summer  wood  percentage  (density)  may  contain  this 
amount  of  resin,  and  yet  be  porous  enough  to  be  at- 
tacked by  fungi.  On  the  other  hand,  although  not  an 
absolute  rule,  it  is  generally  true  that  a  dense  piece 
of  heartwood  showing  dark  summer  wood  is  more  lia- 
ble to  contain  at  least  5  per  cent  resin  than  is  a  lighter 
piece.  Hence,  specifications  based  on  high  percentage 
of  summer  wood  in  most  cases  would  more  nearly  ful- 
fill requirements  for  durability  than  those  based  on 
resin  content,  at  least  until  more  is  known  concern- 
ing the  influence  of  resin  on  the  moisture-absorbing 
power  of  wood.  The  relation  of  resin  to  the  absorb- 
ing power  of  pine  timbers  and  the  optimum  relative 
humidity  of  the  air  for  the  decay  of  resin-containing 
woods  are  problems  for  further  investigations.  When 
this  work  is  taken  up  again  due  consideration  will  be 
given  to  correcting  the  error  due  to  sterilization.  At 
a  later  time  the  probable  error  of  the  mean  when 
dealing  with  averages  of  the  above  data  will  be  cal- 
culated and  reported  with  the  data  taken  from  cultures 
incubated  for  a  2-year  period. 


Breaking   Up   Reinforced  Concrete  Posts 
with   Dynamite 

Light  charges  of  dynamite  were  used  with  success 
in  breaking  up  reinforced  concrete  columns  at  the 
Colorado  State  College  of  Agriculture.  The  columns 
were  4  ft.  square  and  SVs  ft.  long  and  were  intended 
originally  for  cores  of  ornamental  posts.  They  were 
built  with  twisted  steel  reinforcing  bars  and  conduit 
pipes  for  electric  wiring  were  placed  in  the  center. 
In  addition  to  the  rod  reinforcing,  there  was  an  extra 
reinforcing  of  wiring  in  portions  of  the  posts.  In 
breaking  up  the  columns  it  was  necessary  to  use 
small  shots  because  of  the  nearness  of  buildings — 
one  structure  being  within  100  ft.  of  where  the  posts 
lay.  The  charge  consisted  of  a  V4  stick  of  dynamite 
which  was  inserted  in  a  hole  drilled  in  the  column. 
This  method  broke  the  posts  to  pieces  so  successfully 
that  the  reinforcing  and  electric  conduits  were  re- 
moved intact  without  injury.  The  cost  in  labor  for 
breaking  up  the  posts  was  about  $4  for  all  of  the  posts. 
To  this  labor  cost  must  be  added  the  cost  of  the  dyna- 
mite. About  -eight  sticks  of  dynamite  were  required 
for  the  whole  job. 


Fire  Aids  a  Heavy  Iron  Ball  in 
Wrecking    a    Modern    Rein- 
forced Concrete  Building 

By  JOS.  E.  LOVE 

Engineering  Department,   Chicago   Union  Station   Co. 

The  necessity  of  demolishing  a  modern  reinforced 
concrete  building  presented  the  wrecking  contractor, 
who  is  clearing  the  site  of  the  proposed  headhouse 
of  the  new  Chicago  Union  Station,  with  a  rather  diffi- 
cult problem  which  was  successfully  solved  by  the 
use  of  a  large  cast  iron  ball  aided  by  fire.  With  these 
the  W.  J.  Newman  Wrecking  Co.  has  just  completed 
the  wrecking  of  the  Western  Newspaper  Union  Build- 
ing at  Clinton  and  Adams  Sts.,  Chicago,  and  moreover, 
has  produced  a  method  effecting  considerable  saving 
of  time  and  labor  on  this  class  of  work. 

In  general  the  destruction  of  the  concrete  was  ac- 
complished by  means  of  the  cast  iron  ball,  which 
weighed  1,200  lb.  and  was  attached  to  a  fall  line  run- 
ning over  the  40-ft.  boom  of  a  stiff-leg  derrick.  Diffi- 
culties of  handling  the  derrick  Outfit  between  the 
building  columns  were  lessened  by  equipping  its  16 
by  24-ft.  platform  with  skids  and  rollers.  A  25-H.P. 
Thomas  direct-current  electric  hoist  furnished  the 
power  not  only  for  operating  the  wrecking  machine 
but  also  for  moving  it.  The  contractor  built  the  out- 
fit for  this  particular  job  and  assembled  it  ready  for 
work  on  the  roof  in  two  days'  time. 

In  operating,  the  slab  of  a  floor  panel  was  shattered 
by  the  ball  until  the  reinforcement  around  the  columns 
and  beams  could  be  cut  with  an  oxy-acetylene  flame. 
Then  the  ball,  or  "skull  crusher,"  attacked  the  col- 
umns. By  dropping  it  on  the  head  of  a  column,  the 
column  concrete  at  the  floor  below  for  a  height  of 
4  ft.  above  the  base  was  split  off  from  the  column 
reinforcement  on  which  the  acetylene  torch  was  used. 
At  this  point  in  the  wrecking  work  fire  was  brought 
into  use.  In  order  to  weaken  the  column  sufficiently  to 
allow  its  being  pulled  over  with  a  line  to  the  derrick 
motor,  a  wood  fire  was  maintained  around  the  column 
base  for  from  6  to  8  hours,  after  which  the  column 
was  suddenly  cooled  with  water.  The  resultant  action 
of  the  sudden  temperature  changes  was  a  further 
breaking  and  cracking  of  the  column  concrete.  The 
efficacious  work  of  the  ball  and  fire  rarely  left  any 
necessity  for  using  hand  chisels  on  the  columns. 
However,  on  those  floor  beams  acting  as  braces  be- 
tween the  columns,  the  hand  chisel  was  resorted  to 
in  cutting  the  connection  to  the  columns,  while  the 
other  beams  fell  with  the  columns.  The  fall  of  the 
columns  and  beams  in  most  instances  assisted  the 
work  of  the  "skull  crusher"  by  partially  shattering  the 
slab  on  which  they  landed.  After  the  wrecking  out- 
fit had  worked  its  way  to  one  corner  of  a  floor  it  was 
lowered  to  the  next  floor  on  an  inclined  runway  and 
completed  the  remaining  panel  from  this  position. 
That  part  of  the  brick  facing  of  the  building  not 
knocked  down  by  the  jarring  of  the  structure  by  the 
ball  was  removed  with  picks.  The  east  wall  of  the 
building,  entirely  of  brick,  was  knocked  out  by  swing- 
ing the  ball  against  short  sections  into  which  the  wall 
had  been  divided  by  cutting  vertical  "V"  shaped  slots 
extending  from  one  floor  to  another.  The  interior 
malacite  partitions  were  easily  removed  by  use  of 
sledges. 

Five-ton  Garford  trucks  hauled  the  broken  concrete 
and  other  waste  material  away  after  it  had  been 
chuted  to  hopper  bins  over  a  driveway  in  the  building. 
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On  the  upper  floors  the  debris  was  conveyed  to  the 
chutes  in  wheelbarrows,  but  on  the  four  lower  floors 
the  contractors  saved  approximately  $40  per  day  in 
labor  costs  by  using  a  team  and  scraper  for  this  work. 
Only  four  of  the  65  men  engaged  on  the  wrecking 
were  required  to  operate  the  "skull  crusher."  The 
program  of  the  contractor,  which  was  followed  very 
closely,  called  for  the  completion  of  the  work  in  10 
weeks,  allowing  one  week  for  each  floor  and  two  weeks 
for  the  basement  where  the  hevy  piers  and  columns 
were  dynamited. 

Scarcity  of  complete  or  extensive  data  on  the  costs 
of  wrecking  reinforced  concrete  buildings  makes  any 
comparisons  difficult,  and  in  making  comparisons  ac- 
count must  be  taken  of  the  present  high  cost  of  labor, 
a  factor  which  is  of  great  importance  in  this  class  of 
work,  though  here  reduced  considerably  by  the  meth- 
ods employed.  The  only  figures  available  on  the  cost 
of  this  job  was  a  recent  estimate  of  $21,000  made  by 
the  contractor.  Based  on  this  figure,  and  not  includ- 
ing the  amount  obtained  from  salvage,  the  cost  of 
wrecking  would  be  15  per  cent  of  the  building's  orig- 
inal cost  of  $175,000. 

Ernest  Schick,  in  "Der  Abbruch  von  Beton  und 
Eisenbetonbauten,"  states  that  10  per  cent  of  the  cost 


of  a  reinforced  concrete  structure  is  sufficient  to  allow 
for  wrecking.  The  contract  for  wrecking  the  Western 
Newspaper  Union  Building  and  the  ten  other  buildings 
in  the  block  bounded  by  Canal,  Jackson,  Clinton  and 
Adams  Sts.  was  let  on  a  lump  sum  basis  and  secured 
by  the  Newman  Co.'s  bid  of  $49,800.  Because  of  pres- 
ent market  conditions  the  contractor  was  able  to  dis- 
pose of  the  900  tons  of  salvaged  reinforcing  rods  at 
a  price  which  netted  him  much  more  than  the  total 
cost  of  wrecking  the  reinforced  concrete  building.  The 
other  buildings  wrecked  were  brick  or  frame  struc- 
tures and  ranged  from  one  to  nine  stories  in  height. 

The  George  Hinchliff'e  Co.,  Contractors,  erected  the 
Western  Newspaper  Union  Building  8  years  ago  from 
the  plans  of  Ritter  &  Mott,  Engineers,  and  S.  N.  Crow- 
en,  Architect.  The  structure  was  eight  stories  in  height 
and  107  by  120  ft.  in  plan,  divided  into  panels  17  ft. 
5':;  in.  by  19  ft.  4V2  in.  IDesigning  live-loads  of  250 
and  300  lb.  per  square  foot  of  floor  area  were  neces- 
sary because  of  the  requirements  of  the  Western 
Newspaper  Union,  who  occupied  the  building  until 
recently  with  heavy  printing  machinery.  The  type  of 
floor  construction  was  not  uniform,  beams  and  slabs 
being  used  on  six  floors,  and  a  flat  slab  system  without 
beams  on  the  other  two.     Floor  beams  were  16  in.  by 


Top  Views:   Old   Western   Newspaper  Union   Buiiding,  Clinton   and    Adams    Sts.. 
usher.'     Bottom   Views:    Wrecking   Outfit  Completing    Destruction   of   8th    Floor. 
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24  in.  save  for  a  few  special  ones,  while  the  slab  thick- 
ness ranged  from  6  in.  to  8V:2  in.  All  columns  were 
hexagonal  and  their  short  diameters  varied  from  33  in. 
for  the  lower  columns  to  15  in.  for  those  supporting 
the  roof.  The  concrete  was  a  1-2-4  mixture  with 
pebble  aggregate,  except  for  the  1-1-2  mixture  in  the 
columns.  The  plain  round  reinforcing  rods  of  high 
carbon  steel  were  Ys  in.  in  diameter  for  the  slabs,  % 
and  Ts  in.  for  the  beams,  and  from  1  to  IV2  in.  for  the 
columns,  which  were  also  hooped  with  a  plain  %  in. 
round,  pitched  2I2  in.  The  results  of  the  test  of  one 
of  the  floors,  described  in  another  article  in  this  issue 
of  "Engineering  and  Contracting,"  is  indicative  of 
the  excellent  condition  of  the  building  prior  to  the 
wrecking. 


The  3,500  Ft.  Embankment  Ap- 
proach to  Hell  Gate  Bridge 

A  novel  type  of  embankment  was  constructed  for 
the  eastern  approach  of  the  Hell  Gate  Bridge  at  New 
York  City.  This  approach  is  3,500  ft.  long  and  con- 
sists of  an  embankment  from  30  ft.  to  65  ft.  in  height 
above  ground.  Seven  streets  are  crossed  by  rein- 
forced concrete  arches  which  form  a  monolithic  struc- 
ture with  the  retaining  walls  of  the  embankment.  A 
brief  description  of  the  embankment  is  contained  in  a 
paper  by  Mr.  0.  H.  Ammann,  presented  Nov.  21  before 
the  American  Society  of  Civil  Engineers,  from  which 
the  matter  in  this  note  is  taken. 

The  embankment  consists  of  two  longitudinal  rein- 
forced concrete  retaining  walls,  connected  and  held 
in  relative  position  by  horizontal  steel  tie-rods,  which 
are  embedded  individually  in  a  shell  of  concrete  for 
protection  against  corrosion.  These  rods  resist  the 
pressure  from  the  earth  fill.  For  additional  stability, 
the  two  walls  are  connected  by  thin  cross-walls,  about 
50  ft.  apart.  The  arches  consist  of  a  comparatively 
thin  barrel  reinforced  by  vertical  ribs.  The  fill  is 
mixed  clay,  sand,  and  gravel,  carefully  placed  in  12- 
in.  crowned  layers,  and  thoroughly  tamped,  so  as  to 
form  a  uniform  compact  mass,  which  exerts  a  com- 
paratively small  pressure  on  the  retaining  walls.  It 
is  thoroughly  drained  by  chimneys  of  rock  packing 
which  extend  along  the  walls  from  the  top  of  the  fill 
to  the  weep-holes  at  the  bottom. 

The  walls  and  arches  have  perfectly  plain  surfaces 
and  a  simple  coping.  No  attempt  has  been  made  at 
architectural  treatment,  because  the  territory  in  the 
vicinity  is  being  built  up  mostly  by  industrial  build- 
ings which  hide  that  portion  of  the  railroad  from 
prominent  view.  This  embankment  construction  is 
considerably  cheaper  than  the  ordinary  type,  which 
consists  of  a  fill  between  two  independent  gravity 
walls.  For  a  height  of  50  ft.  the  latter  type  would 
have  cost  from  30  to  40  per  cent  more. 

A  plate-girder  viaduct  with  concrete  piers,  such  as 
was  used  north  of  Lawrence  St.  and  over  the  island, 
would  also  have  been  more  expensive  than  the  adopted 
type  of  embankment.  For  heights  exceeding  about 
65  ft.,  however,  the  plate-girder  viaduct  became 
cheaper. 

The  embankment  contains  approximately  70,000  cu. 
yd.  of  concrete  masonry,  160,000  cu.  yd.  of  earth  fill, 
and  1,000  tons  of  steel  reinforcement. 

The  cost  of  construction  per  linear  foot  of  embank- 
ment, inclusive  of  tracks,  was  approximately  $470  for 
a  height  of  65  ft.  a;id  $280  for  a  height  of  35  ft. 
(6.5  h  —  50)  dollars  per  square  foot  of  elevation,  h 
being  the  height  of  rail  above  the  ground  line. 


Lump   Sum  Versus    "Cost  Plus" 
Contracts 

An  excellent  summary  of  arguments,  pro  and  con, 
relative  to  the  "cost  plus"  form  of  contract  was  given 
by  Mr.  Fred  A.  Jones,  president  of  the  Fred  A.  Jones 
Construction  Co.,  Dallas,  Texas,  in  a  paper  presented 
before  a  State  meeting  of  the  American  Society  of 
Civil  Engineers.    An  abstract  of  the  paper  follows: 

Unless  a  close  analysis,  based  on  actual  experi- 
ence is  made,  the  old  style  "lump  sum"  or  "spotter" 
method  of  contracting,  apparently  has  a  great  many 
advantages. 

It  is  generally  thought  that  the  "lump  sum"  con- 
tract is  a  protection  against  graft,  and  especially  in 
public  work,  due  to  the  publicity  given  to  the  lettings, 
and  because  of  the  stringent  clauses  in  the  contract 
or  specifications  by  which  the  architect  or  engineer 
becomes  a  representative  of  the  owner,  and  closely 
watches  to  see  that  the  contract  is  performed  in  all  re- 
spects. Another  supposed  advantage  is  in  the  idea 
that  the  exact  cost  can  be  determined  better  in  ad- 
vance than  by  estimating,  and  further,  the  "lump 
sum"  form  of  contracting  enables  the  owner  to  avoid 
the  embarrassment  of  selecting  one  contractor  from 
among  several,  which  at  times,  due  to  friendships  or 
business  reasons,  might  be  awkward. 

From  the  contractor's  viewpoint  there  is  a  general 
feeling  that  more  money  can  be  made  out  of  "lump 
sum"  work  than  under  the  "cost  plus"  method,  and 
the  average  contractor  likes  the  gamble,  because  all 
savings  that  can  be  effected  are  his,  adding  just  that 
much  to  his  profits,  whether  these  savings  are  effected 
by  actual  economy  in  operation,  change  of  the  mar- 
ket condition,  change  of  plans  (which  usually  brings 
added  profits),  or  by  obtaining  especially  good  treat- 
ment from  the  inspectors. 

While  the  "lump  sum"  contract  undoubtedly  causes 
more  trouble  and  work  and  expense  for  the  consult- 
ing engineer  or  architect,  yet,  he  is  apparently  will- 
ing to  undergo  this  on  account  of  the  apparent 
added  importance  to  his  position.  This  is  more  es- 
pecially true  of  the  narrow  minded  or  inexperienced 
engineers  or  architects,  but  there  are  really  big  men, 
with  ability,  who  still  have  the  desire  to  put  the  con- 
tractor in  a  position  of  being  obliged  to  cater  to  the- 
owner's  representative  and  his  fancies. 

The  objections  to  the  "lump  sum"  contract  from 
the  contractor's  point  of  view,  are  not  as  commonly 
supposed,  due  to  hazards,  because  the  hazards  can 
be  reduced  to  a  minimum,  if  the  contractor  has  ample 
capital,  a  good  organization,  and  never  submits  propo- 
sals without  having  a  double  checked  estimate,  with 
a  reasonable  margin  of  profit.  I  mean  by  a  double 
checked  estimate,  two  separate  and  independent  esti- 
mates made  by  two  estimators,  and  handed  to  the 
construction  manager,  who  compares  them  and  makes 
up  his  cost  figures  from  his  experience  and  the  two 
independent  estimates.  Of  course,  the  contractor 
should  be  able  to  use  good  judgment  in  the  selection 
of  architects,  engineers  and  owners,  with  whom  he 
figures,  because  it  is  very  easy  for  unfairness  on  the 
part  of  those  with  whom  he  deals  to  cause  him  large 
losses,  but  the  only  real  hazards,  other  than  poor 
management,  are  the  elements,  unscrupulous  or  care- 
less bidding  of  competitors  and  unfairness  of  archi- 
tects, engineers  or  owners.. 

There  is  another  hazard  that  can  be  reduced  to  a 
minimum  by  good  judgment,  and  that  is  in  the  letting 
of  sub-contracts,  for  it  must  be  remembered  that  even 
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though  a  sub-contractor  has  furnished  a  good  and 
adequate  bond,  yet,  if  the  sub-contractor  fails,  the 
owner  is  looking  to  the  general  contractor  entirely, 
with  probably  a  penalty  for  delay  in  completion.  The 
general  contractor  cannot  call  on  the  bondsmen  of 
the  sub-contractor  until  he  can  show  a  loss  and  the 
amount  of  the  loss,  which  can  only  be  done  at  the 
completion  of  the  job;  when  the  time  arrives  to  show 
the  loss  and  collect  from  the  bonding  company,  you 
very  seldom  collect  any  money  on  a  bond  of  this  char- 
acter, for,  in  the  desire  to  rush  work  to  completion, 
more  money  will  be  paid  to  the  sub-contractor  than 
is  due  him,  or  the  bond  violated  in  some  other  way. 

A  serious  objection  from  the  contractor's  point  of 
view,  to  "lump  sum"  contracting  is  that  no  matter 
how  much  time  and  money  he  has  spent  on  his  or- 
ganization, he  is  usually  classed  with  any  other  con- 
tractor who  can  furnish  satisfactory  bonds.  This  is 
due  to  the  lack  of  appreciation  by  the  average  lay- 
man of  the  fact  that  there  can  be  a  very  material 
difference  in  the  structure  when  completed,  as  be- 
tween two  different  contractors,  in  spite  of  all  rea- 
sonable inspection,  although  apparently  the  plans  and 
specifications  have  been  complied  with  in  both  cases. 
This  lack  of  knowledge  and  experience  on  the  part  of 
the  average  layman  makes  it  possible  for  bids  to  be 
received,  at  times,  from  those  incompetent  to  do  the 
work  in  hand.  Naturally,  it  frequently  happens  that 
a  good  job  is  spoiled  for  a  good  contractor  by  unin- 
telligent bidding  of  others,  and  is  spoiled  for  the 
owner  because  he  does  not  receive  that  for  which 
he  pays,  and,  in  addition  frequently  has  law-suits 
and  other  troubles  in  connection  with  his  work.  But 
this  is  not  the  most  serious  objection.  There  have 
been  so  many  chances  taken  in  the  past,  and  so  much 
"rule  of  thumb"  method  used  in  estimating,  together 
with  real  and  unavoidable  losses,  due  to  "acts  of 
God"  or  other  causes  beyond  the  control  of  the  con- 
tractor, that  very  few  contracting  concerns  really 
have  a  good  standing  with  the  banks.  Lack  of  suffi- 
cient funds,  by  reason  of  this  poor  standing,  fre- 
quently causes  a  loss  in  what  should  be  a  profitable 
contract.  It  is  impossible  for  banks  to  check  an  esti- 
mate and  determine  whether  at  the  end  of  a  job  the 
contractor  will  show  a  gain  or  a  loss  in  assets,  and 
they  are  likely  to  withdraw  credit  at  a  critical  time. 
In  addition  to  this,  if  a  contractor  is  bidding  on  all 
the  work  in  his  line  which  comes  up  in  a  certain  ter- 
ritory, he  is  not  likely  to  receive  more  than  1  out  of 
15  jobs  bid  upon,  and  the  cost  of  estimating  becomes 
a  very  large  part  of  his  overhead  expense,  as  it  is 
hardly  possible  to  estimate,  for  example  a  $300,000 
job  at  a  cost  of  less  than  $500.  The  only  estimate  by 
any  bidder  that  does  anyone  any  good  is  that  of  the 
successful  bidder;  the  balance  of  the  money  spent 
by  other  contractors  on  estimating  is  an  economic 
waste.  You  can  be  very  sure  that  the  "lump  sum" 
contractor  does  not  forget  this  when  he  estimates 
his  cost  of  a  job  (or  if  he  fails  to  include  it,  he  does 
not  know  his  own  cost),  and  the  owner  pays  in  the 
end ;  for  like  railroads,  contractors  are  not  Santa 
Clauses,  and  like  other  men,  they  have  a  feeling  that 
no  one  is  entitled  to  something  for  nothing. 

From  the  viewpoint  of  the  consulting  engineer  or 
architect,  there  are  some  real  objections  to  "lump 
sum"  contracting,  for  in  the  first  place  he  increases 
his  cost  of  supervision,  which  could  be  avoided  by 
doing  the  work  on  a  "cost  plus"  basis,  and  this  is  an 
economic  waste.  Furthermore,  he  is  forced  to  look 
upon  suggestions  made  by  the  contractor  with  a  cer- 
tain amount  of  suspicion,  and  the  natural  thought  is. 


what  advantage  would  the  contractor  making  the  sug- 
gestion obtain.  In  this  way  he  loses  a  great  deal  of 
valuable  assistance,  because,  even  though  he  had  con- 
fidence in  the  contractor,  the  owner,  his  client,  might 
lose  confidence  in  his  expert  advice  if  he  were  taking 
suggestions  or  receiving  advice  from  one  whose  con- 
tractual relations  were  directly  opposed  to  the  inter- 
ests of  the  owner.  Again,  contractors  have  been 
known  to  have  some  secret  understanding  among 
themselves,  for  this  is  sometimes  done  in  spite  of 
legislation  against  such  practice.  The  modern  first-, 
class  constructing  and  engineering  organizations  are 
the  greatest  enemies  to  "pooling,"  and  the  greatest 
friends  to  "cost  plus"  contracting. 

Another  natural  objection  of  the  ai'chitect  or  en- 
gineer is  that  he  is  not  allowed  to  select  an  organiza- 
tion which  to  his  mind,  is  the  most  efficient  and  can 
lend  him  most  assistance,  having  some  expert  de- 
partments which  he  cannot  afford  to  maintain.  He 
must  decide  who  the  contractor  shall  be  according 
to  cold  figures,  knowing  frequently  in  his  own  heart 
that  it  is  not  the  best  for  the  owner  to  accept  the 
lowest  bid,  but  fearing  suspicion  of  the  owner  that 
he  has  ulterior  motives  if  he  recommends  so  highly 
some  particular  organization.  In  addition  to  this,  in 
"lump  sum"  contracting  there  can  be  very  little  reci- 
procity as  between  engineer  or  architect  and  con- 
tractor. There  is  always  a  certain  amount  of  give 
and  take  in  any  well  conducted  contract,  but  there 
exists  no  opportunity  for  the  contractor  to  bring  to 
the  engineer  or  architect,  a  commission  for  profes- 
sional services  by  reason  of  his  influence  with  some 
particular  client,  or  for  the  reverse,  the  architect  or 
engineer  to  turn  over  without  competition  a  job  for 
which  a  certain  construction  organization  is  par- 
ticularly well  equipped. 

From  the  owner's  viewpoint  there  are  many  ob- 
jections to  "lump  sum"  contracting,  some  of  which 
have  already  been  covered.  In  the  first  place  the  con- 
tractor and  the  owner  are  not  working  along  parallel 
lines.  Their  interests  are  not  the  same,  and  this  can- 
not give  the  best  results,  though  the  contractor  be 
ever  so  conscientious.  Most  all  the  objections  al- 
ready mentioned,  of  his  engineer  or  his  architect 
would  apply  so  far  as  the  owner  is  concerned,  because 
of  conflicting  interests,  but  if  such  a  contract  were 
entered  into  as  to  allow  him  to  select  a  highly  devel- 
oped and  flexible  construction  organization,  and  en- 
courage the  most  effective  use  of  such  an  organiza- 
tion, all  parties  would  be  working  toward  a  common 
end.  Other  objections  of  the  owner  are  that  if  the 
architect  or  engineer  makes  and  mistakes,  thereby 
causing  extras  or,  for  any  other  reason,  changes 
should  be  made,  it  is  not  to  the  interests  of  the  con- 
tractor to  call  attention  to  these  in  advance  of  sign- 
ing the  contract,  but  rather  to  await  such  a  time  as 
the  owner  would  be  obliged  to  pay  him  almost  his 
own  price.  Of  course,  any  small  changes  can  be  cov- 
ered by  a  clause  in  the  specifications,  but  it  is  impos- 
sible to  cover  any  very  large  change  in  orginal  plans. 
The  owner  dares  not  pay  the  contractor  more  than  is 
due,  according  to  his  contract,  even  though  he  may 
knovs^  that  he  cannot  get  efficient  service  without  the 
contractor  having  ample  funds,  for  he  might  in  this 
way  vitiate  the  contractor's  bond.  In  fact,  the  whole 
proceeding  must  be  bound  around  with  a  large  amount 
of  red  tape. 

How  much  better,  how  much  simpler,  and  how  in- 
finitely more  to  be  desired,  is  a  form  of  contract 
where  the  contractor,  owner  and  expert  are  working 
in  absolute  harmony?     Under  such  a  contract,  har- 
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mony  exists  because  their  interests  are  the  same,  and 
they  practically  form  a  partnership  for  a  time.  The 
"cost  plus"  contractor  receives  the  wages  of  trust, 
and  it  goes  without  saying  that  there  must  be  abso- 
lute integrity  and  efficiency  in  the  organization  be- 
fore it  is  wise  to  deal  with  a  contractor  on  any  basis, 
but,  being  first  satisfied  with  the  contractor's  organ- 
ization and  character,  the  advantages  of  the  "cost 
plus"  method  are: 

First,  the  rate  of  profit  being  fixed  in  advance  the 
owner  and  contractor  are  in  position  to  work  together 
for  the  very  best  results  for  the  money  to  be  spent. 
Their  interests  do  not  conflict. 

Second,  desirable  changes  that  arise  during  con- 
struction (and  some  always  arise)  can  be  made  in  ex- 
act equity  to  the  owner. 

Third,  it  should  give  an  owner  a  better  property — 
the  best  he  and  his  engineer  or  architect  and  contrac- 
tor can  produce  for  the  money  spent,  at  a  lower  profit 
than  he  would  usually  pay  on  a  flat  sum  basis — any- 
way not  exceeding  cost,  plus  a  reasonable  pre-agreed 
profit,  which  is  as  cheap  as  he  is  entitled  to  it;  and, 

Fourth,  the  work  can  be  started  immediately  with- 
out waiting  for  completion  of  plans  in  all  their  de- 
tails. 

In  a  "cost  plus"  contract,  the  owner  also  receives 
the  savings  made  in  purchases,  which  are  effected 
by  studying  conditions  as  requirements  arise  for  ma- 
terials, and  here  is  opportunity  for  considerable  sav- 
ing, sometimes  equalling  in  amount  the  entire  fee  of 
the  contractor. 

A  reliable  estimate  of  the  eventual  construction  cost 
made  by  a  well  organized  and  experienced  contracting 
concern  is  a  better  guidf«  for  the  owner  as  a  rule  than 
the  bidder's  figures  on  a  "lump  sum"  contract  letting. 
One  of  the  most  satisfactory  methods  of  limiting  the 
cost  is  to  let  all  parties  know  in  advance  this  limit 
and  work  in  unison  not  to  exceed  it,  but  to  get  the 
most  for  the  money  spent,  while  to  try  to  limit  the  cost 
by  requiring  a  guaranteed  maximum  is  only  getting 
back  to  the  red  tape  of  the  "lump  sum"  contract  with- 
out gaining  anything. 

In  conclusion,  a  "cost  plus"  contract  is  a  bankable 
piece  of  paper. 


Portable  Houses  for  American  Troops  in  France. — 

It  is  expected  that  contracts  will  be  let  shortly  for 
300,000,000  ft.  b.  m.  of  Southern  pine  for  portable 
knock-down  houses  for  the  use  of  American  troops  in 
France  as  hospitals  and  barracks  quarters.  Plans 
prepared  by  War  Department  architects  provide 
for  houses  to  be  made  up  in  panels,  put  together  by 
bolts,  shipped  knocked-down,  and  bolted  together  by 
soldiers  in  France. 


Shear  Diagram  for  Bentup  Bars 

By  FRANK  S.  BAILEY, 
With  Metcalf  &  Eddy,  Consulting  Engineers,  Boston  and 
Chicago. 
The  determination  of  the  value  of  bent  up  bars  in 
providing  for  diagonal  tension  in  reinforced  concrete 
beams  is  considerably  simplified  by  the  use  of  the 
diagram  here  shown.  The  Joint  Committee  formula 
for  the  area  of  steel  section  in  each  bend  (of  20°  to 
45°  with  the  horizontal)  is 

%  V  S 

As  =  2/3x in  which 

fs  j  d 
As  =  area  of  section  of  steel  in  bend 
V  =  total  vertical  shear 
s  =  horizontal  spacing  of  bends 
f s  =  unit  stress  on  steel 
j  =  Vb  (average  value) 
d  =  depth  to  center  of  steel. 
This  formula  is  based  on  the  assumption  of  two- 
thirds  of  the  total  shear  being  taken  by  the  steel  and 


Barracks  for  Housing  W^orkmen  for  Ship  Yards. — 

The  American  International  Shipbuilding  Corporation 
has  started  construction  on  the  erection  of  barracks 
at  the  ship  yards  on  Hog  Island,  on  the  Delaware 
River,  for  housing  30,000  men.  The  barracks  will  be 
patterned  after  those  erected  by  the  Government  in 
accommodating  its  soldiers  in  the  various  canton- 
ments. 


City  Manager  for  Norfolk,  Va. — At  an  election  No- 
vember 20  the  citizens  of  Norfolk,  Va.,  by  a  majority 
vote  of  2,184,  adopted  a  new  city  charter,  which  pro- 
vides for  a  council  of  five  members  and  a  city  man- 
ager. 
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Diagram   Showing    Sizes   and    Numbers   of   Bent   Up    Bars   or   Rods 
to   Provide   for   Various   Vaiues   of   V  =  Total   Shear, 
When   the   Horizontal   Spacing    Is   ^^d,   and   Con- 
crete  Tal<es   '  3   of   V    and   fs    +    16,000. 

one-third  by  the  concrete.  The  Committee  recom- 
mends that,  s,  be  not  greater  than  %  d.  Now  placing 
3  =  3^ (J  in  the  above  equation  and  solving  for,  V,  we 
obtain  the  following  value: 

V  =  7/3  As  fs; 

and  making  Fs  =  16,000  lb.  per  square  inch — 

V  =  37,333  As, 

from  which  equation  the  diagram  was  plotted. 

Assuming  that  one  1-in.  square  bar  is  bent  up.  As  = 
1.00  and  the  total  amount  of  shear  provided  for  is  37,- 
333  lb.  If  there  are  two  or  three  bends,  each  bend 
consisting  of  one  1-in.  square  bar,  and  the  bends  are 
spaced  horizontally,  a  distance  equal  to  %d,  then  each 
bend  provides  for  37,333  lb.  shear  on  the  section  of 
the  beam  where  the  bend  is  effective.  If  the  spacing 
should  be  twice  as  close  or  equal  to  %d,  the  shear 
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provided  for  would  be  double  the  above  amount,  or  The    GrcatCSt  Arch   Bridge    ill    the 

about  75,000  lb.;  if  four  times  as  close,  or  equal  to  __.        -  ,           j   T*      /^       *. 

3/16d,  it  would  be  about  150,000  lb.    It  has  been  the  WOrld  and  lt§  L<OSt 

practice  in  the  past  few  years,  in  some  offices  at  least,  n^-^e  Hell  Gate  arch  bridge,  which  carries  the  four 

to  provide  a  sufficient  number  of  vertical  stirrups  to  tracks   of  the   New   York  Central   Railroad   over  the 

take  care  of  the  shear  and  regard  the  bent-up  bars,  if  g^st  River  in  New  York,  is  the  longest  arch  bridge 

there  were  any  in  the  beam,  as  an  additional  factor  j^  ^he  world,  its  span  being  1,017  ft.  between  abut- 

of  safety.  ment  faces  and  995  ft.  between  centers  of  bearings. 

In  competitive  designs  where  it  is  necessary  to  pre-  r^-^^  dg^r  width  between  the  two  trusses  is  53  ft.,  the 

pare  as  economical  an  arrangement  of  steel  as  possi-  distance  from  center  to  center  of  trusses  being  60  ft. 

ble,  there  is  a  tendency  to  save  stirrups  by  allowing  Tj,g  ^.^s^  of  the  bridge,  exclusive  of  approaches,  was 

for  the  value  of  bent-up  bars.     In  cases  where  the  ^-^^^^  $3,700,000,  distributed  as  follows: 
bent-up  bars  do  not  provide  sufficiently  for  the  total 

,  ':,  .  J      ■  j^     i.-  i  ^  iv  Towers   and   foundations $1,700,000 

shear,  the  spacing  and  size  of  stirrups  to  make  up  the     steel  superstructure  1.900,000 

difference  may  be  found  by  the  following  formula;  concrete  flooring  and  ballasted  tracks •     loO'""" 

^g    fg    j    (]  Total    $3,700,000 

s  =  3/2. This  is  equivalent  to  about  $68  per  square  foot  of 

V  —  Vb  floor  area, 

in  which  Vi.  is  the  shear  provided  for  by  the  bent-up  There  are  110,000  cu.  yd.  of  masonry  in  the  towers 

bars,  the  other  symbols   being  the  same    as    in    the  and  foundations,  and  19,400  tons  of  steel  in  the  su- 

formula  previously  quoted.*  perstructure,  distributed  as  follows: 

The  Joint  Committee  suggests  that  the  tension  due  stringers                                                                           -Toiirmfo 

to  bending  moment  at  the  point  of  bending,  should  be      Floor  beams  3,870,000 

•J  I       rru      J-  •  i-u      J    11         1  c  i.\.  Railing  gilders  with  wind  chords 635,000 

considered.      The    diagram   gives  the    full   value   of   the       i-.oor   laterals  ana   bracing  girder.'; 575.000 

bent-up  bars  with  nothing  deducted  for  tension  from  ^^^^^  ^^^^  system  9,090,000 

moment.    As  the  tension  varies  in  different  cases,  thev     Arch  trusses  !.'.'.. 2i!64o!ooo 

.should  be  considered  separately.  In  a  beam  with  4  Trch'^bra'cine''"'.::::;::;:::::::::::;::::: :::::::: :::::::  zXol 

bars,  2  of  which   are  bent  up  at  a  point  where  the     Bearings   I'^^O'""" 

moment  is  half  of  the  maximum  and  where  the  ten-  Total  steel  weight 37,770,000 

sile    stress    in    each    of   the    four    bars    is    8,000    lb.    per  "r  f\  average  of  .17.000  Ib.   per  lin.   ft.   of  bridge.     This  does  not 

.        .,                 .               ,      .              ,                    „  „..    ,,    .  inrlude  4i0   tons  of  I   beams  in   the  concrete   floor-slabs. 

square  inch  (the  maximum  being  taken  at  16,000  lb.),  „,                        ,,,,.,--,  r^^r.   iu             i>     i.     * 

it  is  evident  that  to  allow  for  this  we  must  deduct  ,    T^ie   average   dead    load    is   51  000     b^  per   foot  of 

8,000  lb.  per  square  inch,  caused  by  bending  moment,  ^'^"^g^-    '"elusive   of   the   solid   ballasted    floor.      The 

from  the  16,000  lb.  per  square  inch  to  which  the  total  ^^-'dge  was  designed  to  carry  Cooper  s  E  -  60  loading, 

stress  is  to  be  limited,  leaving  8.000  lb.  available  for  The  steel  cost  about  5  ct   per  pound  in  place.    Tho 

diagonal  tension.     In  that  case  the  value  of  the  bent-  erection  of  the  arch  was  begun  in  September,  1914. 

up  bars  would  be  but  half  the  value  given  by  the  dia-  f  ^  was   finished   two  years   later,   with   an   average 

gram  (which  is  based  on  fs  =  16.000  lb.).    In  the  case  f°'*c^  °^  ^^^  '"^"• 

of  the  two  %-in.  square  bars  they  would  take  care  of  In  a  paper  190  pages  long,  presented  Nov.  21  be- 
only  21.000  lb.  of  shear  instead  of  42.000  lb.,  as  read  fore  the  American  Society  of  Civil  Engineers,  by  O. 
from  the  diagram.  If  there  were  only  4.000  lb.  ten-  H.  Ammann,  many  interesting  details  of  this  great 
sion  due  to  moment,  there  would  be  12.000  lb.  or  %  bridge  are  discussed.  Its  designer,  Gustav  Linden- 
of  16,000  available  for  diagonal  tension,  so  the  two  thai,  selected  the  arch  type  in  preference  to  the  canti- 
%-in.  square  bars  would  take  care  of  %  of  42,000  lb.  lever  and  the  suspension  types.  The  estimated  weight 
or  about  31,000  lb.  of  shear.  of  carbon  steel  in  an  arch  was  13,000  tons,  as  com- 

pared  with   14,000  tons  for  a  suspension  and   17,00u 

Government   Subsidized    Steel    Plant   Proposed    for  tons  for  a  cantilever  bridge. 

Holland. — A  meeting  of  interested  parties,  at  which  Speaking  of  the  selection  of  the  type  of  bridge  and 

the    Holland    government   was    represented    has    just  of    the    arch,   cantilever    and    suspension    types    of 

been   held  to  consider  the  creation   of  an   important  bridges,  Mr.  Ammann  says: 

new    enterprise    for   Holland — a   smelting   furnace    and  The    span    length,    required    clearance:    character    of    soil,    and 

a    steel    and    rolling    mill.      A    joint    stock    company    is  other   local   conditions   at   Hell   Gate   are   such   that,    in   a   broad 

contemplated   with   a   capital   of   $10,050,000,   of   which  s^"^^-   t^ere  is  little  if  any  difference   in  cost  between  the  sev- 

,,                                   i.      -^    1.1,                1-              J.                        J                11  eral    t^-pes    mentioned.      Whatever    differences    in    cost    may    be 

the    government,    if    the    parliament    approved,    would  ^^^^^  -^^  comparative  designs   are-  largely  due   to  the  individual 

take  about  a  third.      The  plant  would  be  at  Ymuiden.  judgment  of   the   designer  in   the   selection  of   the   truss   system, 

at  the  entrance  of  the  North  Sea  Canal,  and  therefore  material,  permissible  unit  stresses,  foundations  and  architectural 

at  a  most  convenient  spot  for  imports  of  raw  mate-  features. 

.J  A  real  economy  of  the  suspension  type  over  the  others  comes 

•"'^'S-  in  with  spans  greater  than  S50  ft.;  an  appreciable  economy  of  the 

arch   over  the   cantilever  and  suspension   types  would  have   been 

City   Will    Vote   on    Conducting   Municipal    Fuel    and  realized    with     more    favorable    configuration    and    character    of 

Ice    Plants.— A    special    election    will    be    held    at    Osh-  ground-   particularly   if  the  required  clearance  had   permitted   the 

,        ,      ,,,.                 T           o   i.       I       •  1          V.    iu         j-1,         -J.         u    II  same    span    length    for    the    arch  tas    tor    the    other    types.     There 

kosh.  Wis.,   on   Jan.   8  to  decide  whether  the   city  shall  ^^^    ^^^  ^^^^   ^g^^„^_    therefore,    for   selecting    the   type    for   the 

conduct  municipal   fuel   and   ice   plants.  jj^H  Qate  bridge  on   broader  than  mere  economic  principles. 

Mr.    Lindenthal  conceived   the   bridge  as  a   monumental  portal 

The  Citv  of  Kansas  City,  Mo.,  is  calling  for  bids  for  'or  the  steamers  which  enter  New  York  Harbor  from  Long  Island 

.,^r                 •    J       i   •    ■      1     •                      •         i.         A           ni\r\  Sound.     He  also  realized  that  this  bridge,  forming  a  conspicuous 

constructing  a  viaduct  involving  a  mam  structure  900  ^^.^^^  ^.^^^^  ^^^  ^^  3^^^  j^„„  ^^„^■^  chores  of  the  river  and  from 

ft.    long   of    reinforced    concrete    and    a    steel    approach  almost    every    elevated    point    of    the    city,    and    will    be    observed 

460  ft.  long.  daily  by  thousands  of  passengers,  should  be  an  impressive  struc- 

ture.     The  arch,   flanked  by  massive  masonry  towers,   was  most 

•Diagrams    prepared    by    the    writer    for   finding   the   spacing   of  favorablv  adapted  to  that  purpose.     •     •     • 

rS;JnWw'e"re  ^"uius!,;'d"-  in'''F"S^!ne^V,'n^rNe.'.rt?ct°"l2,*l!l6!'a°^I  The  three-hinged  arch  was  not  considered.     It  is  not  cheaper 

have  been  reprinted  in  a  Lefax  notebook  sheet.  than  the  two-hinged  arch,  and  is  not  as  rigid.     The  fact  that  the 
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two-hinged  arch  Is  statically  indeterminate  is  frequently  cited 
as  an  objection  to  that  type.  This  is  not  justified.  There  is  no 
more  uncertainty  in  the  stress  distribution  in  that  type  than  in 
a  so-called  statically  determinate  structure  with  riveted  con- 
nections, and  even  pin  connections  do  not  remove  the  uncer- 
tainty, as  is  now  well  recognized.  Moreover,  if  desired,  it  is 
always  possible,  as  has  been  done  in  the  case  of  the  Hell  Gate 
bridge,  to  erect ^the  two-hinged  arch  so  that  it  is  statically  de- 
terminate for  dead  load.  This,  however,  is  a  convenience  in  erec- 
tion rather  than  an  advantage  as  regards  stress  action.  Of 
course,  the  above  characteristic  of  the  two-hinged  arch  is  a 
serious  objection  where  no  solid  foundations  can  be  obtained, 
because  of  the  uncertainty  of  stresses  which  may  be  produced 
by  a  spreading  of  the  foundations.  A  two-hinged  arch  required 
unyielding  abutments. 


The    First    Reinforced    Concrete 

Motor  Boat  on  the  Great 

Lakes 

A  reinforced  concrete  motor  boat,  the  only  one  of 
its  kind  on  the  Great  Lakes,  has  been  presented  to 
the  Naval  Reserve  by  Mr.  Walter  N.  Dowsey,  the 
owner  and  builder  of  the  boat.  The  boat  was  con- 
structed at  Iron  Mountain,  Mich.,  in  1914,  and  has 
been  in  constant  use  for  the  past  three  years. 

It  was  built  up  with  a  T-bar  laid  for  the  keel,  the 
end  of  which  was  turned  upward  and  used  for  prow 
post.  Flat  steel  12  gage  by  1  in.  was  riveted  to  the 
keel  as  ribs  on  12-in.  centers.  Some  flat  steel  strips, 
12-in.  centers,  were  then  riveted  to  the  ribs  extend- 


Motor  Boat  Constructed  of   Reinforced  Concrete. 

ing  lengthwise  from  prow  to  stern.  Upon  this  light 
framework  of  flat  steel  12-in.  strips  of  ^^-in.  square 
wire  mesh  were  attached  by  wire,  covering  the  entire 
hull,  one  thickness;  below  water  line  and  on  the  bot- 
tom, two  thicknesses  were  used. 

The  concrete  was  applied  with  a  trowel  and  in  order 
to  complete  the  work  the  owner  worked  until  mid- 
night. In  the  morning  he  discovered  that  the  cement 
had  dried  too  rapidly  and  showed  some  hair  cracks. 
The  hair  cracks  have  received  no  attention  to  date 
and  have  caused  no  trouble.  No  effort  was  made  to 
trowel  the  outer  surface  af  the  hull  smooth  and  as  a 
result  it  is  not  a  real  speedy  boat,  though  it  easily 
makes  10  miles  an  hour.  The  concrete  was  allowed  to 
harden  under  cover  and  was  sprinkled  during  the 
hardening. 

The  boat  is  18  ft.,  6  in.  long;  has  a  beam  of  4  ft. 
6  in.;  thickness  of  hull  %  in.;  depth  of  hull,  38  in.; 
power,  6-H.P.  motor.  Portland  cement  and  sand  were 
used  in  proportions  of  1  part  of  cement  to  iy2  parts 
of  sand. 


"Cost  Plus"   Contract    Forms  of 
Stone  &  Webster 

stone  &  Webster,  one  of  the  largest  construction 
firms  in  this  country,  carries  out  nearly  all  of  its  con- 
tracting work  under  the  "cost  plus"  form  of  contract. 
Four  forms  of  contract  are  used  by  this  concern:  (1) 
Percentage  basis  for  design  and  construction;  (2) 
fi.xed  fee  basis  for  design  and  construction;  (3)  per- 
centage basis  for  construction  alone,  and  (4)  fixed 
fee  basis  for  construction  alone.  The  main  features 
of  these  forms  are  practically  identical,  and  accord- 
ingly only  the  one  for  "construction  alone  on  the 
fixed  fee  basis"  is  reprinted  below.  The  points  of  dif- 
ference in  the  forms  are  shown  by  the  footnotes. 

Stone  &  Webster  Form  of  Contract  for  Construction 
Alone  on  Fixed  Fee  Basis. 

19.. 


We  hereby  propose  to  construct*  for  you 

I.  SERVICE  TO  BE  RENDERED.f 

With  respect  to  this  work  we  propose  to  act  as  your 
own  Construction  and  Purchasing  Departments,  be- 
ing guided  in  all  respects  by  such  instructions  as  you 
may  from  time  to  time  give  ua. 

As  Constructors,  we  will  execute  with  our  own 
forces  the  construction  and  install  the  machinery  and 
equipment,  sub-letting  parts  of  the  work  when  it  is 
to  your  advantage  to  do  so,  and  turn  the  completed 
work  over  to  you  ready  for  regular  use. 

As  Purchasing  Agents,  we  will  purchase  the  neces- 
sary machinery,  equipment  and  materials. 

We  will  furnish  at  our  own  expense: 

(a)  The  service  of  the  members  of  the  firm  and 
the  executive  officers  of  the  Division  of  Construc- 
tion and  Engineering,  who  will  direct  and  oversee  the 
work  performed   under  this   agreement. 

(b)  The  service  of  an  Assistant  Construction  Man- 
ager and  the  Construction  Department  in  the  Boston 
oflice. 

(c)  The  service  of  the  Purchasing  Department  in 
our  Boston  oflice  which  will  assist  in  the  purchase 
of  the  machinery,  apparatus  and  materials. 

(d)  The  service  of  the  Accounting  and  Auditing 
Departments   in   our  Boston   office. 

(e)  All  other  expense  of  our  Boston  office,  except- 
ing only  the  salaries  of  men  in  the  Engineering  and 
Drafting  Departments  for  the  time  they  are  engaged 
on  your  work. 

II.  COMPENSATION.** 

You  are  to  pay  us  for  the  services  specified  above 
the  sum  of  $ 

This  amount  is  payable  in  instalments  of  $ 

on  the  last  of  each  month,  commencing  with 

19..,  until  90  per  cent  of  the  total  is  paid,  the  bal- 


•In  the  contracts  for  design  and  construction  this  sentence 
reads:    "We  hereby  propose  to  design  and  construct  for  you." 

tThe  first  two  paragraphs  under  "Services  to  be  Rendered"  in 
the  contracts  for  design  and  construction  are  as  follows; 

"With  respect  to  this  work  we  propose  to  act  as  your  own 
Kngineering.  Construction  and  Purchasing  Departments,  being 
guided  in  all  respects  by  such  instructions  as  you  may  from  time 
to  time  give  us." 

"As  Engineers,  we  will  make  all  necessary  studies  and  de- 
terminations, recommend  to  you  the  type  and  character  of  equip- 
ment and  of  construction  required  and  prepare  plans  and  speci- 
fications  for  equipment,   material  and   construction   work." 

•*The  compensation  clause  in  the  percentage  basis  contract  is: 
"II.  Compensation.  You  are  to  pay  us  for  the  services  specified 
above  a  sum  equal  to  . .  per  cent  of  the  'cost  of  the  work,'  as 
defined  in  the  next  section,  oayments  to  be  made  at  the  end  of 
each  month  based  on  expenditures  during  that  month." 
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ance  of  10  per  cent  being  payable  on  completion  of 
the  work. 

If  material  change  in  the  scope  of  the  work  is  or- 
dered by  you  there  shall  be  added  to  or  subtracted 

from  this  amount  a  sum  equal  to   per  cent  of 

the  estimated  cost  of  the  work  added  to  or  deducted 
from  that   now   contemplated. 

III.  COST  OF  THE  WORK. 

It  is  understood  that  "cost  of  the  work"  shall  in- 
clude the  following  items  whether  commitments  or 
expenditures  are  made  by  you  direct  or  by  us  for 
your  account: 

(a)  The  cost  of  all  materials,  machinery,  equip- 
ment and  labor. 

(b)  The  cost  of  any  lands  or  rights  of  way  required. 

(c)  The  cost  of  tools  and  construction  equipment 
purchased  and  the  rental  of  any  equipment  hired. 

(d)  The  cost,  at  salary  rates,  of  men  in  the  Engi- 
neering and  Drafting  Departments  in  our  Boston 
office  or  in  the  field  in  connection  with  any  engineer- 
ing or  designing  we  may  be  called  on  to  do,  with  the 
choice  and  purchase  of  materials  and  apparatus  and 
with  the  inspection  of  the  work. 

(e)  The  cost  of  a  works  office,  including  the  sal- 
aries and  expenses  of  a  superintendent  of  construc- 
tion, an  accountant,  a  purchasing  agent,  and  such 
assistants  as  they  may  require;  the  cost  of  all  field 
engineering  and  inspection ;  the  expense  of  maintain- 
ing the  works  office. 

(f)  The  cost  of  insurance  and  any  expense  incurred 
in  connection  with  any  accident  or  damage  to  per- 
son or  property. 

(g)  Any  traveling  expenses  or  expenses  of  a  simi- 
lar character  and  any  other  expenditures  we  may  ex- 
cept for  items  specified  in  Section  I,  as  furnished  at 
our  own  expense. 

IV.  DISBURSEMENTS. 

We  will  make  all  payments  for  material,  labor, 
equipment,  services,  etc.,  for  your  account  from  funds 
to  be  advanced  to  us  by  you  for  the  purpose,  giving 
you  each  month  a  detailed  statement  of  expenditures 
during  the  previous  month,  supported  by  proper 
vouchers. 

V.  PURCHASES  AND  CONTRACTS. 

You  will  have  as  full  control  as  you  care  to  exer- 
cise of  the  purchase  of  materials  and  equipment  and 
of  the  letting  of  such  sub-contracts  as  may  seem  de- 
sirable. 

All  contracts  and  orders  placed  by  us,  payrolls  and 
other  obligations,  shall  be  in  your  name,  "By  Stone 
&  Webster,  Agents,"  and  it  is  understood  that  we  as- 
sume no  pecuniary  liability  under  or  by  reason  of 
such  obligations. 

VI.  INSURANCE. 

Unless  otherwise  directed  by  you,  v/e  will  place  in- 
surance in  your  name  and  for  your  account,  cover- 
ing your  liability  to  the  public  and  to  employes  en- 
gaged on  this  work,  with  limits  of  $10,000  for  any 
one  person  and  $20,000  for  any  one  accident,  unless 
Workmen's  Compensation  laws  make  it  advisable  to 
secure  insurance  in  some  other  form  or  amount.  The 
policies  will  be  in  the  usual  form. 

If  you  so  request,  we  will  place  insurance  in  your 
name  and  for  your  account  covering  damage  to  the 
work,  or  any  part  of  it,  by  fire. 

VII.  PROGRESS  REPORTS. 

We  will  render  reports  to  you  monthly  showing  the 
progress  of  the  work  in  its  various  parts  and  any 
changes  that  it  may  seem  advisable  to  make  in  the 
estimates  of  cost  or  of  time  required  for  completion. 


VIII.  AUDIT. 

Our  correspondence,  records,  vouchers  and  books  of 
account,  in  so  far  as  work  done  'or  money  expended 
under  this  agreement  are  concerned,  will  be  always 
open  to  your  inspection. 

IX.  TERMINATION  OF  EMPLOYMENT.+t 

If  at  any  time  you  should  become  dissatisfied  with 
the  manner  in  which  the  work  is  being  conducted,  or 
should  wish,  for  any  reason,  to  discontinue  the  work, 
you  are  at  liberty  after  ten  days'  notice  in  writing,  to 
terminate  our  employment  and  to  take  possession  of 
the  work  done  and  material  furnished  for  you  under 
the  terms  hereof. 

In  case  you  take  such  action,  we  shall  be  entitled  to 
receive  in  payment  for  our  services,  all  instalments 
due  us  under  the  terms  of  Section  II,  including  that 
for  the  month  during  which  such  termination  occurs. 

X.  ACCEPTANCE  AND  APPROVAL. 

On  acceptance  of  this  proposition  by  you,  and  its 
approval  by  Stone  &  Webster  it  will  constitute  an 
agreement  between  us. 

The  advantages  of  the  "cost  plus"  form  of  contract 
is  summarized  as  follows  by  Mr.  H.  L.  Rogers,  Man- 
ager of  the  Division  of  Construction  and  Engineering 
of  Stone  &  Webster: 

The  advantage  of  either  the  percentage  or  fixed  fee  over  the 
lump  sum  basis  for  work  of  any  magnitude  are  so  obvious  that 
it  is  difficult  to  understand  why  the  old  basis  can  persist.  The 
adoption  of  the  percentage  basis  by  the  Government  for  a  large 
part  of  its  work  in  this  present  emergency  is  a  very  strong 
endorsement  and  undoubtedly  will  be  accepted  as  such  by  most 
people  having  important  work  to  do.  As  a  matter  of  fact,  almost 
every  sizeable  construction  job  is  about  as  much  of  an  emergency 
for  the  man  putting  up  the  money  as  these  Government  works 
are  for  the  Government. 

The  principal  advantage  from  the  owner's  point  of  view  is 
that  the  construction  force  works  for  him  in  precisely  the  same 
way  as  his  architect  or  engineer  works  for  him,  and  can  meet 
any  contingency  in  material  or  labor  markets  from  the  owner's 
point  of  view,  and  from  his  only.  Of  course,  there  are  small  jobs 
e.xtending  over  a  short  period  of  time  and  of  such  a  character 
that  the  cost  can  be  pretty  accurately  determined  in  advance 
where  the  lump  sum  basis  will  produce  satisfactory  results,  but 
in  work  of  any  importance  where  all  details  can  not  be  deter- 
mined in  advance  or  where  material  for  the  whole  job  can  not  be 
purchased  before  the  contract  is  signed,  the  contractor  is  taking 
a  big  gamble  for  which  he  tries  to  get  adequately  paid. 

The  argument  most  frequently  made  against  this  basis  is  that 
the  contractor  has  no  incentive  to  keep  costs  down  because  his 
own  bank  account  does  not  suffer  by  any  extravagance.  As  a 
matter  of  fact,  the  cost  of  any  sizeable  development  depends 
more  on  the  design,  that  is,  the  plans  and  character  of  the  ma- 
terial specified,  than  it  does  on  the  method  of  execution  or  varia- 
tions in  cost  of  the  particular  materials,  so  that  the  work  of 
the  engineer  or  architect  usually  has  more  to  do  with  the  cost 
of  the  job  than  the  work  of  the  contractor,  but  for  some  obscure 
reason  it  is  not  felt  necessary  to  compel  them  to  work  on  a 
lump  sum  basis  or  to  give  them  any  cash  incentive  to  make  a 
design  that  will  result  in  the  lowest  feasible  cost. 

Architects  or  engineers  are  considered  as  professional  men 
who  can  be  trusted  to  give  conscientious  and  disinterested  ser- 
vice to  their  clients,  and  I  believe  that  public  sentiment  is  grad- 
ually swinging  around  to  such  a  point  that  contracting  concerns 
can  he  considered  in  the  same  way.  It  is  perfectly  obvious  that 
an  owner  is  to  a  large  extent  in  the  hands  of  his  architect  and 
builder  as  to  the  total  cost  of  his  development,  and  that  he 
must  be  as  careful  in  the  choice  of  a  contractor  as  he  is  in  the 
choice  of  an  architect.  In  other  words,  an  owner  should  not 
retain  a  contractor  on  a  fee  basis  unless  he  has  good  reason  to 
feel  confidence  in  his  Integrity  and  ability  any  more  than  he 
can  entrust  his  designing  work  or  his  legal  or  any  other  profes- 
sional work  to  any  one  whom  he  does  not  have  confidence  in. 

ttThe  first  paragraph  of  this  clause  is  the  same  in  all  contracts. 
The  second  paragraph,  however,  under  the  percentage  basis 
form,  is  as  follows; 

"In  case  you  take  such  action,  we  shall  be  entitled  to  receive 
in  payment  for  our  services,  the  specified  percentage  on  the 
total  sum  of  actual  expenditures,  accounts  due  and  payable,  out- 
standing obligations,  and  uncompleted  contracts  and  orders  as  of 
the    date   of   such    termination." 
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Comparative  Designs  of  Plate 
Girder  Viaducts 

The  approaches  to  the  Hell  Gate  Bridge  at  New 
York  City  include  about  10,800  lin.  ft.  of  plate  girder 
viaducts  with  concrete  piers.  The  considerations 
governing  the  selection  of  the  design  for  these  struc- 
tures were  outlined  by  Mr.  O.  H.  Ammann  in  a 
paper*  presented  Nov.  21  before  the  American  So- 
ciety of  Civil  Engineers,  from  which  the  note  follow- 
ing has  been  abstracted: 

Typical  portions  of  two  preliminary  designs  for  the 
plate  girder  viaducts  and  the  design  adopted  are 
shown  in  Fig.  1.  The  top  drawing  (a)  represents  the 
typical  American  trestle  viaduct  with  alternate  tower 
spans,  40  ft.  long  and  intermediate  spans  of  80  ft. 
This  type,  the  advantages  of  which  were  cheapness 
and  rapidity  of  erection,  is  now  gradually  being  dis- 
placed by  types  of  greater  rigidity  and  durability,  and 
better  appearance.  It  would  have  been  inappropriate 
and  inadequate  for  the  approaches  to  the  Hell  Gate 
Bridge.  The  drawing  (b)  (Fig.  1)  represents  the  de- 
sign made  by  Gustav  Lindenthal  in  1906.  It  consists  of 
plate  girders,  of  nearly  uniform  span  length  of  from  70 


Fig.    1 — Designs    for    Plate    Girder    Viaduct    Approaches    to    Hell 
Gate    Bridge. 

to  80  ft.,  resting  on  steel  rocker  bents.  To  resist  the 
longitudinal  forces  from  braking  and  traction  solid 
masonry  piers  (stability  piers)  were  to  be  provided 
about  every  tenth  span.  This  design  is  superior  in 
general  appearance  to  the  trestle  design.  The  stabil- 
ity piers  convey  the  impression  of  rigidity,  and  give 
opportunity  for  architectural  treatment.  The  arch 
form  selected  for  the  steel  rocker  bents,  although 
somewhat  more  expensive,  is  more  pleasing  than  tho 
ordinary  two-column  bent  with  single  intersection 
diagonals.  This  type  of  viaduct  is  also  stiffer,  in  the 
longitudinal  direction  at  least,  than  the  trestle  type. 
The  design  (e)  (Fig.  1)  represents  the  type  finally 
adopted,  with  concrete  piers.  It  is  superior  to  the  othei- 
two  types  in  appearance,  rigidity,  and  durability,  and 
is  less  costly  to  maintain. 

A  comparison  of  estim.ated  costs,  with  the  prices 
prevailing  at  the  time  the  design  was  made,  showed 
that,  for  an  average  height  of  viaduct  of  100  ft.  on 
tangent,   the   steel   trestle   design   would    have    been 


about  20  per  cent  cheaper,  and  the  design  with  steel 
rocker  bents  about  10  per  cent  cheaper,  than  the 
adopted  design.  On  a  3°  curve  the  saving  in  first  cost 
would  have  been  only  15  per  cent  and  5  per  cent,  re- 
spectively, as  the  centrifugal  force  of  the  trains  re- 
quires additional  material  in  the  steel  bents  and 
towers,  but  not  in  the  masonry  piers.  For  heights  of 
viaducts  of  less  than  100  ft.,  the  differences  in  cost 
are  correspondingly  less.  With  the  high  prices  of 
steel  prevailing  at  present,  there  would  be  little,  if 
;iny,  saving  in  favor  of  the  steel  trestle  type. 

The  arched  concrete  piers  mark  a  radical  departure 
from  the  ordinary  solid  square  concrete  piers  with 
plain  surface  and  simple  square  coping.  The  rec- 
tangular body  of  the  pier  proper  is  only  6  ft.  thick, 
from  the  coping  down,  but  is  reinforced  by  four  but- 
tresses which  have  a  batter  of  1:15.  These  piers  con- 
vey the  impression  of  elegance  and  yet  of  great  rigid- 
ity. The  appearance  is  enhanced  by  the  massive  and 
architecturally  elaborate  coping  of  cornices  and 
mouldings. 

The  concrete  is  made  of  1  part  portland  cement,  2 
parts  sand  and  4  parts  gravel  or  broken  stone,  and  is 
reinforced  with  steel  rods,  vertically  and  horizontally, 
against  shrinkage  and  temperature  cracks. 


Rope  Saving  Guy  Anchorage 

In  the  use  of  derrick  or  tower  guys  it  is  common 
experience  that  the  least  deterioration  occurs  while 
the  guy  is  in  active  service.  The  usual  cause  for  dis- 
carding guys  is  kinks  made  by  fastening  the  rope 
around  anchor  devices  that  are  too  small.  Perhaps 
the  worst  wear  that  falls  upon  the  guy  in  actual  use 
is  caused  by  the  rotting  of  the  core  when  the  guy  is 
fastened  around  a  deadman  and  covered  with  dirt. 
A  recent  issue  of  the  "Crosby  Clipper,"  a  publication 
of  the  American  Hoist  &  Derrick  Co.,  contains  a  de- 
scription of  a  rope  saving  guy  anchorage  that  has  been 
used  successfully,  on  a  number  of  derrick  installa- 
tions. In  this  the  sheave  and  clevis  are  fastened  to 
a  piece  of  well-greased  scrap  cable  fastened  to  the 
deadman,    eyebolt    or   stump.     When    the   derrick   is 


A   Type   of  Anchorage  That   Saves   Guy   Ropes. 

moved  the  kinks  or  rotted  core,  or  both,  will  be  in  the 
piece  of  scrap,  not  in  the  guy. 

This  method  of  fastening  makes  it  very  easy  to 
tighten  a  guy,  for  the  sheave  aids  instead  of  retard- 
ing the  process,  as  is  the  case  with  most  fastenings. 
It  promotes  safety  by  keeping  guys  in  good  condition, 
and  removes  the  temptation  to  use  guys  after  they 
have  become  kinked. 


*The  Hell  Gate  Arch  Bridgre  and  .Approaches  of  the  New  York 
Connecting  R.  R.  Over  the  East  River  in  New  York  City.  Pro- 
ceedings Am.  Soc.  C.  E..  Vol.  XLIII.  pp.  1651-1841. 
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Plans  have  been  completed  for  rebuilding  the  prin- 
cipal business  district  of  Bergen.  Some  369  buildings 
in  this  district  were  destroyed  by  a  fire  on  Jan.  15, 
1916,  causing  a  loss  of  $10,000,000  to  $20,000,000. 


November  28,   1917. 
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The   War's    Effect    on  Merchant 
Shipbuilding* 

The  exponent  in  an  official  way  of  the  theory  of 
building  the  maximum  number  of  ships  is  the  United 
States  Shipping  Board,  with  the  Emergency  Fleet 
Corporation  as  the  largest  individual  owner  and 
builder  of  merchant  ships  anywhere,  either  at  this 
time  or  at  any  other  time  in  the  history  of  the  world. 
All  of  the  shipbuilders  have  had  their  new  ships  com- 
mandeered by  the  Shipping  Board,  and  these  ships 
are  now  being  pushed  to  completion  under  the  direc- 
tion of  the  Shipping  Board.  In  addition  to  the  ships 
under  construction  at  the  time  the  Shipping  Board 
took  over  all  these  vessels  on  Aug.  3  last,  the  Ship- 
ping Board  has  placed  contracts  for  200  to  300  addi- 
tional steel  ships  and  for  about  200  wooden  and  com- 
posite ships.  The  English  have  built  ships  at  a  very 
rapid  rate  during  the  past  six  months,  but  prior  to 
that  time  their  capacity  has  fallen  off  woefully.  The 
figures  of  British  shipbuilders  are  that  in  normal 
years  their  capacity  in  tons  was  about  2,000,000.  In 
1915  they  built  only  700,000  tons.  In  1916  only  550,- 
000  tons.  In  the  first  six  months  of  1917  they  built 
500,000  and  by  the  end  of  1917  they  will  have  built 
during  this  year  almost  2,000,000  tons,  or  practically 
their  normal  tonnage. 

In  comparison,  it  is  interesting  to  look  at  our  rec- 
ord, which  is  mostly  in  the  future.  The  largest  ton- 
nage ever  built  by  us  in  any  year  prior  to  the  pres- 
ent year  was  in  1908,  when  we  built  615,000  tons.  In 
1917,  or  at  the  end  of  the  fiscal  year  of  1916-17,  on 
July  1,  the  total  tonnage  turned  out  in  merchant  ships 
in  this  country  was  close  to  800,000  tons.  Of  course 
we  expect  that  that  will  be  bettered  very  much,  and 
the  production,  except  for  labor  difficulties,  would 
have  been  very  much  greater  than  that;  but  it  is  a  far 
cry  from  800,000  to  1,000,000  tons  of  ships  a  year  to 
a  prospective  2,500,000  to  5,000,000  tons  of  ships  a 
year,  and  especially  when  we  consider  that  the  best 
the  first  shipbuilding  country  of  the  world  ever  did 
in  any  one  year  was  only  3,000,000  tons. 

There  is  an  idea  extant  that  if  a  ship  is  called 
"fabricated"  or  "standardized"  it  becomes  rather  easy 
to  build.  It  does  become  easier  to  build,  but  it  is  not 
any  easier  to  drive  a  rivet  in  a  fabricated  ship  than  in 
a  common  ship,  and  the  7,500-ton  fabricated  ship  will 
have  about  650,000  rivets  and  some  riveters  must  do 
a  considerable  amount  of  work  to  drive  those  rivets 
in  that  ship  the  same  as  in  any  other  ship.  The  most  on- 
erous work  in  building  a  ship  is  in  the  driving  of  the 
rivets;  and,  if  any  concern  is  going  to  build  one  ship 
a  week,  it  must  drive  650,000  rivets  a  week.  When 
we  consider  that  the  best  rivet  drive  is  by  the  Union 
Iron  Works,  where  they  drive  250,000  rivets  a  week, 
and  the  next  best  by  the  three  largest  shipyards  on 
this  coast  is  about  200,000  rivets  each  per  week,  the 
problem  of  driving  650,000  rivets  a  week  assumes  a 
rather  difficult  aspect  to  the  casual  observer.  Still, 
we  all  hope  it  will  be  done,  but  if  it  is  done  it  means 
the  importation  of  an  enormous  number  of  new  work- 
ers into  the  industry. 

The  fabricated  ship  has  the  center  of  the  stage  at 
the  present  time.  In  England  a  standardized  ship 
was  adopted  which  is  very  much  like  a  fabricated 
ship,  and  they  are  being  turned  out  at  a  rapid  rate. 
The  first  ships  have  already  been  completed  and  are 
on  the  sea  now,  if  indeed  they  have  not  already  ar- 

•From  an  address  by  Homer  L.  Ferjruson.  President  Newport 
News  Shipbuilding  &  Dry  Dock  Co..  delivered  Oct.  16  at  a  ioint 
meeting  of  the  Kngineers'  Club  of  Philadelphia  and  the  Pliila- 
delphia  Section.  American  Society  of  Mechanical  Engineers 


rived  in  this  country.     The  fabricated  ship,  like  the 
English  standard  ship,  has  the  disadvantage  of  low 
speed,  and  at  the  same  time  it  has  the  advantage  of  a 
large  carrying  capacity.     The  -records  of  submarine 
sinkings,  such  as  have  been  gathered,  indicate  that 
speed  is  probably  the  safest  defense  against  the  sub- 
marine.    The  number  of  very  slow  ships  sunk  is  very 
great  in  proportion  to  the  number  attacked.    Probably 
90  per  cent  of  the  slow  ships  are  sunk  when  attacked 
by  a  submarine.     As  the  speed  becomes  greater  the 
immunity  of  the  ship  from  torpedo   attack  becomes 
greater — not  only  because  she  presents  a  more  diffi- 
cult target,  but  also  because  the  vessel  may  run  away 
from    the    submarine     in     darkness    or    in    daylight 
if    she    has    a    greater    speed    than  the     submarine 
has  on  the  surface,  and  also  because  the  vessel  may  be 
maneuvered   much   more   quickly.      One   of  the  most 
gratifying   things   about    submarine   warfare   is   that 
the  torpedoes  are  not  making  the  speed  as  in  the  early 
days  of  the  war.     The  speed  of  the  torpedo  has  un- 
doubtedly become  much  decreased.     Just  why  we  do 
not  know,  although  it  is  probably  due  to  the  absence 
of  tungsten  and  manganese  and  some  other  ingredi- 
ents now  so  difficult  to  obtain  in  Germany.     Vessels 
of  16  or  17  knots  have  actually  dodged  the  torpedoes. 
The  vessel  of  16  or  17  knots  is  also  needed  to  carry 
soldiers.     We  are  shipping  all  our  soldiers  to  Europe 
in  vessels  14  knots  or  over  because  it  is  thought  to 
be  too  hazardous  to  ship  them  in  the  slower  vessels. 
We  have  at  the  present  time  in  this  country  enough 
vessels  in  commission  to  ship  soldiers  to  Europe  at 
the  rate  of  not  more  than  1,000,000  a  year.     That  in- 
cludes all  vessels  of  14  knots  or  over.     But  by  build- 
ing a   large  ship  as  well  as  a  speedy  ship  an   addi- 
tional   factor   of   safety    is    obtained,  which    may    be 
illustrated   by  stating  that  a  torpedo  will  blow  just 
as  big  a  hole  in  a  little  ship  as  a  big  ship.     When  a 
small,  short  ship  has  a  large  hole  in  it  a  relatively 
Inrger  proportion   of  its   length   is   open   to  the   sea. 
When  a  similar  hole  is  blown  into  a  long  ship  a  very 
much    smaller  proportion   of  that  vessel   is   open   to 
the  sea.    So  that  it  is  perfectly  possible  to  design,  and 
practical,  indeed,  to  design,  a  ship  of  500  or  600  ft. 
long,  so  subdivided  that  it  will  take  two  and  probably 
three  torpedoes  of  the  German  variety  and  still  stay 
afloat.    The  design,  however,  must  be  of  such  charac- 
ter that  when  the  compartments  are  flooded  the  ships 
will  still  remain  upright.    The  requirements  of  passen-    _ 
gers  who  go  to  sea  are  such  that  the  ordinary  passen- 
ger  ship  shall  have  a  very  small  metacentric  height. 
But  with  a  small   metacentric   height  the   rolling  of 
the  vessel  is  very  easy,  so  that  the  passengers  are  not 
made  ill  with  the  motion  of  the  ship  as  easily  as  they 
would  be  if  there  were  a  large  metacentric  height  and 
the  ship  rolled  quickly  and  with  a  jerk.    The  ordinary 
passenger  ship  is  modeled  with  a  small  metacentric 
height,  and  three-fourths  of  them,  when  bilged  or  tor- 
pedoed, will  probably  turn  over  before  sinking. 

The  larger  type  of  ship  which  will  probably  be  built 
before  the  war  is  over  by  a  number  of  concerns  in  a 
position  to  undertake  this  work  will  be  designed  with 
a  high  speed  for  troop  transport,  with  a  close  subdi- 
vision to  make  the  ship  safe,  and  with  a  large  amount 
of  stability  so  that  the  vessel  will  also  be  safe  against 
turning  over. 

The  war  so  far  has  developed,  or  called  attention 
to,  three  distinct  types  of  vessels:  The  standardized 
or  fabricated  ship  like  both  the  English  and  the 
United  States  have  adopted,  the  large  troop  transport 
which  has  been  described,  and,  in  addition,  the  sub- 
marine chaser. 
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In  addition  to  these  three  types  of  ships  brought  out 
by  the  war,  there  has  been  a  very  definite  attempt 
to  rejuvenate  what  some  of  us  have  considered  a  dead 
industry.  We  have  a  few  of  the  older  wooden  ship 
builders  left,  but  the  building  of  a  wooden  vessel  to 
my  mind  is  so  much  more  difficult  than  the  building 
of  a  steel  vessel  and  requires  so  much  higher  skill 
than  does  the  building  of  a  steel  vessel  that  I  won- 
der how  they  can  ever  expect  to  build  them. 

I  do  not  believe  that  a  288-ft.  wooden  ship  built  in 
a  lumber  yard,  either  south,  west  or  north,  and  neces- 
sarily by  men  who  are  not  e.xpert  ship  carpenters,  will 
ever  relieve  any  great  distress  on  the  other  side  of 
the  water,  caused  by  lack  of  fuel  or  food.  On  the 
other  hand,  these  vessels  may  be  used  in  our  own  trade 
at  home.  My  chief  regret  is  that  they  are  not  made 
shorter,  because  when  such  ships  are  over  200  ft. 
long  it  is  rather  difficult  to  hold  the  ends  up.  If  we 
get  more  vessels  through  building  wooden  ships,  let 
us  build  them,  but  it  is  unfortunate  that  the  type  was 
settled  before  many  professional  wooden  ship  build- 
ers were  on  the  job.  The  wooden  ship  builders  of 
course  have  taken  a  good  many  men  from  the  steel 
shipyards  and  have  lessened  production  to  just  that 
extent;  but,  on  the  other  hand,  they  will  add  a  very 
considerable  tonnage,  now  that  practically  all  our 
large  coastwise  ships  are  either  going  abroad  or  are 
in  the  way  of  being  commandeered  for  foreign  serv- 
ice, so  that  the  wooden  ship  will  serve  a  useful  pur- 
pose. 

The  standard  ship  probably  offers  the  best  opport- 
tunity  for  a  large  increase  in  our  tonnage.  The 
standard,  ship  has  been  built  on  the  Great  Lakes  for 
years.  On  the  coast,  with  the  coal  trade,  there  has 
been  some  effort  toward  standardization.  With  the 
standardized  ship  the  main  benefit  is  not  in  the  hull 
of  the  vessel,  or  in  the  fabrication  of  the  vessel  in 
the  steel  mill.  The  main  benefit  is  that  the  machinery 
and  the  outfit,  the  winches,  the  pumps,  the  steering 
gear,  the  engines  and  boilers  and  all  the  thousand 
and  one  things  that  go  into  the  ship  are  standardized 
and  may  be  produced  in  large  quantities  at  some  point 
other  than  the  yard  of  the  builder.  The  standardiza- 
tion of  the  fittings  of  a  vessel  are  more  important  to 
my  mind  than  the  standardization  of  the  hull.  The 
amount  of  money  saved  in  the  latter  will  be  the  money 
to  build  the  templets,  patterns,  etc.,  amounting  to  not 
more  than  12y2  to  15  per  cent  of  the  labor  cost  of  the 
hull.  We  are  told,  too,  that  all  the  riveting  will  be 
done  at  the  steel  mills.  It  probably  will  not  and  if  20 
per  cent  is  done  it  will  be  more  than  I  think  will  be 
done  unless  the  railroads  will  carry  pieces  of  steel 
as  large  as  this  auditorium. 

Shipyards  have  naturally  tried  to  standardize  within 
their  own  practice  the  fittings  that  go  on  the  various 
ships  they  build,  and  a  great  step  is  being  made  in 
that  direction  by  one  of  the  largest  corporations  in 
the  country.  The  Bethlehem  Company  owns  so  many 
shipyards  that  it  is  in  a  position  to  standardize 
as  between  its  various  yards,  with  the  result  that 
there  will  be  considerable  saving  in  cost  and  in  time 
in  the  production  of  all  the  things  that  go  into  a  ship. 
But  in  building  the  standardized  ship,  or  in  building 
any  other  ship,  the  real  problem  is  not  the  problem  of 
equipment;  it  is  not  the  problem  of  money  even;  it  is 
not,  except  in  part,  the  problem  of  location,  but  it  is 
the  problem  of  men.  A  very  simple  lesson  in  arith- 
metic will  indicate  that  if  100,000  rivets  are  to  be 
driven  in  one  day  and  any  one  gang  of  riveters  will 
drive  300,  then  it  will  take  so  many  men  and  boys 
and  helpers  to  get  that  drive. 


On  the  Delaware  and  on  the  Chesapeake,  which  we, 
on  the  Chesapeake,  are  pleased  to  consider  the  two 
largest  shipbuilding  communities  in  the  United  States, 
there  are  at  present  about  32,000  men  employed  in  the 
shipyards.  There  could  be  employed  to  advantage  in 
these  same  yards  at  this  time  a  total  of  48,000  men, 
and  within  the  next  six  months,  or  the  next  nine 
months  at  the  latest,  these  same  yards,  barring  the 
fabricated  shipyards,  could  employ  to  advantage  a 
total  of  60,000  men.  So  the  problem  becomes  arith- 
metical again.  You  have  32,000  men  working.  To  get 
the  maximum  production  out  of  the  shipyards  already 
in  existence  you  will  need  to  use  60,000  men.  Where 
are  the  28,000  extra  trained  shipbuilders  to  come 
from?  Add  to  that  the  fabricated  shipyards,  which 
on  the  Delaware  will  probably  require  20,000  men, 
and  in  the  vicinity  of  New  York  an  extra  10,000,  and 
we  have  in  this  immediate  district  need  for  approxi- 
mately 60,000  new  mechanics  in  the  shipbuilding  busi- 
ness. According  to  Admiral  Capps,  there  will  be 
needed  in  the  whole  United  States  in  shipbuilding 
within  the  next  six  months  an  additional  150,000  men. 


The  "Cost  Plus"  Form  of  Contract 

Used  on  Cantonment  Work, 

Including  a  Schedule  of 

Equipment  Rental 

Rates 

Engineers  who  are  contemplating  the  use  of  some 
form  of  "cost  plus  a  fee  contract"  will  undoubtedly 
find  much  of  interest  in  the  form  of  government  con- 
tract for  contract  for  cantonment,  which  is  published 
below  in  full.  Special  attention  is  called  to  the  sched- 
ule of  rental  rates.  A  revision  of  these  rental  rates 
is  now  under  consideration,  and  in  a  later  issue  we 
shall  publish  the  revised  rates. 

ARTICLE  I. 

Extent  of  the  Work. — The  Contractor  shall,  in  the  shortest 
possible  time,  furnish  the  labor,  material,  tools,  machinery,  equip- 
ment, facilities,  and  supplies,  and  do  all  things  necessary  for  the 
construction  and  completion  of  the  following;  work: 
in  accordance  with  the  drawings  and  specifications  to  be  furnished 
by  the  Contracting  Officer,  and  subject  in  every  detail  to  his 
supervision,   direction  and  instruction. 

The  Contracting  Officer  may,  from  time  to  time,  by  written 
instructions  or  drawings  issued  to  the  Contractor,  malce  changes 
in  said  drawings  and  specifications,  issue  additional  instructions, 
require  additional  work,  or  direct  the  omission  of  work  previously 
ordered,  and  the  provisions  of  this  contract  shall  apply  to  all 
such  changes,  modifications  and  additions  with  the  same  effect  a-j 
il  they  were  embodied  in  the  original  drawings  and  specifications. 
Tlie  Contract  shall  comply  with  all  such  written  instructions  or 
drawings. 

The  title  to  all  work  completed  or  in  course  of  construction 
sliall  be  in  the  United  States;  and  upon  delivery  at  the  site  of 
the  work,  and  upon  inspection  and  acceptance  in  writing  by  the 
Contracting  Officer,  all  machinery,  equipment,  hand  tools,  sup- 
plies, and  materials, -for  which  the  Contractor  shall  be  entitled  to 
le  reimbursed  under  paragraph  (a)  of  Article  II  hereof,  shall 
become  the  property  of  the  United  States.  These  provisions  as 
to  title  shall  not  operate  to  relieve  the  Contractor  from  any 
uuties  imposed  hereby  or  by  the  Contracting  Officer. 
ARTICLE   II. 

Cost  of  the  Work. — The  Contractor  shall  be  reimbursed  in  the 
manner  hereinafter  described  for  such  of  its  actual  net  expendi- 
tures in  the  performance  of  said  work  as  may  be  approved  or 
ratified  by  the  Contracting  Officer  and  as  are  included  in  the 
following  items: 

(a)  All  labor,  material,  machinery,  iiand  tools  not  owned  by 
the  workmen,  supplies  and  equipment,  necessary  for  either  tem- 
porary or  permanent  use  for  the  benefit  of  said  work;  but  this 
■Oiall  not  be  construed  to  cover  machinery  or  equipment  men- 
tioned in  section  (c)  of  this  Article.  The  Contractor  shall  make 
no    departure    from    the    standard    rate    of    wages    being    paid    in 
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the    locality    where    said    work    is    being   done,    without    the    prior 
consent  and  approval  of  the  Contracting  Officer. 

Cb)  All  sub-contracts  made  in  accordance  with  the  provisions 
of  this  agreement. 

(c)  Rental  actually  paid  hy  the  Contractor,  at  rates  not  tu 
exceed  those  mentioned  in  the  schedule  of  rental  rates  hereto 
attached,  for  construction  plant  in  sound  and  workable  condition, 
such  as  pumps,  derricks,  concrete  mixers,  boilers,  clam-shell  or 
other  buckets,  electric  motors,  electric  drills,  electric  hammers, 
electric  hoists,  steam  shovels,  locomotive  cranes,  power  saws, 
engineers'  levels  and  transits,  and  such  other  equipment  as  may 
be  necessary  for  the  proper  and  economical  prosecution  of  the 
work. 

Rental  to  the  Contractor  for  such  construction  plant  or  parts 
thereof  as  it  may  own  and  furnish,  at  the  rates  mentioned  in 
the  schedule  of  rental  rates  hereto  attached,  except  as  hereinafter 
set  forth,  ^\'^len  such  construction  plant  or  any  part  thereof  shall 
arrive  at  the  site  of  the  work,  the  Contractor  shall  file  with  the 
Contracting  Officer  a  schedule  setting  forth  the  fair  valuation  at 
that  time  of  each  part  of  such  construction  plant.  Such  valuation 
shall  be  deemed  final,  unless  the  Contracting  Officer  shall,  within 
five  days  after  the  machinery  has  been  set  up  and  is  working, 
modify  or  change  such  valuation,  in  which  event  the  valuation  so 
made  by  the  Contracting  Officer  shall  be  deemed  final.  When  and 
if  the  total  rental  paid  to  the  Contractor  for  any  such  part  shad 
equal  the  valtiation  thereof,  no  further  rental  therefor  shall  be 
paid  to  the  Contractor  and  title  thereto  shall  vest  in  the  United 
States.  At  the  completion  of  the  work,  the  Constructing  Officer 
may  at  his  option  purchase  for  the  United  States  any  part  of 
such  construction  plant  then  owned  by  the  Contractor  by  paying 
to  the  Contractor  the  difference  between  the  valuation  of  such 
part  or  parts  and  the  total  rentals  theretofore  paid  therefor. 

Rates  of  rental  as  substitutes  for  such  scheduled  rental  rates 
may  be  agreed  upon  in  writing  between  the  Contractor  and  the 
Contracting  Officer,  such  rates  to  be  in  conformity  with  rates  of 
rental  charged  in  the  particular  territory  in  w'hich  the  work 
covered  by  this  contract  is  to  be  performed.  If  the  Contractins;' 
Officer  shall  furnish  or  supply  any  such  equipment,  the  Contractor 
shall  not  be  allowed  any  rental  therefor  and  shall  receive  no  tea 
for  the  use  of  such   equipment. 

(d)  Loading  and  unloading  such  construction  plant,  the  trans- 
portation thereof  to  and  from  the  place  or  places  where  it  is  to 
be  used  in  connection  witli  said  work  subject  to  the  provision 
hereinafter  set  forth,  the  installation  and  dismantling  thereof, 
and  ordinary  repairs  and  replacements  during  its  use  in  the 
i-aid  work. 

(e)  Transportatipn  and  expenses  to  and  from  the  work  of  the 
recessary  field  forces  for  the  economical  and  successful  prosecu- 
tion of  the  work,  procuring  labor  and  expediting  the  production 
iind   tran.sportation    of   material    and    equipment. 

(f)  Salaries  ot  resident  engineers,  superintendents,  timekeep- 
ers, foremen,  and  other  employes  at  the  field  offices  of  the  Con- 
tractor in  connection  with  said  work.  In  case  the  full  time  of  any 
field  employe  of  the  Contractor  is  not  applied  to  said  work  but  is 
divided  between  said  work  and  other  work,  his  salary  shall  be 
included  in  this  item  only  in  proportion  to  the  actual  time  applied 
to   this  work. 

(g)  Buildings  and  equipment  for  necessary  field  offices,  com- 
missary and  hospital  and  the  cost  of  maintaining  and  operating 
said  offices,  commissary  and  hospital,  including  such  minor  ex- 
penses as  telegrams,  telephone  service,  expressage,  postage,  etc. 

(h)  Such  bonds,  fire,  liability  and  other  insurance  as  the 
Contracting  Officer  may  approve  or  require;  and  such  losses  and 
expenses,  not  compensated  by  insurance  or  otherwise,  as  are 
found  and  certified  by  the  Contracting  Officer  to  have  been 
actually  sustained  (including  settlements  made  with  the  written 
consent  and  approval  of  the  Contracting  Officer)  by  the  Con- 
tractor in  connection  with  said  work,  and  to  have  clearly  resulted 
from  causes  other  than  the  fault  or  neglect  of  the  Contractor. 
Such  losses  and  expenses  shall  not  be  included  in  the  cost  of  the 
work  for  the  purpose  of  determining  the  Contractor's  fee.  The 
cost  of  reconstructing  and  replacing  any  of  the  work  destroyed 
or  damaged  shall  be  included  in  the  cost  of  the  work  for  the 
purpose  of  reimbursement  to  the  Contractor,  but  not  for  the 
purpose  of  determining  the  Contractor's  fee,  except  as  herein- 
after  provided. 

(i)  Permit  fees,  deposits,  royalties,  and  other  similar  item.? 
of  expense  incidental  to  the  execution  of  this  contract,  and  neces- 
sarily incurred.  Expenditures  under  this  item  must  be  approved 
in  advance  by   the   Contracting  Officer. 

(j)  Such  proportion  of  the  transportation  traveling  and  hotel 
expenses  of  officers,  engineers  and  other  employes  of  the  Con- 
tractor as  is  actually  incurred  in  connection  with  this  work. 

<k)  Such  other  items  as  should  in  the  opinion  of  the  Con- 
tracting Officer  be  included  in  the  cost  of  the  work.  When  such 
an  item  is  allowed  by  the  Contract  Officer,  it  shall  be  specifically 
certified  as  being  allowed  under  this  paragraph. 

The  United   States  reserves  the  right  to  pay  directly  to  com- 


mon carriers  any  or  all  freight  charges  on  material  of  all  kinds, 
and  machinery,  furnished  under  this  contract,  and  certified  by  tho 
Contracting  Officer  as  being  for  installation  or  for  consumption  in 
the  course  of  the  work  hereunder;  the  Contract  shall  be  reim- 
bursed for  such  freight  charge  ot  thi^  character  as  it  shall  pay 
and  as  shall  be  specifically  certified  by  the  Contracting  officer; 
but  the  Contractor  shall  have  no  fee  based  on  such  expenditures. 
Freight  charges  paid  by  the  Contractor  for  transportation  of 
construction  equipment,  construction  plant,  tools  and  supplies  of 
every  character,  shall  be  treated  as  part  of  the  cost  of  the  work 
vpon  which  the  Contractor's  fee  shall  be  based;  provided  that 
charges  for  transportation  of  such  construction  equipment,  con- 
struction plant  and  tools  over  distances  in  excess  of  five  hundred 
miles  shall  require  the  special  approval  of  the  Contracting  Officer. 
No  salaries  of  the  Contractor's  Executive  Officers,  no  part  oC 
the  expense  incurred  in  conducting  the  Contractor's  main  office, 
or  regularly  established  branch  office,  and  no  overhead  expenses 
of  any  kind,  except  as  specifically  listed  above,  shall  be  included 
in  tlie  cost  of  the  work;  nor  shall  any  interest  on  capital  employed 
or  on  borrowed  money  be  included  in  the  cost  of  the  work. 

The  Contractor  shall  take  advantage  to  the  extent  of  its 
ability  of  all  discounts  available,  and  when  unable  to  take  suc'i 
advantage  shall  promptly  notify  the  Contracting  Officer  of  its 
inability  and  its  reasons  therefor. 

All  revenue  from  the  operations  of  the  commissary,  hospital 
ci  other  facilities  or  from  rebates,  refunds,  etc..  shall  be  account- 
ed for  by  the  Contractor  and  applied  in  reduction  of  the  cost  of 
the  work. 

ARTICLE  III. 
Determination  of  Fee. — As  full  compensation  for  the  services 
of  the  Contract,  including  profit  and  all  general  overhead  expense, 
except  as  herein  specifically  provided,  the  Contracting  Officer 
shall  pay  to  the  Contractor  in  the  manner  hereinafter  prescribed 
a  fee  to  be  determined  at  the  time  of  completion  of  the  work 
from  the  following  schedule,  except  as  hereinafter  otherwise 
provided: 

If  the  cost  of  the  work  is  under  $100,000.00  a  fee  of  ten  per 
cent  (10%)  of  such  cost. 

If  the  cost  of  the  work  is  over  $100,000.00  and  under  $125,000.0') 
a   fee  of  $10,000,00. 

If  the  cost  of  the  work  is  over  $125,000.00  and  under  $250,000.00 
a  fee  of  eight  per  cent  (S%)  of  such  cost. 

If  the  cost  of  the  work  is  over  $250,000.00  and  under  $266,666.67 
a  fee  of  $20,000.00. 

If  the  cost  of  the  work  is  over  $266,666.67  and  under  $500,000.00 
a  fee  of  seven  and  one-half  per  cent  (7^^%)  of  such  cost. 

If  the  cost  of  the  work  is  over  $500,000.00  and  under  $535,714.20 
a  fee  of  $37,500.00. 

If  the  cost  of  the  work  is  over  $535,714.29  and  under  $3,000,- 
000.00  a  fee  of  seven  per  cent  (7%)  of  such  cost. 

If  the  cost  of  the  work  is  over  $3,000,000.00  and  under  $3,500,- 
000.00  a  fee  of  $210,000.00. 

If  the  cost  of  the  work  is  over  $3,500,000.00  a  fee  ot  six  per 
cent   (6%)   of  such  cost. 

Provided,  however,  that  the  fee  upon  such  part  of  the  cost  of 
the  work  as  is  represented  by  payments  to  sub-contractors, 
under  subdivision  (b)  above,  shall  in  each  of  the  above  con- 
tingencies be  five  per  cent  (5%)  and  no  more  of  the  amount  of 
such   part  of  the   cost. 

The  cost  of  materials  purchased  or  furnished  by  the  Con- 
tracting Officer  for  said  work,  exclusive  of  all  freight  charges 
thereon,  shall  be  included  in  the  cost  of  the  work  for  the  purpose 
of  reckoning  such  fee  to  the  Contractor,  but  for  no  other 
purpose. 

The  fee  for  reconstructing  and  replacing  any  of  the  work 
destroyed  or  damageti  shall  be  such  percentage  of  the  cost 
(hereof — not  exceeding  seven  per  cent  (7%) — as  the  Contracting 
Officer  may  determine. 

The  total  fee  to  the  Contractor  hereunder  shall  in  no  event 
exceed  the  sum  of  $250,000.00,  anything  in  this  agreement  to  the 
contrary,  notwithstanding. 

ARTICLE  IV. 
Payments. — On  or  about  the  seventh  day  of  each  month  the 
Contracting  Officer  and  the  Contractor  shall  prepare  a  statement 
showing  as  completely  as  possible;  (1)  the  cost  of  the  work  up 
to  and  including  the  last  day  of  the  previous  month,  (2)  the 
cost  of  the  materials  furnished  by  the  Contracting  Officer  up  to 
and  including  such  last  day,  and  (3)  an  amount  equal  to  thre.? 
and  one-half  per  cent  (3^^%),  except  as  herein  otherwise  provid- 
ed, of  the  sum  of  (1)  and  (2)  on  account  of  the  Contractor'-? 
fee:  and  the  Contractor  at  such  time  shall  deliver  to  the  Con- 
tracting Officer  original  signed  pay-rolls  for  labor,  original  in- 
voices for  materials  purchased  and  all  other  original  paper.> 
not  theretofore  delivered  supporting  expenditures  claimed  by  the 
Contractor  to  be  included  in  the  cost  of  the  work.  If  there  be 
any  item  or  items  entering  into  such  statement  upon  which  the 
Contractor  and  the  Contracting  Officer  cannot  agreet,  the  decision 
of  the  Contracting  Officer  as  to  such  disputed  item  or  items  shall 
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govern.  The  Contracting  Otflcer  shall  then  pay  to  the  Contractor 
on  or  about  the  ninth  day  of  each  month  the  cost  of  the  worit 
mentioned  in  (1)  and  the  fee  mentioned  in  (3)  of  such  state- 
men,  less  all  previous  payments.  When  the  statement  above 
irTentioned  includes  any  work  of  reconstructing  and  replacing 
work  destroyed  or  damaged,  the  payment  on  account  of  the  fee 
in  (3)  for  such  reconstruction  and  replacement  work  shall  be 
computed  at  such  rate,  not  exceeding  three  and  one-half  per  cent 
l3i,4%),  as  the  Contracting  Officer  may  determine.  The  statement 
so  made  and  all  payments  made  thereon  shall  be  final  and 
binding  upon  both  parties  hereto,  e.xcept  as  provided  in  Article 
XIV  hereof.  The  Contracting  Officer  may  also  make  payments 
at  more  frequent  intervals  for  the  purpose  of  enabling  the  Con- 
tractor to  take  advantage  of  discounts  at  intervals  between  the 
dates  above  mentioned  or  for  other  lawful  purposes.  Upon  final 
completion  of  said  work  the  Contracting  Officer  shall  pay  to  the 
Contractor  the  unpaid  balance  of  the  cost  of  the  work  and  of 
the  fee  as  determined  under  Articles  II  and  III  hereof. 
ARTICLE  V. 

Inspection  and  Audit. — The  Contracting  Officer  shall  at  all 
tunes  be  afforded  proper  facilities  for  inspection  of  the  work 
and  shall  at  all  times  have  access  to  the  premises,  to  the  work 
and  material,  and  to  all  books,  records,  correspondence,  instruc- 
Cions,  plans,  drawings,  receipts,  vouchers,'  and  memoranda  of 
every  description  of  the  Contractor  pertaining  to  said  work;  and 
the  Contractor  shall  preserve  for  a  period  of  two  years  after  its 
i-ompletion  of  cessation  of  work  under  this  contract,  all  the 
books,  records  and  other  papers  just  mentioned.  Any  duly 
authorized  representative  of  the  Contractor  shall  be  accorded 
the  privilege  of  examining  the  books,  records,  and  papers  of  the 
Contracting  Officer  relating  to  said  work  for  the  purpose  of 
cliecking  up  and  verifying  the  cost  of  said  work.  The  system  of 
accounting  to  be  employed  by  the  Contractor  shall  be  such  as  is 
satisfactory  to  the  Contracting  Officer. 

If  at  any  time  the  Contracting  Officer  shall  find  that  bills 
for  labor,  material,  or  other  bills  legitimately  incurred  by  the 
Contractor  hereunder,  are  not  ijromptly  paid  by  the  Contractor, 
the  Contracting  Officer  may,  in  his  discretion,  refuse  to  make 
Itirther  payments  to  the  Contractor  until  all  such  obligations 
past  due  shall  have  been  paid.  Should  the  Contractor  neglect 
or  refuse  to  pay  such  bills  within  five  days  after  notice  from  the 
Contracting  Officer  so  to  do,  then  the  Contracting  Officer  shall  ■ 
have  the  right  tc  pay  such  bills  directly,  in  which  event  such 
direct  payments  shall  not  be  included  in  the  cost  of  the  work. 
ARTICLE  VI. 
Special  Requirements. — The  Contractor  hereby  agrees  that  it 
will: 

(a)  Begin  the  work  herein  specified  at  the  earliest  time  prac- 
ticable, and  diligently  proceed  so  that  such  work  may  be  com- 
IJleted   at   the  earliest  possible  date. 

(b)  Promptly  pay  for  all  labor,  material  or  other  service 
rendered. 

(c)  Procure,  and  thereafter  maintain  such  insurance,  in  such 
fitrms  and  in  such  amounts,  and  for  such  periods  of  time  as  the 
Contracting  Officer  may  approve  or  require. 

(d)  Procure  all  necessary  permits  and  licenses,  and  obey  and 
abide  by  all  laws,  regulations,  ordinances,  and  other  rules  apply- 
ing to  such  work,  of  the  United  States  of  America,  of  the  State 
(  r  Territory  wherein  such  work  is  done,  of  any  subdivision 
thereof,  or  of  any  duly  constituted  public  authority. 

(e)  Unless  this  provision  is  waived  by  the  Contracting  Officer, 
insert  in  every  contract  made  by  it  for  the  furnishing  to  it  of 
services,  materials,  supplies,  machinery  and  equipment,  or  the 
use  thereof,  for  the  pui'poses  of  the  work  hereunder,  a  provision 
that  such  contract  is  assignable  to  the  United  States;  will  make 
oil  such  contracts  in  its  own  name,  and  will  not  bind  or  purport 
to  bind  the  United  States  or  the  Contracting  Officer  thereunder. 

(f)  In  every  sub-contract  made  in  accordance  with  the  pro- 
visions hereof,  require  the  sub-contractor  to  agree  to  comply  fully 
with  all  the  undertakings  and  obligations  of  the  Contractor 
herein,  excepting  such  as  do  not  apply  to  such  sub-contractor's 
work. 

(g>  At  all  times  keep  at  the  site  of  the  work  a  duly 
appointed  representative  who  shall  receive  and  execute  on  the 
part  of  the  Contractor  such  notices,  directions  and  instructions 
as  the  Contracting  Officer  may  desire  to  give. 

(h)  At  all  times  use  its  best  efforts  in  all  its  acts  hereunder 
to  protect  and  subserve  the  interest  of  the  Contracting  Officer 
and   the    United   States. 

ARTICLE  Vn. 
Right  to  Terminate  Contract. — Should  the  Contractor  at  any 
time  refuse,  neglect,  or  fail  in  any  respect  to  prosecute  the  work 
with  promptness  and  diligence  or  default  in  the  performance  of 
any  of  the  agreements  herein  contained,  the  Contracting  Officer 
may,  at  his  option,  after  five  days  written  notice  to  the  Con- 
tractor, terminate  this  contract,  and  may  enter  upon  the  premises 
and  take  possession,  for  the  purpose  of  completing  said  work,  of 
i.ll   materials,    tools,    equipment,   and   appliances,    and   all  options. 


T^rivileges  and  rights,  and  may  complete,  or  employ  any  other 
Ijerson  or  persons  to  complete  said  work.  In  case  of  such 
termination  of  the  contract,  the  Contracting  Officer  shall  pay 
to  the  Contractor  such  amounts  of  money  on  account  of  the 
unpaid  balance  of  the  cost  of  the  work  and  of  the  fee  as  will 
lesult  in  fully  I'eimbursing*  the  Contractor  for  the  cost  of  the 
work  up  to  the  time  of  such  termination,  plus  a  fee  computed 
thereon  at  the  rate  or  rates  tor  monthly  payments  set  forth  in 
Article  IV  hereof;  and  the  Contracting  Officer  shall  also  pay  to 
the  Contractor  compensation,  either  by  purchase  or  rental  at  the 
election  of  the  contracting  Officer,  for  any  equipment  retained; 
such  compensation,  in  the  event  of  rental,  to  be  in  accordance 
with  paragraph  (c)  of  Article  II,  and  in  the  event  of  purchase 
to  i-)e  based  upon  the  valuation  determined  by  the  Contracting 
Officer  as  of  the  time  of  his  taking  such  possession.  The  Con- 
it  !;ictor  hereby  agrees  that  such  payments  when  made  shall 
constitute  full  settlement  of  all  claims  of  the  Contract  against 
the  Contracting  Officer  and  the  United  States  or  either  of  them 
for  money  claimed  to  be  due  to  the  Contractor  for  any  reason 
whatsoever.  In  case  such  termination  of  the  contract  the  Con- 
tracting Officer  shall  further  assume  and  become  liable  for  all 
such  obligations,  commitments,  and  unliquidated  claims  as  the 
Contractor  may  have  theretofore  in  good  faith  undertaken  or 
incurred  in  connection  with  said  work,  and  the  Contractor  shall, 
.as  a  condition  of  receiving  the  payments  mentioned  in  this 
Article,  execute  and  deliver  all  such  papers,  and  take  all  such' 
steps  as  the  Contracting  Officer  may  require  for  the  purpose  of 
fully  vesting  in  him  the  rights  and  benefits  of  the  Contractor 
under  such  obligations  or  commitments.  When  the  Contracting 
Officer  shall  have  performed  the  duties  incumbent  upon  him 
under  the  provisions  of  this  Article,  the  Contracting  Officer  shall 
tliereafter  be  entirely  released  and  discharged  of  and  from  any 
and  all  demands,  actions,  or  claims  of  any  kind,  on  the  part  of 
the  Contractor  hereunder  or  on  account  hereof. 
ARTICLE  VIII. 

Abandonment  of  Work  by  Contracting  Officer. — If  conditions 
.should  arise  which  in  the  opinion  of  the  Contracting  Officer  make 
it  advisable  or  necessary  to  cease  work  under  this  contract,  the 
(Contracting  Officer  maj-  abandon  the  work  and  terminate  this 
contract.  In  such  case  the  Contracting  Officer  shall  assuine  and 
t  ecome  liable  for  all  such  obligations,  commitments  and  unliqui- 
dated claims  as  the  Contractor  may  have  theretofore,  in  good 
taith,  undertaken  or  incurred  in  connection  with  said  work:  and' 
the  Contractor  shall,  as  a  condition  of  receiving  the  payments 
mentioned  in  this  Article,  execute  and  deliver  all  such  papers, 
and  take  all  such  steps  as  the  Contracting  Officer  may  require 
lor  the  purpose  of  fully  vesting  in  him  the  rights  and  benefits 
of  the  Contractor  under  such  obligations  or  commitments.  The 
Contracting  Officer  shall  pay  to  the  Contractor  such  an  amount 
of  mone.v  on  account  of  the  unpaid  balance  of  the  cost  of  the 
work  and  of  the  fee,  as  will  result  in  the  Contractor  receiving  full 
reimbm-sement  for  tJie  cost  of  the  work  up  to  the  time  of  such 
abandonment,  plus  a  fee  to  be  computed  in  the  following  manner: 
To  the  cost  of  the  work  up  to  the  time  of  such  abandonment  shall 
be  added  the  amount  of  the  contractual  obligations  or  commit- 
ments assumed  by  the  Contracting  Officer,  and  such  total  shall 
oe  treated  as  the  cost  of  the  work,  upon  which  the  fee  shall  be 
computed  in  accordance  with  the  provisions  of  .\rticle  III  hereof. 
When  the  Contracting  Officer  shall  have  performed  the  duties 
incumbent  upon  him  under  the  provisions  of  this  Article,  the 
Contracting  Officer  and  the  United  States  shall  thereafter  be 
entirely  released  and  discharged  of  and  from  any  and  all  demands, 
actions  or  claims  of  any  kind  on  the  part  of  the  Contractor  here- 
imder  or  on  account  hereof. 

ARTICLE  IX. 

Bond. — The  Contractor  shall  prior  to  commencing  the  said 
work  furnish  a  bond,  with  .sureties  satisfactory  to  the  Contracting 
Officer,  in  the  sum  of  Two  Hundred  Fifty  Thousand  Dollars 
1*250,000.00),  conditions  upon  its  full  and  faithful  performance  of 
.Til  the  terms,  conditions  and  provisions  of  this  contract,  and  upon 
its  prompt  payment  of  all  bills  for  labor,  material,  or  other 
^,c■rvice  furnished  to   the  Contractor. 

ARTICLE  X. 

Convict  Labor. — No  person  or  persons  shall  be  employed  in  the 
performance  of  this  contract  who  are  undergoing  sentence  of 
imprisonment  at  hard  labor  imposed  by  the  courts  of  any  of  the 
several  states,  territories,  or  municipalities  having  criminal 
.nirisdiction. 

.\RT1CLE  XI. 

Hours  and  Conditions  of  Labor. — No  laborer  or  mechanic 
iloing  any  part  of  the  work  contemplated  by  this  contract,  in 
the  employ  of  the  Contractor,  or  any  sub-contractor  contracting 
for  any  part  of  said  work  contemplated,  shall  be  required  or 
permitted  to  work  more  than  eight  (S)  hours  in  any  one  calendar 
day  upon  such  work,  such  prohibition  being  in  accordance  with  th.^ 
.Vet  approved  June  19.  1912,  limiting  the  hours  of  daily  service 
of  mechanics  and  laborers  on  work  under  contracts  to  which 
the  United   States  is  a  party.    For  each  violation  of  the  require- 
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ments  of  this  Article  a  penalty  of  Five  Dollars  ($5.00.)  shall  be 
imposed  upon  the  Contractor  for  each  laborer  or  mechanic  for 
cverj-  calendar  day  in  which  said  employe  is  required  or  permitted 
to  labor  more  than  eight  (S)  hours  upon  said  work,  and  all 
penalties  thus  imposed  shall  be  withheld  for  the  use  and  benefit 
of  the  United  States;  Provided,  that  this  paragraph  shall  not  be 
enforced  nor  shall  any  penalty  be  exacted  in  case  such  violation 
shall  opcur  while  there  is  in  effect  any  valid  Executive  order  sus- 
pending the  provisions  of  said  Act  approved  June  19.  1912,  or 
■waving  the  provisions  and  stipulations  thereof  with  respect  to 
either  this  contract  or  any  class  of  contracts  in  which  this  con- 
tract shall  be  included,  or  when  the  violation  shall  be  due  to 
any  extraordinary  events  or  conditions  of  manufacture,  or  to 
any  emergency  caused  by  fire,  famine,  or  flood,  by  danger  to 
life  or  property,  or  by  other  extraordinary  events  or  conditions 
on  account  of  which,  by  susbsequent  Executive  order,  such  past 
violation   shall   have  been   excused. 

In  the  event  of  any  dispute  with  reference  to  wages,  hours, 
or  other  conditions  appertaining  to  said  work,  between  the  Con- 
tractor or  any  sub-contractor  and  labor  employed  by  him  on  said 
work,  the  Contractor  or  sub-contractor  shall  immediately  notify 
the  Contracting  Officer  of  the  existence  of  such  dispute  and 
the  reasons  therefor.  The  Contracting  Officer  may.  at  his  option, 
instruct  the  Contractor  or  sub-coritractor  involved  in  such  dis- 
pute as  to  the  method  or  steps  which  the  Contractor  or  sub- 
contractor should  follow  with  reference  thereto,  and  the  Con- 
tractor or  sub-contractor  shall  thereupon  comply  with  such 
instructions. 

ARTICLE  XII. 
Right  to  Transfer  or  Sublet. — Neither  this  contract,  nor  any 
interest  therein,  shall  be  assigned  or  transferred.  The  Con- 
tractor shall  not  enter  into  any  sub-contract  for  any  part  of  the 
work  herein  specified  without  the  consent  and  approval  in  writing 
•of  the  Contracting  Officer.  In  case  of  such  assignment,  transfer, 
or  sub-letting  without  the  consent  and  approval,  in  writing,  of 
the  Contracting  Officer,  the  Contracting  Officer  may  refuse  to 
<?arry  out  this  contract  either  with  the  transferror  or  transferee, 
but  all  rights  of  action  for  any  breach  of  this  contract  by  the 
Contractor  are  reserved  to  the  United  States. 
ARTICLE  XIII. 
No  Participation  in  Profits  by  Government  Officials. — No 
member  of.  or  delegate  tc.  Congress,  or  Resident  Commissioners, 
nor  any  other  person  belonging  to  or  employed  in  the  military 
service  of  the  United  States,  is  or  shall  be  admitted  to  any  share 
or  part  of  this  contract,  or  to  any  benefit  that  may  arise  there- 
from, but  this  Article  shall  not  apply  to  this  contract  so  far 
as  it  may  be  within  the  operation  or  exception  of  Section  116 
ol  the  Act  of  Congress  approved  March  4,  1909  (35  Stats.,  1109). 
ARTICLE  XIV. 

Settlement  of  Disputes. — This  contract  shall  be  interpreted  as 
a  whole  and  the  intent  of  the  whole  instrument,  rather  than  the 
interpretation  of  any  special  clause,  shall  govern.  If  any  doubts 
or  disputes  shall  arise  as  to  the  meaning  or  interpretation  of 
anything  in  this  contract,  or  if  the  Contractor  shall  consider  him- 
self prejudiced  by  any  decision  of  the  Contracting  Officer  made 
under  the  provisions  of  Article  IV  hereof,  the  matter  shall  be 
referred  to  the  Officer  in  charge  of  Cantonment  Construction  for 
determination.  If,  however,  the  Contractor  shall  feel  aggrieved  by 
the  decision  of  the  Officer  in  charge  of  Cantonment  Construction, 
he  shall  have  the  right  to  submit  the  same  to  the  Secretary  of 
War.  whose  decision  shall  be  final  and  binding  upon  both  parties 
hereto. 

ARTICLE  XV. 

This  contract  shall  bind  and  insure  to  the  Contractor  and  its 
successors. 

It  is  understood  and  agreed  that  wherever  the  words  "Con- 
tracting Officer"  are  used  herein,  the  same  shall  be  construed 
to  include  his  successor  in  office,  any  other  person  to  whom  the 
duties  of  the  (Contracting  Officer  may  be  assigned  by  the  SecretaiT 
of  War  and  any  duly  appointed  representative  of  the  Contracting 
Officer. 

SCHEDULE  OF   RENTAL   RATES. 
(The   rates   mentioned    are   per   day.) 

i  5.00 


Cars,  1  hopper,  radial  gate 25 

Crushers   only    2.00 

Crushers,  with  elevator  and  screen 3.00 

Conveyor,   gravity,   per  100  feet 1.09 

Compressor.   10x10  with  Steam  Engine 2.50 

Compressor.   8xS   Belt  Driven j( l.OC 

Comjiressor,  with  Gasoline  Engine  on  Wheels 5.00 

Compressor,  Westinghouse,   9'/^    inch 1.00 

Cableways,    without   Engine 4.00 

Drill.  Auto  Traction 5.00 

Dump  Wagons 25 

Diving  outfit  with   pumps ' 10.00 

Derricks,  60  ft.  to  S5  ft 2.00 

Derricks.  30  ft.  to  59  ft 1.50 

Derricks,  less  than  30  ft •• 1.00 

Derricks,   breast    25 

Derricks,   circle  swing   25 

Elevators,  platform  or  bucket 25 

Elevators,  with  bins  for  concrete 50 

Engines,  skeleton,  3  drum 2.00 

Engines,  skeleton.  2  drum •'. . .     1.50 

Engines,  skeleton.  1   drum     1.00 

Engines,  steam,  horizontal.  11  to  40  hp 1.50 

Engines,  steam,  upright,  to  10  hp 50 

Engines,  gasoline,  to  S  hp 50 

Engines.  2  drum,  with  electric  motor 4.00 

Engines,   gasoline,    10   hp 1.00 

Engines,    derrick,    swinging 50 

Hammers,    rivetting    25 

Hod  elevating  machine 1-00 

Levelling   instruments,    engineers' 25 

Locomotive.   36   inch   gage 5.0D 

Locomotive,    standard    gage 10.00 

Mixers,  with  boiler  sideloader 4.00 

Mixers,  with  electric  motors.  1  yard 4.00 

Mixers  without  boiler,  less  than  1  yard 2.00 

Mixers  without  boiler,   1  yard  and  larger S.^jO 

Mixers   with   gasoline   engine 3.00 

Motorcycles     100 

Motors,    2    hp 15 

Motors.   5  hp 

Motors.   10  hp 

Motors.  25  hp 

Motors.   50  hp 

Pumps,  centrifugal.  10  inch,  belt  driven 

Pumps,  centrifugal.  10  inch  with  motor  attached 4.00 

Pumps,  centrifugal.  S  inch  steam  connected 2.00 

Pumps,  centrifugal.  (!  inch,  steam  connected 1-50 

Pumps,  centrifugal.  4  inch,  steam  connected 1.00 

Pumps,  duplex  and  triplex  to  3  inch 50 

Pumps,  pulsometer  to  4  inch i-»^ 

Pumps,    diaphragm    .-0 

Pumps,  diaphragm,   with  gas  engine 1.05 

Pumps,  triplex,  with  belt  drive -20 

Pile  drivers,  drop I'OO 

Pile  drivers,  drop,  with  single  drum  engine  and  boiler 3.jO 

Pile  hammers,  steam,  up  to  2,500  lbs 3.00 

Pile  hammers,   steam,  larger  than  2.500  lbs 5.00 

Rail,    per    ton -06 

Roller,  horse   1-00 

Steam   drills    , l-?0 

Small  air  drills -"O 

Steam   roller    -    „„ 

Steam   shovel    30. ()0 

Sprinkling  cart    1-^? 

Saw    benches    |^ 

Saw  benches,  with  motor  or  gasoline  engine 50 

Scale  boxes  ?■• 

Scraper,  wheel   ^0 

Transits    V  , 

Typewriter     ^0 

Fuel  and   lubricants   not    included  in   these  prices. 


.50 
1.00 
2.00 
3.00 


Automobiles     

Adding  and  listing  machines 20 

Buckets,  tipple  and  bottom  dump 25 

Boring   machine,    pneumatic 50 

Boring   machine,    electric .50 

Buckets,   orangepeel,  1  yard 3.50 

Buckets,   orangepeel.  less  than   1  yard 2.00 

Buckets,  clamshell / 2.00 

Boiler,  and  3  drum  engine 3.o0 

Boiler,  and  2   drum   engine 3.00 

Boiler,  and   1  drum   engine 2.50 

Boiler,  onlv  30  hp.   and  smaller 1.50 

Boiler  only,  larger  than  30  hp 2.00 

Block    machine,    concrete 1-50 

Cars.   skip.  1%   yards 25 

Cars,  skip,  3  yards 50 

Cars,  steel,  1  yd.  and  smaller 15 

Cars.  4  yd.  wooden 25 

C;ars.    6    vd.    wooden o 

Cars.  12  yd.  wooden 2.00 
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Relations  of  the  Engineer  and 
Contractor* 

Relationship.s  and  duties  of  the  engineer  and  con- 
tractor are  mutual  and  supplementary;  they  are  the 
links  that  bind  them  in  the  chain  of  events,  on  their 
common  task.  The  engineer  and  contractor  are  both 
technical  men;  one  designs  the  work,  the  other  man- 
ages its  construction;  the  engineer  plans,  and  works 
out  the  details  of  the  structures,  while  the  contractor 
prepares  the  methods  of  erection  and  the  means  of 
completion;  therefore,  the  superiority  of  the  engineer 
is  passing  away  in  proportion  to  the  training,  experi- 
ence and  adaptability  of  the  contractor  to  his  task. 

If  the  engineer,  during  the  different  stages  of  his 
planning,  designing  and  detailing  and  proposed  work, 
will  carefully  and  conscientiously  consider  the  funda- 
mental interests  of  the  contractor  and  the  probable 
difficulties  he  may  encounter  in  manufacturing,  as- 
sembling, transporting  and  erecting  the  different  parts 
of  the  structure,  he  will  not  only  render  honorable 
duty  to  the  contractor,  but  also  materially  benefit  his 
client  and  give  real  service  to  the  community.  There 
is  no  doubt  that  the  modern  and  capable  engineer  al- 


«'From  a  paper  presented  by  Andrew  Nicola,    contracting  en- 
gineer, before  the  Brooklyn  Engineers'  Club. 
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ways  has  these  obligations  before  him  as  a  guide  foi" 
greater  tasks,  and  an  aid  for  wider  reputation. 

The  duties  of  the  contractor  to  the  engineer  are  few 
and  fundamental;  he  should  not  crowd  the  engineer 
out  of  his  position  on  the  work,  neither  should  he  at- 
tempt to  eliminate  him  as  consulting  and  supervising 
agent.  There  are  great  duties  and  enough  honor  for 
all,  and  no  one  should  be  overjealous  of  the  other's 
position,  prosperity  or  reputation;  but  each  should 
strive  nobly  to  make  this  world  better  and  happier 
home  for  mankind  by  doing  his  level  best  on  the  spot 
he  occupies,  whether  he  is  spacing  rivets,  managing 
office  or  field  work,  or  in  the  factory  or  in  the  front 
trenches. 

Most  of  the  fundamental  and  frequent  causes  of  the 
disputes  that  arises  between  the  engineer  and  con- 
tractor may  be  classified  as  follows: 

Love  of  superiority  on  the  part  of  the  engineer  and 
his  constant  tendency  to  maintain  a  higher  position 
of  command  over  the  contractor;  and  the  exercise  of 
a  free  hand  in  changing  the  ways,  means  and  quantity 
of  construction.  His  natural  excuse  is  professional, 
hereditary  tendency,  and  the  common  pretence  is  the 
interest  of  the  client. 

On  the  other  hand,  the  contractor,  personally,  re- 
sents the  engineer's  motives,  and  consequently  often 
persists,  under  the  law  of  self-preservation,  to  adopt 
expediency  instead  of  the  technical  ways  and  means 
outlined  by  the  engineer  for  performing  the  work. 

The  abnormal  desire  of  the  contractor  to  get  rich 
quick,  sometimes  plunges  him  into  the  adoption  of 
methods  which  cannot  be  approved  by  the  reputable 
engineer,  and  which  so  often  proved  to  be  the  down- 
fall of  many  a  promising  citizen  and  the  degradation 
of  few  good  engineers,  who  acquiesced  to  such  unlaw- 
ful variation  from  the  approved  and  adopted  stand- 
ards. 

The  influence  of  the  lawyer  and  the  place  he  oc- 
cupies in  the  contract  is  a  bad  link  in  the  chain  of 
mutual  dealings  between  the  engineer  and  contractor. 
In  my  opinion  the  contract  should  be  drawn  by  the  en- 
gineer and  approved  by  the  contractor,  to  fit  the  par- 
ticular conditions,  time  and  place  of  the  work,  in  the 
same  way  as  the  specifications  are  prepared  and  ex- 
ecuted; and,  by  no  means,  should  such  blind  clauses 
and  undefined  general  terms  be  used  or  allowed  to 
remain,  as  are  now  inserted  in  the  lawyer-made-con- 
tracts. 

The  trial  of  important  engineering  and  contracting 
cases  by  judges  of  narrow  experience,  lawyers  of  lim- 
ited knowledge  and  a  jury  consisting  of  ignorant  men 
supposed  to  be  endowed  with  normal  and  impartial 
minds,  is  a  grave  mistake  and  a  cause  for  greater  and 
future  disputes.  In  my  opinion,  a  case  between  en- 
gineer and  contractor,  should  be  tried  by  a  jury  con- 
sisting of  six  engineers  and  six  contractors.  When 
the  rights  of  a  client  are  involved  in  the  case,  the  jury 
box  should  contain  four  engineers,  four  contractors 
and  four  citizwis  of  other  professions;  and  the  de- 
cision of  the  majority  should  be  final. 


Personals 

E.  L.  Gostin  has  been  appointed  city  engineer  of  Macon.  Ga. 

Lewis  B.  Sebring  has  been  appointed  city  engineer  of  Sche- 
nectady, N.  Y. 

Warren  E.  Neel  has  been  appointed  chief  engineer  of  the  State 
Highway  Department  of  Georgia. 

Georjre  S.  Fier?on  has  been  appointed  County  Highway  Engi- 
neer of  Kalamazoo   County,   Michigan. 

I,  M.  Russell.  City  Engineer  of  Elkhart.  Ind..  has  resigned  this 
position  to  become  as.?ociated  with  Arthur  J.  Sweet,  Consulting 
Engineer   of  Milwaul'ee.   Wis. 

R.  .T.  "Windrow  of  Waco,  Tex.,  recently  appointed  a  member 
oi  the  State  Board  of  Water  Engineers  of  Texas,  to  succeed  J.  C. 
Nagle,   resigned,   has   taken   office. 


C.  M.  Osborn,  for  the  past  ten  years  city  engineer  of  Lorain, 
C,  has  been  appointed  city  manager  of  East  Cleveland,  a  sub- 
Uib  of  Cleveland,  O.,  and  will  take  oflBce  on  Jan.   1. 

Frank  R.  Stone,  a  road  contractor  of  Lima,  O..  has  received 
a  commission  as  first  lieutenant  in  the  Twenty-third  Engineering 
Corps  and  has  reported  for  duty  at  Camp  Mead,  Maryland. 

C.  Beverley  Broun,  Ivory  C.  Jordan,  Graham  C.  Painter, 
Connor  Hall  and  John  H.  Taylor,  all  of  Charleston,  W.  Va.,  have 
organized  the  Dunbar  Construction  Co..  of  Dunbar,  W.  Va. 

Chalmers  Miller,  for  the  past  two  years  assistant  city  engineer 
01  Lorain,  O.,  has  been  appointed  city  engineer  to  succeed  C.  M. 
Osborne,  who  resigned  to  become  city  manager  of  East  Cleve- 
land. 

William  J.  Hardaker  of  Reading,  Pa.,  has  been  appointed 
general  superintendent  of  the  Reading  Transit  &  Light  Co.  and 
the  Metropolitan-Edison  Electric  Co.  interests  in  Lebanon  Coun- 
t>  ,    Pennsylvania. 

James  C.  Pinney,  Jr.,  President  Milwaukee  Chapter  of  the 
American  Association  of  Engmeers,  formerly  Superintendent  of 
Bridges  and  Public  Building  for  the  City  of  Milwaukee,  has 
recently  been  offered  the  position  of  Dean  of  the  College  of 
Engineernig   of    Marquette   University. 

Captain  R.  R.  Jones,  Cincinnati,  C.  Chief  Assistant  Engineer 
of  Cincinnati  District  No.  1,  Corps  of  Engineers,  has  been  in- 
stalled as  officer  in  charge  of  the  district,  relieving  Colonel 
Lansing  H.  Beach,  Cnited  States  Division  Engineer,  who  has 
been  in  charge  since  the  transfer  of  Major  R.  R.  Ealsrton  to 
training  camp  duty  at  Ft.   Oglethorpe,  Ga. 

The  Japanese  Imperial  Railway  Commission  now  in  this  coun- 
tiy  for  the  purpose  of  inspecting  American  railw-ays  and  pur- 
ciia.eing  supplies  includes  Dr.  Yasujiro  Shima,  director  of  ma- 
ciiinery  and  rolling  stock  departments  of  the  Japanese  Imperial 
Government  Railways:  Jiro  Nakamura.  chief  engineer:  Aiko  Ka- 
^iiuiip,   trafnc  manager,  and  D.  Kobayashi,  resident  inspector. 

George  il.  Brown,  heretofore  division  engineer  of  the  Phila- 
delphia division  of  the  Pennsylvania  R.  R.,|  has  been  promoted 
to  the  office  of  principal  assistant  engineer  of  the  Eastern  Grand 
division  with  offices  at  Altoona,  .-succeeding  A.  B.  Cuthbert, 
who  was  made  engineer  of  the  Cresson  division.  Elmer  Irving, 
division  engineer  at  Trenton,  succeeds  Mr.  Brown  as  division 
engineer  on  the  Philadelphia  division.  Mr.  Brown  formerly  was 
engineer  of  the  Middle  division.  Mr.  Irving  was  formerly  super- 
vising engineer  at  Lancaster  before  being  tran.-^ferred  to  Trenton. 


Obituaries 

p.  W.  Ryan,  a  railroad  contractor,  died  last  weiek  at  his  home 
in  Janesville,  Wis.  He  built  the  first  railroad  into  Jlonroe.  Wis., 
over  30  years  ago.  He  also  built  the  line  from  Palatine  to  Wau- 
conda.  111.,  and  the  Mineral  Point  division. 

James  F  McNichol,  a  well-known  contractor,  of  Philadelphia. 
Pa.,  died  Nov.  14  at  the  home  of  his  son  in  Philadelphia,  where 
he  had  been  ill  for  several  weeks  following  an  attack  of  acute 
indigestion.  Death  was  due  to  dila,tation  of  the  lieart.  He  wa.s 
o3    years    old. 


Industrial  Notes 

The  Boston  Belting  Co.,  Boston,  Mass.,  has  recently  made  a 
shipment  of  belting  for  conveying  and  elevating  ore  in  the  new 
mills  at  Bowdin  Mines  in  Burmah.  The  orders  weighed  22 
tons  .and  will  travel  about  IS. 000  miles  to  reach  its  destination. 
The  Sullivan  Machinery  Co.  announces  that  Joseph  H.  Brown, 
hitherto  Assistant  Manager  of  its  New  Y'ork  City  office,  has  been 
appointed  District  Sales  Manager  at  Chicago,  to  succeed  William 
P  J.  Dinsmoor,  who  has  resigned  to  engage  in  business  at 
Denver,   Colo. 

Wallace  T.  Roberts,  hitherto  sales  engineer  for  the  Sullivan 
Machinery  Co.  in  lower  Michigan,  Northern  Ohio  and  Northern 
Indiana,  has  been  appointed  District  Manager  at  Denver.  Mr. 
Roberts  succeeds  Captain  Matt.  R.  Blish,  Ordnance  Department, 
T'.  S.  A.,  Acting  Manager  at  Denver  since  last  May.  Geo.  W. 
Blackinton,  Mana.ger  at  Denver  up  to  May  last,  is  Captain, 
commanding  Third  Battalion.  Three  Hundred  and  Fifty-thir  In- 
fantry Regiment,  National  Army,   Camp  Funston,   Kan. 

The  Terwilliger  Eo.uipment  Co.  has  recently  incorporated  its 
r.apidly  increasing  business  and  removed  from  .314  Bulletin  Bldg.. 
Fliiladelphia,  to  its  new  quarters,  2013  Market  St.  The  personnel 
of  this  firm  is  as  follows:  President,  E.  M.  Terwilliger.  formerly 
in  charge  of  the  Philadelphia  office  of  the  Austin-W'estern  Road 
Machinery  Co.:  Vice-President,  H.  E.  Green,  for  the  past  7 
years  district  manager  of  the  Browning  Co.;  Secretary,  John  A. 
Conbov,  who  had  charge  of  the  concrete  mixer  department  of 
the  Standard  Supply  &  Equipment  Co.:  Treasurer.  W'.  George 
Brooks,  until  recently  sales-manager  of  the  Packard  Motor 
Car  Co. 

At  the  annual  meeting  of  the  National  Paving  Brick  Manufac- 
turers' Ass'n  held  in  Cleveland,  Ohio,  on  Nov.  19  and  20.  the 
following  officers  were  elected  for  the  ensuing  year:  C.  C.  Blair. 
President:  J.  T,.  Murphy,  Vice  President:  Will  P.  Blair,  Secretary; 
C.  C.  Barr.  Treasurer.  J.  W.  Robh.  who  has  served  as  Vice- 
President,  declined  re-election  to  that  office  and  J.  L.  Murphy 
was  elected  instead.  H.  H.  Macdonald,  who  has  served  as 
Assistant  Secretary  for  several  years,  declined  re-election  and 
tendered  his  resignation  and  will  become  Secretary  of  the 
Gypsum  Industries  Association  with  headquarters  at  Chicago. 
III.  Resolutions  of  appreciation  of  Mr.  Macdonald's  service  were 
passed  by  the  AssociationV 

The  following  conventions  will  be  held  during  the  week  of 
the  Contractors'  and  Builders'  Show  at  Chicago,  Feb.  G  to  li. 
WIS;  American  Association  of  Engineers,  American  Concrete 
Institute-,  American  Concrete  Pipe  Association.  Central  Associa- 
tion of  Lumber  Sash  and  Door  Salesmen.  Illinois  Lumber  and 
Builders'  Si'pplv  Dealers'  Association,  National  As.sociation  of 
Sand  and  Gravel  Producers,  National  Builders'  Supply  Associa- 
tion. The  Contractors'  and  Builders'  Show  will  be  an  open 
forum  for  the  display  of  machinery,  equipment  and  building 
terials  of  all  kinds  for  the  construction  of  offices,  faetori^es. 
houses,  power  plants,  etc:  for  homes  of  cement, 
and  tile;  for  roads  of  concrete,  brick. 


ma- 
vare- 
lumber,   brick 
iphalt  and  block. 


(104) 


Road  and  Street 
Monthly  Issue 


ENGINEERING  -««,.  CONTR/lCnNG 


Halbert  p.  Gillette,  President  and  Editor. 


Lewis  S.  Louer,   Vice  President  and  General  Manager. 


The  four  rotated  special  monthly  issues  and  one  quarterly  issue  of  E.  &  C.  entirely  cover  the  civil 
engineering  and  contracting  field  if  subscribed  for  as  a  weekly  at  $3.00  a  year;  but  any  one  of  the 
four  special  issues  may  be  subscribed  for  as  a  monthly  at  $1.00  a  year,  or  any  two  monthly  issues  at 
$1.50  a  year.  The  Price  and  Market  Quarterly,  published  on  the  5th  Wednesday  of  4  months, 
may  be  taken  separately  at  25  cents  a  yeai. 

Excavation  and  Govt.  Works — 3rd  Wednesday 


Roads  and  Streets — 1st  Wednesday 

(a)  Roads 
Cb)   Streets 

Waterworks  and  Hydraulics — 2nd  Wednesday 

fai   Waterworks 

(b)  Sewers  and  Sani- 

tation 


(a)   Excavation 


(c)  Harbors  and   Docks 

(d)  Railway   Construction 


Buildings  and  Structures — 4th  Wednesday 

tion 
Structures 


Volume  XLVIII. 


CHICAGO,  ILL.,  DECEMBER  5,  19i; 


Number  23. 


10,000  American  Road  Building 

Engineers  Will  Do  as  Much  as 

40,000  British  Troops 

in  France 

In  an  address  before  the  American  Road  Builders' 
Association,  Nov.  2,  Maj.  I.  C.  Moller.  of  the  23d  En- 
gineers, said  that  it  had  been  estimated  that  the  10,- 
000  men  of  the  23d  Engineers — the  Road  Building 
Regiment — will  accomplish  as  much  as  40,000  Brit- 
ish troops  have  been  able  to  accomplish  on  the  high- 
way work  in  France.  This  four  to  one  ratio  does  not, 
of  course,  represent  the  relative  efficiency  of  the  in- 
dividual men  of  the  two  countries;  but  it  will  exist 
because  the  British  have  had  comparatively  little  road 
building  equipment,  whereas  the  Americans  will  be 
fully  equipped  with  the  best  of  American  machinery 
for  grading,  hauling,  surfacing,  etc.  It  is  expected 
that  the  American  engineers  will  maintain  about  2,000 
miles  of  roads  in  France,  in  addition  to  building  new 
routes. 


should  take  immediate  steps  to  show  city  and  county 
officials  the  importance  of  increasing  rather  than  de- 
creasing the  annual  expenditures  for  roads  and 
streets. 


The  New   Highways  Committee 

of  the  Council  of  National 

Defense 

The  Council  of  National  Defense  has  appointed  a 
Highways  Transport  Committee  whose  main  func- 
tion will  be  to  co-ordinate  railway  and  highway  trans- 
portation. The  members  of  the  committee  are:  Roy 
D.  Chapin,  of  Detroit,  chairman ;  Logan  Waller  Page, 
head  of  the  Office  of  Public  Roads;  Henry  G.  Shir- 
ley, chief  engineer  of  the  Maryland  Road  Commis- 
sion; and  George  H.  Pride,  New  York.  Mr.  Chapin 
is  secretary  of  the  National  Automobile  Chamber  of 
Commerce,  also  vice  president  of  the  Lincoln  High- 
way Association.  It  is  announced  that  the  Council 
of  National  Defense  plans  to  encourage  the  use  of 
motor  trucks  for  short  distance  freight  haulage,  es- 
pecially of  farm  produce.  We  suggest  that  the  Coun- 
cil, through  its  new  Highways  Transport  Committee, 


"The  Advice  of  a  Paving  Expert 
Would  Have  Saved  the 
City  $6,000" 

A  letter  from  one  of  our  subscribers,  relative  to 
the  editorial  in  our  Nov.  7  issue  entitled  "Why  Are 
There  So  Few  Consulting  Highway  Engineers?", 
urges  us  to  continue  pointing  out  the  benefits  to  be 
derived  from  the  advice  of  competent  consulting  en- 
gineers. Our  correspondent  says:  "I  was  looking 
over  a  newly  paved  street  yesterday  where  the  advice 
of  a  competent  expert  would  surely  have  saved  the 
city  at  least  $6,000." 

Speaking  of  the  reason  why  expert  highway  engi- 
neers are  seldom  called  in  consultation  by  city  and 
county  engineers,  our  correspondent  says: 

The  fault  is  not  so  much  with  city  engineers  as  with  city 
councils  and  road  officials,  who  simply  do  not  realize  or  appre- 
ciate the  importance  and  value  of  expert  knowledge  and  advice 
in  this  field  of  municipal  work.  The  average  city  councilman 
kiiows  far  more  about  pavements  and  road.s  than  any  expert  in 
this  country.  Only  a  few  days  ago  a  member  of  the  council  in 
a  city  of  over  40,000  population  undertook  to  enlighten  me  on  the 
subject  of  the  relative  value  and  the  proper  methods  of  con- 
structing pavements.  He  is  an  unusually  intelligent  man,  a 
college  graduate,  a  lawyer  of  some  note — and  for  years  a  friend 
of  mine.  The  young  city  engineer  in  that  city  some  time  ago 
asked  to  have  me  retained  to  advise  him  in  pavement  work,  but 
tlie  council — on  the  whole  much  above  the  average  in  character 
and  intelligence — scoffed  at  the  idea  on  the  ground  that  it  was 
w  holly  unnecessary  and  that  the  fee  paid  would  be  an  inex- 
cusable waste  of  the  city  money. 

I  have  watched  these  things  pretty  carefully,  over  a  pretty 
large  field,  and  I  think  you  will  agree  with  me  in  saying  that 
if  such  an  arrangement  were  practicable  a  competent  paving  ex- 
pert would  want  no  more  lucrative  practice  than  to  act  as  con- 
sulting engineer  for  almost  any  city  of  10,000  or  more  popula- 
tion on  condition  that  his  compensation  should  be  10  per  cent  of 
what  he  could  save  in  the  construction  and  maintenance  of  its 
pavements. 

I  tfiink  that  the  press,  technical  and  otherwise,  could  do  no 
service  to  the  municipal  ptiblic  more  important  and  economically 
valuable  than   persistently  to  call  attention   to  the  fact  that  the 
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(lesigTi.  construction  and  maintenance  of  streets  and  highways 
is  a  field  where  sound  expert  advice  and  direction  is  just  as 
necessary  and  important  as  in  the  case  of  sewers,  water  supply, 
etc.  In  fact,  because  of  the  relative  greater  financial  magnitude 
or  this  work  in  most  cities,  it  is  often  very  much  more  important 
fiom  the  economical  point  of  view.  The  very  prevalent  idea  that 
p.ivements  and  roads  are  simple  matters  with  which  any  city 
oiRcial  is  fully  <;ompetent  to  deal  must  be  dispelled  before  any 
rtform  can  be  brought  about. 


When  Did  Roads  and  Streets  Be- 
come "Not  Essential  to  the 
National   Defense   and 
Security?" 

At  the  close  of  the  astonishing  "Priority  Order  No. 
2,"  signed  by  Robert  S.  Lovett,  chairman  of  the  War 
Industries  Board,  under  which  gondola  cars  are  not 
to  be  supplied  for  hauling  road  and  street  materials, 
we  find  these  words:  "which  articles  the  undersigned 
finds  are  not  essential  to  the  national  defense  and  se- 
curity." 

This  declaration  is  so  astounding  as  to  be  scarcely 
credible,  particularly  since  it  is  made  by  a  man  who 
is  chairman  of  the  executive  committee  of  the  Union 
Pacfic  Ry.  Although  railway  oflicials  have  fre- 
quently shown  inadequate  appreciation  of  the  eco- 
nomic importance  of  roads,  never  before  has  there 
been  published  even  an  intimation  that  any  railway 
official  regarded  roads  as  "not  essential  to  national 
defense  and  security." 

The  world  war  has  demonstrated  that  without  her 
wonderful  system  of  highways,  France  would  have 
been  crushed  long  ago.  But  we  do  not  have  so  promi- 
nently in  mind  the  military  necessity  of  roads  in 
America  as  their  industrial  necessity  in  times  of  war. 
At  the  very  moment  when  American  farmers  are  faced 
with  a  shortage  of  labor,  when  transportation  of  farm 
products  will  be  curtailed  by  the  labor  shortage  unless 
better  roads  are  provided,  there  comes  "Priority  Order 
No.  2." 

Judge  Lovett  has  issued  a  statement  to  the  effect 
that  the  order  is  an  emergency  measure  and  "will  not 
be  continued  in  force  a  day  longer  than  absolutely 
necessary."  This  is  encouraging  news,  but  a  more 
definite  statement  is  needed,  one  in  which  it  will  be 
made  clear  that  this  high  official  does  not  regard  road 
materials  as  being  "non-essential  to  national  defense 
and  security." 


A  Motor   Truck    Representative 

Urged   for  the  Highv^ays 

Transport  Committee 

At  a  recent  meeting  of  the  Ohio  Good  Roads  Fed- 
eration resolutions  were  passed  urging  the  appoint- 
ment of  a  representative  of  the  motor  truck  industry 
as  a  member  of  the  Highways  Transport  Committee. 
It  seems  to  us  that  the  committee  would  be  strength- 
ened materially  by  such  an  addition. 

Men  engaged  in  the  manufacture  and  marketing  of 
motor  trucks  are  probably  the  best  informed  as  to  the 
economics  of  motor  trucking.  They  know,  for'exam- 
ple,  to  what  an  extent  economic  motor  truck  haulage 
is  dependent  on  the  existence  of  good  roads  and 
streets.  Their  experience  in  the  maintenance  of 
trucks  has  taught  them  how  essential  it  is  to  eliminate 
rough  pavements  in  the  city  and  mud  in  the  country. 
The  nation  needs  the  benefit  of  that  experience,  and 
it  needs  it  now. 


The  Highways  Transport  Committee  may  well  de- 
vote a  large  part  of  its  time  to  a  study  of  the  entire 
problem  of  the  co-ordination  of  road  transportation 
with  railway  transportation.  As  it  now  stands,  rail- 
ways are  built  and  operated  by  men  who  know  very 
little  about  roads  and  streets,  and  highways  are  de- 
signed and  supervised  by  those  who  know  little  about 
railway  economics.  Yet  roads  and  railways,  so  far  as 
the  public  is  concerned,  are  merely  parts  of  one  vast 
transportation  plant.  Certainly  some  one  should  study 
the  relation  of  the  parts  of  this  plant  to  one  another. 
Hitherto  no  one  ever  has  entered  upon  such  a  study. 


"Encourage    the    Use    of   Motor 

Trucks  for  Short  Haul 

Freight" 

The  Railroads'  War  Board  on  Nov.  15  issued  a  bul- 
letin to  all  the  railways  giving  many  valuable  sug- 
gestions on  the  steps  to  be  taken  to  increase  railway 
efliciency.  Hint  No.  11  reads:  "Encourage  the  use 
of  motor  trucks  and  co-operation  with  trolley  lines 
for  handling  short-haul  freight."  This  admirable  bit 
of  advice,  however,  is  scarcely  concordant  with 
"Priority  Order  No.  2,"  which  forbids  the  use  of  gon- 
dola cars  for  hauling  road  and  street  materials  on 
the  ground  that  such  materials  are  "not  essential  to 
the  national  defense  and  security."  Here  we  have 
two  opposed  theories,  one  expressing  belief  in  the  as- 
sistance that  motor  trucks  can  render  the  railways, 
and  the  other  tacitly  denying  that  motor  trucks  can 
be  of  assistance;  for  to  declare  that  road  materials  are 
non-essentials  is  tantamount  to  asserting  that  motor 
trucks  also  are  non-essential ! 


Is    Coal    for    Gewgaw    Factories 

More  "Essential"  Than  Broken 

Stone  for  Roads? 

"Since  this  war  is  as  much  a  war  of  food  and  other 
resources  as  it  is  of  manpower  and  ammunition,  it  is 
my  conception  of  the  road  situation  in  America  that 
every  road  in  the  land  is  a  military  road."  This  strik- 
ing expression  is  uttered  in  a  letter  to  us  by  J.  E. 
Kaulfuss,  Highway  Engineer,  North  Dakota  Highway 
Commissioner,  in  protest  against  "Priority  Order  No. 
2,"  which  withdraws  gondola  cars  from  use  in  trans- 
porting road  and  street  materials,  so  that  such  cars 
can  be  used  for  coal  haulage. 

World  transportation  is  not  confined  to  car  and  ship. 
It  does  not  originate  in  one  railway  station  or  wharf 
and  end  at  another  one.  It  begins  at  the  farm  or  mine 
or  other  place  where  the  earth  yields  initially  to  man's 
efforts,  and  between  this  point  of  origin  and  the  rail- 
way station  lies  the  road  over  which  the  produce  must 
be  hauled.  The  cost  of  this  road  haulage  can  be 
greatly  reduced  only  by  so  greatly  improving  the  high- 
ways that  motor  trucks  can  haul  large  loads  at  all  sea- 
sons of  the  year.  If  ever  in  our  American  history 
there  was  a  time  when  reduced  hauling  costs  were 
more  imperative  than  now,  we  should  like  to  know 
when.  Yet  according  to  "Priority  Order  No.  2"  ma- 
terials for  roads  are  classed  as  non-essentials! 

Are  jimcracks  and  gewgaws  essential?  If  not,  the 
coal  that  is  hauled  to  the  thousands  of  factories  of 
women's  finery  is,  for  the  most  part,  traveling  on  a 
non-essential  mission.  If  there  is  to  be  wholesale  re- 
striction in  the  use  of  open  top  cars,  let  it  not  be  on 
the  ground  that  coal  is  more  essential  for  gewgaw 
factories  than  broken  stone  for  country  roads. 
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The  Dissolution  of  the  American 

Highway  Association  Offers  an 

Opportunity  to  the  American 

Road   Builders*  Association 

The  American  Highway  Association,  having  accom- 
plished the  purpose  for  which  it  was  organized  seven 
years  ago,  has  dissolved.  A  brief  history  of  the  asso- 
ciation appeared  in  our  Road  and  Street  issue  of  Nov. 
7,  together  with  a  full  statement  of  the  reasons  why 
its  board  of  directors  decided  to  bring  the  life  of  the 
association  to  a  close. 

The  passing  of  the  American  Highway  Association 
leaves  the  American  Road  Builders'  Association  as  the 
only  national  organization  of  its  kind.  We  had  fre- 
quently urged  a  consolidation  of  these  two  societies, 
for,  although  their  aims  were  not  precisely  parallel, 
there  was  a  considerable  duplication  of  effort. 

The  American  Road  Builders'  Association  now  has 
an  opportunity  to  attach  to  itself  many  of  the  former 
members  of  the  American  Highway  Association  and 
to  become  a  very  large  national  society.  But  to  do  so 
it  must  first  show  itself  to  be  an  independent  organ- 
ization. Its  present  membership  of  1,000  can  readily 
be  doubled  under  the  direction  of  a  competent  sec- 
retary who  will  devote  his  entire  time  to  the  associa- 
tion, and  who  has  no  personal  ax  to  grind. 


Public  Bodies  Protest  Against  the 

Embargo  on  Gondola  Cars  for 

Road  Materials 

Several  associations  have  already  protested  against 
"Priority  Order  No.  2,"  and  many  more  will  doubt- 
less follow  their  lead.  The  U.  S.  Chamber  of  Com- 
merce recently  passed  this  resolution : 

Whereas,  It  is  essential  that  all  the  transportation  facilities 
oi*  the  nation  should  be  brought  to  the  highest  state  of  efficiency 
in  order  that  foodstuffs  may  be  moved  most  economically  from 
the  farm  to  the  market,  that  manufactured  products  be  moved 
at  the  lowest  cost  from  the  factory  "to  the  consumer,  and 

Whereas,  The  public  highways  offer  a  good,  prompt  and  eco- 
nomical means  to  supplement  transportation  by  rail  and  water; 
therefore  be  it 

Resolved,  That  the  prompt  improvement  of  our  public  high- 
ways is  important  and  should  be  forwarded  in  every  proper  way. 

Elsewhere  we  print  in  full  the  resolutions  adopted 
by  the  Ohio  Good  Roads  Federation. 


break  up  hard  clods  that  interfere  with  the  leveling. 
The  method  of  excavating  below  grade  is  also  fre- 
quently advantageous  where  trenches  are  dug  for 
curbs  and  the  like,  the  spoil  then  being  shoveled  di- 
rectly onto  the  subgrade  without  the  necessity  of 
hauling  it  away. 


Why  Ditches  Often  Provide 
Inadequate  Drainage 

H.  E.  Bilger,  Road  Engineer,  Illinois  State  High- 
way Department,  states  that  probably  for  more  than 
half  the  roads  in  Illinois  the  travelled  surface  is  lower 
than  the  adjacent  ground  level.  This  condition  is  par- 
ticularly objectionable  in  clayey  soil  where  the  land  is 
nearly  level,  for  the  side  ditches  seldom  have  suffi- 
cient slope  to  drain  the  subgrade  properly.  A  sub- 
grade  should  be  above  the  level  of  the  adjacent  fields 
in  such  cases;  and  Mr.  Bilger  lays  down  this  rule:  In 
clay  soil  where  the  obtainable  side-ditch  grade  is  less 
than  0.4*^,  a  stretch  of  not  more  than  800  ft.  of  sub- 
grade  should  exist  with  its  crown  less  than  12  in. 
above  the  ground  level,  regardless  of  the  size  of  the 
ditches. 

We  favor  broadening  this  rule  by  eliminating  any 
reference  to  the  side  ditches,  for  the  accumulation  of 
snow  and  slush  in  side  ditches  often  renders  them 
practically  useless  even  where  their  gradient  exceeds 
0.4  per  cent. 


How  to  Reduce  Hand  Trimming 
of  Subgrades 

Small  steam  shovels  are  being  used  more  and  more 
for  grading  streets  and  roads.  With  the  growing 
scarcity  and  high  price  of  labor,  machines  will  be  used 
more  extensively  than  ever,  even  for  grading  very 
shallow  cuts.  But  in  order  to  make  machine  work 
highly  economic  on  shallow  cuts  it  is  necessary  to 
eliminate  practically  all  hand  trimming  of  subgrades. 
Road  machines  and  leveling  scrapers,  if  properly  han- 
dled, can  be  used  to  trim  subgrades  in  most  soils;  but 
frequently  the  soil  is  so  tough  or  so  stoney  that  trim- 
ming can  not  be  done  cheaply  in  this  manner.  In 
such  cases  it  often  pays  to  excavate  all  the  earth  with 
the  steam  shovel  to  a  depth  a  few  inches  below  sub- 
grade.  Then  cast  or  dump  loose  earth  back  orto  the 
subgrade  and  roll  it  down  to  the  desired  level,  after 
smoothing  it  with  a  leveling  scraper.  It  may  even 
pay  to   harrow   and   sprinkle  the   earth   in   order  to 
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Monolithic  Brick  Slabs  as  Strong 
as  Concrete  Slabs 

If  a  concrete  pavement  6  in.  thick  is  strong  enough 
to  carrj'  a  given  wheel  load,  what  thickness  of  mono- 
lithic brick  pavement  is  necessary  to  carry  the  same 
load? 

If  transverse  strength  tests  on  66  slabs  made  under 
the  direction  of  C.  C.  Wiley,  instructor  in  highway 
engineering  at  the  University  of  Illinois,  are  suflScient 
evidence,  the  answer  to  the  above  question  is  6  in. 
In  other  words,  a  composite  slab  made  of  paving  brick 
laid  direct  on  concrete  is  as  strong  as  an  all  concrete 
slab  of  equal  thickness. 

The  tests  showed  that  for  1:2:3  concrete  slabs  6 
to  7  in.  thick  and  23x45  in.,  28  days  old,  the  modulus 
of  rupture  was  about  480  lb.  per  square  inch.  Mono- 
lithic slabs  made  of  a  course  of  4  in.  of  brick,  bedded 
in  1:3:5  concrete  3  in.  thick,  and  grouted  with  1:1 
grout,  showed  almost  the  same  modulus  of  rupture, 
480  lb.  at  the  end  of  28  days. 

Mr.  Wiley  concludes  that  a  monolithic  brick  slab 
7  in.  thick  should  not  be  regarded  as  a  4-in.  wearing 
coat  of  brick  upheld  by  a  3-in.  concrete  base,  but  it 
should  be  regarded  as  having  as  much  strength  as  a 
concrete  slab  7  in.  thick. 


Compacting  Concrete  in  Walls  by 
Jarring  the  Forms 

Reinforced  concrete  for  building  walls  is  com- 
monly mixed  quite  wet  and  is  usually  compacted,  by 
spading  it.  Concrete  containing  less  water,  and  of  a 
quaky  rather  than  fluid  consistency,  is  sometimes 
specified;  but  it  can  not  be  economically  tamped  in 
thin  reinforced  walls.  However,  it  can  be  compacted 
by  striking  the  forms  and  the  reinforcing  bars  with 
a  light  wooden  maul.  This  suggests  the  possibility  of 
using  a   pneumatic   hammer  for  this   purpose,  for  a 
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large  number  of  sharp,  light  raps  should  prove  effec- 
tive in  causing  the  concrete  to  settle  tightly  in  the 
forms. 


Should  a  Concrete  Road   Be 

Thicker  at  the  Center 

Than  at  the  Sides? 

About  16  years  ago  the  editor  wrote  a  little  book 
on  road  construction  in  which  he  advocated  a  pave- 
ment thicker  at  the  center  than  at  the  sides.  But 
he  then  had  reference  to  macadam  which  was  prac- 
tically the  only  type  of  country  road  pavement  in 
extensive  use.  Macadam  roads,  when  worn,  are  re- 
surfaced by  adding  more  broken  stone.  Since  most 
of  the  wear  is  in  the  center  of  the  road,  a  greater 
center  thickness  is  desirable  to  provide  for  the  pros- 
pective wear.  With  concrete  roads  no  such  reason 
holds.  Now  that  heavily  loaded  motor  trucks  are 
in  common  use,  it  may  well  be  questioned  whether 
even  a  macadam  road  should  be  made  thicker  at  the 
center  than  at  the  sides;  certainly  concrete  should 
be  of  uniform  thickness,  for  the  distribution  of  the 
wheel  load  over  the  subgrade  should  be  fully  as 
great  at  the  edges  as  at  the  center.  Indeed,  a  good 
case  might  be  made  in  favor  of  a  greater  thickness 
at  the  edge  than  at  the  center,  because  of  the  greater 
wetness  of  the  subgrade  near  the  edges  of  the  pay- 
ment. Water,  particularly  from  melting  snow,  will 
find  its  way  underneath  a  narrow  road  pavement,  to 
some  extent,  unless  impervious  shoulders  are  pro- 
vided. 


How  Water  Flows  from  Cuts  Into 
Fills 

The  lower  course  of  macadam  or  gravel  road  is  fre- 
quently quite  porous.  When  this  is  the  case  water 
will  flow  along  the  road  from  cut  to  fill;  and,  by  sat- 
urating the  fill  in  certain  places,  will  cause  "frost 
boils"  in  the  spring.  "Frost  boils"  do  not  occur  on 
fills  unless  the  fill  is  a  clay  that  holds  the  water.  In 
clay  soils  it  is,  therefore,  frequently  desirable  to  cut 
a  V-shaped  trench  across  the  road  at  the  end  of  every 
cut,  with  the  point  of  the  V  uphill,  and  fill  the  trench 
with  stone.  This  will  intercept  and  divert  any  water 
that  flows  from  the  cut  toward  the  fill.  But  if  the 
fill  is  a  long  one,  snow  that  melts  on  its  shoulders 
may  find  its  way  into  a  porous  layer  beneath  the  pave- 
ment. In  such  cases  weep-hole  drains  should  be  cut 
at  intervals  through  the  earth  shoulders. 


capital  that  they  may  be  able  to  carry  freight  more 
economically.  Isn't  it  fully  as  important  that  the 
"feeders"  of  the  railways — the  roads  and  streets — be 
improved?  Unless  engineers  and  other  men  of  fore- 
sight and  public  spirit  take  immediate  steps  to  di- 
rect public  opinion,  there  will  be  a  reduction  in  the 
expenditures  for  roads  and  streets  next  year.  Such  a 
mistaken  war-time  economy  will  really  be  an  extrava- 
gant saving  that  will  cost  the  public  heavily  in  the 
long  run.  Civil  engineers  should  do  all  in  their  power, 
individually  and  collectively,  to  secure  increased  ex- 
penditures for  city  pavements  as  well  as  country 
roads  in  1918;  for  the  annual  operating  expenses  of 
motor  trucks  vary  directly  with  the  character  of  the 
trackway  over  which  they  run. 


"Motor  Trucks  Are  Admirable  for 
Package  Freight" 

Hale  Holden,  President  of  the  C,  B.  &  Q.  in  a  re- 
cent address  before  the  National  Industrial  Traffic 
League,  said: 

Motor  trucks  present  an  admirable  means  for  effecting  de- 
li cerj'  of  package  freight  to  nearby  points  and  I  am  satisfied 
that  the  railroads  are  prepared  to  join  in  reasonable  measures 
to  develop  the  use  of  them. 

When  the  presidents  of  railway  companies  con- 
cede that  motor  trucks  should  be  used  to  supplement 
railway  transportation,  isn't  it  time  that  highway 
engineers  and  city  engineers  begin  to  make  them- 
selves heard  in  loud  protest  against  the  curtailment 
of  road  and  street  work?  Mr.  Holden  goes  on  to  urge 
the  necessity   of   supplying  the   railways   with   more 
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To  Welcome  American  Society 
of  Civil  Engineers 

It  was  a  gracious  thought  that  prompted  the  so- 
cieties of  mining,  mechanical  and  electrical  engineer- 
ing to  welcome,  with  appropriate  ceremonies  on  Dec. 
7,  the  American  Society  of  Civil  Engineers  to  the  en- 
gineering societies'  building.  These  four  great  na- 
tional societies,  with  an  aggregate  membership  ex- 
ceeding 30,000  engineers,  are  now  housed  in  the  en- 
larged building  at  29  West  39th  St.,  New  York.  Their 
four  libraries  are  merged  in  one  that  is  the  finest  and 
largest  engineering  library  in  the  world.  Nearly  12 
years  ago  Engineering  and  Contracting  repeatedly 
urged  this  fraternization  of  the  four  great  national 
engineering  societies.  We  rejoice  at  the  final  decision 
that  has  brought  the  civil  engineers  under  the  one 
roof  with  their  brother  engineers,  and  we  doubt  not 
that  this  action  will  lead  to  further  co-operation  for 
the  common  good  of  the  engineering  profession. 


The  Slow  Progress  of  Road 
Improvement 

Compared  with  previous  years  the  expenditure  of 
nearly  $300,000,000  on  county  roads  in  1916  was  a 
huge  sum,  but  it  is  really  a  startlingly  small  sum 
when  gaged  by  the  economic  needs  of  the  country. 
There  are  approximately  2,500,000  miles  of  roads, 
of  which  less  than  300,000  miles  are  improved  with 
some  form  of  hard  surface.  The  hard  road  mile- 
age is  increasing  at  the  rate  of  15,000  miles  an- 
nually. At  this  rate  it  will  take  150  years  to  give 
all  the  roads  in  America  a  hard  surface.  It  is  fre- 
quently said  that  most  of  our  roads  need  never  be 
surfaced,  but  those  who  make  such  statements  have 
apparently  ignored  such  facts  as  that  not  a  mile  of 
public  road  in  England  remains  unsurfaced.  More- 
over, the  advent  of  the  motor  car  and  motor  truck 
have  entirely  changed  engineering  conceptions  of 
to  extent  to  which  roads  can  profitably  be  surfaced 
with  hard  material. 


Paint  the  Bridges  White 

It  has  long  been  the  practice  to  paint  road  guard 
rails  white,  to  increase  their  visibility  at  night.  For 
the  same  reason  at  least  the  end  posts  of  truss  bridges 
should  also  be  painted  white.  A  truss  bridge  over  the 
Iowa  River  on  the  Lincoln  Highway  has  been  painted 
entirely  white,  except  the  lower  4  ft.  of  the  inner 
posts,  braces  and  guard  rail,  which  are  black.  It  was 
thought  that  spattered  mud  would  so  discolor  the 
lower  part  of  the  bridge  that  black  paint  would  be 
preferable  to  white  there. 
112) 
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The  Road  Bonding  Bugaboo 

There  are  about  $400,000,000  of  outstanding  road 
and  bridge  bonds  and  warrants  Tn  America,  or  only 
$160  per  mile  of  road.  Yet  we  are  frequently  cau- 
tioned against  the  grave  danger  of  overbonding  for 
highway  improvement.  We  are  told  that  a  road  bond 
should  never  have  a  term  longer  than  the  "life  of 
the  road,"  by  which  is  usually  meant  the  life  of  the 
surfacing  material.  The  plausible  argument  is  made 
that  the  bonds  should  mature  before  renewals  of  the 
road  surface  become  necessary. 

What  would  our  railway  system  be  today  if  any 
such  rule  had  been  applied  to  railway  construction? 
Railway  ties  last  about  10  years  and  rails  have  an 
average  life  of  about  20  years,  but  railway  bonds 
usually  have  a  life  of  50  years — and  then  are  re- 
funded with  other  long-term  bonds. 

It  is  sophistical  economics  to  argue  that  the  term 
of  a  bond  must  be  equal  to  or  less  than  the  life  of 
a  part  of  the  plant.  As  a  fact,  the  life  of  the  en- 
tire plant — the  road  or  the  railway — is  endless.  If 
the  renewal  of  its  parts  is  paid  for  out  of  taxes  or 
operating  expenses,  it  is  immaterial  what  the  term 
of  the  bonds  is. 


was  expended  by  state  highway  departments.  How- 
ever, state  road  work  grows  proportionately  greater 
every  year,  and  the  new  federal  aid  law  will  serve 
lo  accelerate  the  relative  increase  in  state  road  work. 


A  Motor  Truck  Subway? 

The  suggestion  has  been  made  that,  to  relieve  the 
congestion  in  the  "downtown  sections"  of  large  cities, 
it  may  become  necessary  to  build  subways  for  motor 
truck  traffic.  Why  not?  The  street  cars  of  Boston 
have  their  subways  down  town,  and  it  can  scarcely 
be  said  that  street  car  traffic  fills  the  streets  to  a 
greater  degree  than  they  are  filled  with  motor  ve- 
hicles. But  prior  to  building  subways,  it  is  certainly 
imperative  to  pave  all  business  streets  with  smooth 
pavements  and  to  route  the  traffic  of  vehicles  in  a 
scientific  manner.  Traffic  should  be  allowed  to  move 
only  in  one  direction  on  the  downtown  streets  during 
the  busiest  hours.  Stringent  rules  as  to  unloading 
and  loading  along  curbs  should  be  adopted  and  en- 
forced. 


Cleaning  Paving  Brick  for 
Relaying 

In  previous  issues  we  have  described  the  use  of  a 
pneumatic  or  air  hammer,  equipped  with  a  chisel,  for 
"toothing  out"  the  half  bricks  left  along  the  edge  of 
a  trench  cut  through  a  brick  pavement.  The  same 
tool  can  be  used  for  cleaning  the  grout  off  old  pavers, 
preparatory  to  relaying  them.  A  small  portable  air 
compressor  driven  by  gasolene  will  supply  air  for  two 
air  hammers '  with  which  two  men  can  clean  grout 
off  about  4,000  bricks  in  an  8-hr.  day,  or  at  the  rate 
of  250  bricks  per  man  per  hour. 


Only  25   Per   Cent  of  All  Road- 
work  Is  Done  by  State  High- 
way Commissions 

Now  that  practically  every  state  has  a  highway  com- 
mission, it  might  be  inferred  that  most  of  the  ex- 
penditures for  road  work  would  be  made  under  the 
direction  of  state  highway  departments.  In  1916 
a  trifle  less  than  $273,000,000  was  expended  (ex- 
clusive of  about  $15,000,000  of  convict  work)  on  roads 
and   bridges   in   America,   of  which   only   $74,000,000 


Why  is  a  Military  Road? 

To  the  Editor:  Now  is  the  time  for  all  good  men 
to  discuss  Military  Roads  and  Priority  Order  No.  2, 
and  I  desire  to  submit  for  your  attention  a  newly- 
expressed  thought  concerning  highways  and  the  rela- 
tion of  the  war  to  them. 

The  United  States  is  a  young  nation  and  we  are 
a  peaceful  people.  All  our  wars  have  been  wars  for 
the  liberation  for  some  class,  people  or  principles. 
The  development  of  the  railroad  came  at  such  a  time 
in  the  virgin  growth  of  our  nation  that  we  neither 
wholly  required  nor  appreciated  the  need  of  national 
or  State  highway  systems.  The  more  recent  advent 
of  the  automobile,  however,  has  awakened  us  to  the 
benefits  and  necessity  of  improved  roads  for  extend- 
ing distances. 

Roads  in  this  country  have  never  been  designed  or 
intended  for  military  operations.  In  the  Civil  War 
the  lack  of  good  roads  for  those  purposes  was  con- 
strued to  be  just  another  hardship  in  the  gentle  art 
of  warfare,  while  in  our  Indian  wars,  the  stage  of  the 
development  of  the  frontiers  and  the  nature  of  the 
enemy  did  not  absolutely  require  nor  permit  the 
building  of  the  proper  strategic  roadways. 

In  ancient  times  the  best  roads  built  by  Carthagin- 
ians, Romans  and  the  like  were  designed  primarily 
for  the  purposes  of  conquest  by  the  successful  execu- 
tion of  military  plans.  The  present  excellent  high- 
way systems  in  Europe,  however,  were  built  with  the 
idea  of  interior  development,  though  it  may  be  easily 
conjectured  that  the  Huns,  at  least,  preconceived  their 
value  for  military  activities.  The  uniqueness  with 
which  they  served  the  purposes  of  warfare  is  marvel- 
ous, with  the  outstanding  results  in  this  country  that 
some  advocate  similar  road  systems  for  strictly  mili- 
tary purposes,  while  others,  like  a  citizen  of  the  West, 
fear  to  make  the  seaboard  roads  too  good  because  they 
might  be  of  service  to  invaders. 

But  just  as  the  war  of  today  is  a  war  of  chemistry, 
agriculture,  food  conservation,  and  other  sciences  and 
totally  different  from  the  war  of  manpower,  shot  and 
shell  of  years  ago,  so  also  are  the  military  roads  of 
today  different  from  the  military  roads  of  Carthage 
and  of  Rome.  To  my  mind,  in  this  war  and  in  all  fu- 
ture wars,  the  military  road  begins  at  my  neighbor's 
door.  While  it  is  true  that  the  certain  highways  in 
time  of  invasion,  in  the  event  our  railroad  systems  fail 
us,  may  be  used  primarily  for  the  mobilization  and 
maneuvers  of  troops,  artillery  and  supplies,  these 
highways  will  be  few  in  number  and  mileage.  More- 
over, since  this  war  is  as  much  a  war  of  food  and 
other  resources  as  it  is  of  man  power  and  ammunition, 
it  is  my  conception  of  the  road  situation  in  America 
that  every  road  in  the  land  is  a  military  road.  It  would 
be  strangely  inconsistent  for  us  to  proclaim  that  the 
bushel  of  wheat  or  pound  of  beef  produced  in  some  re- 
mote part  of  our  land  are  war  food  which  may  win 
the  war  and  at  the  same  time  fail  to  recognize  that 
the  road  over  which  it  may  travel  in  order  to  get  to 
our  Allies  or  to  our  own  people  that  some  other  food- 
stuffs may  be  sent  abroad  is  intrinsically  a  military 
highway.  World's  commerce  is  not  confined  to  the 
intercourse  from  port  to  port;  neither  does  it  begin  at 
the  factory  or  mill.  World's  commerce — according  to 
a  precise  view — begins  rather  in  the  trap  or  seine,  at 
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the  mine's  mouth,  in  the  lumber  camp,  on  the  ranch, 
or  at  the  farmer's  door.  And  world's  commerce  today 
is  war  commerce,  which  makes  every  highway  in  the 
land  a  military  road. 

While  we  may  recognize  the  urgent  emergency 
which  prompted  the  issuance  of  a  Priority  Order  No. 
2  and  may  admit  that  coal  is  more  important  just  now 
than  sand,  gravel,  broken  stone,  etc.,  yet  the  situation 
may  prove  to  be  a  relapse  to  the  early  war-cry  of  cur- 
tailing road  and  bridge  work.  Let  us  not  forget  that 
the  development  and  conservation  of  our  resources  is 
unusually  intimately  connected  with  continued  if  not 
increased  development,  of  all  of  our  highways.  The 
earliest  possible  recession  of  the  Priority  Order  No. 
2  is  the  least  that  can  be  done  for  the  good  of  the 
cause.  In  the  meantime,  let  us  let  the  good  work  for 
highway  planning  and  improvement  go  on. 

J.  E.  Kaulfuss,  Highway  Engineer. 

State  Highway  Commission  of  North  Dakota. 

Bismarck,  N.  Dak. 


Natural  vs.  Portland  Cement  for 
Pavement  Bases 

To  the  Editor:  I  have  read  your  editorial  entitled 
"Natural  vs.  Portland  Cement  for  Pavement  Bases" 
on  page  85  of  your  issue  of  Nov.  7. 

It  seems  to  me  that  you  have  missed  the  point  in 
this  case.  We  all  know  that  as  soon  as  a  road  is  im- 
proved with  brick,  asphalt,  or  any  other  type  of  pave- 
ment which  requires  a  concrete  base,  or  whenever  a 
concrete  pavement  is  constructed,  there  is  immediately 
attracted  to  that  road  or  pavement  a  larger  volume  of 
traffic  and  in  the  majority  of  cases  vehicles  of  larger 
capacity,   carrying  much   greater  loads. 

In  New  York  State,  where  there  is  probably  a  great- 
er percentage  of  improved  roads  than  in  any  other 
state  in  the  Union,  the  number  of  heaVy  motor  buses, 
motor  trucks  and  other  heavy  vehicles  traversing  the 
roads  is  increasing  so  rapidly  that  the  maintenance 
department  is  hard  pressed  to  keep  roads  in  satisfac- 
tory shape. 

The  foundation  of  a  pavement  is  its  most  vital  part. 
There  is  a  tendency  on  the  part  of  engineers  who  are 
looking  forward  to  the  traffic  which  our  roads  must 
carry  to  increase  the  thickness  of  the  base  and  in 
some  cases  to  increase  the  richness  of  the  mix  used. 
Anyone  who  attempts  to  make  this  foundation  just 
good  enough  for  present-day  traffic  is  liable  to  be 
criticized  for  failing  to  have  anticipated  the  traffic 
of  the  future.  We  must  build  our  roads  with  heavier 
foundations  and  build  them  in  the  best  way  we  know 
how.  The  inability  of  the  railroads  to  handle  the 
traffic  which  is  offered  them  has  necessitated  e.xtensive 
use  of  motor  trucks  for  handling  freight.  We  must 
build  our  roads  to  meet  this  demand. 

W.  M.  Kinney, 
Engineer,  Promotion  Bureau,  Universal  Portland  Ce- 
ment Co.,  Chicago,  111. 


The  following  highway  contracts  have  been 
awarded  recently  by  State  Highway  Department:  A. 
L.  McCray,  Los  Angeles,  for  grading  and  concrete 
paving,  2.7  miles  in  Los  Angeles  County,  at  $111,251. 
Palmer  &  McBryde,  Hooker  &  Lent  Bldg.,  San  Bernar- 
dino, for  grading  15.6  miles  in  Humboldt  County,  at 
$223,556.  Blanchard-Brown  Co.,  New  Call  Bldg.,  74 
Montgomery  St.,  San  Francisco,  for  resurfacing  with 
asphalt,  Type  A,  2.7  miles  in  Fresno  County,  at 
$22,824. 

( 


The  New  Kansas  State  Highway 
Administration  Law 

In  the  administration  of  highway  work,  there  are 
certain  things  that  a  township  can  do  more  econom- 
ically than  a  larger  unit;  others  the  county 
can  handle  to  better  advantage,  while  the  sys- 
tematizing and  standardizing  of  the  work  through- 
out the  state,  the  establishing  of  a  uniform  system  of 
accounting  and  the  collection  and  publication  of  cost 
data  and  information  about  road  and  bridge  build- 
ing materials  and  their  use  can  best  be  handled  by 
the  state.  The  system  of  administration  adopted  by 
the  Kansas  Legislature  of  1917  recognizes  these  three 
units,  and  definitely  fixes  the  authority  and  responsi- 
bility of  every  official  and  extends  from  the  State 
Highway  Commission  to  the  township  road  overseer. 
An  interesting  outline  of  the  new  system  was  given 
by  Mr.  W.  S.  Gearhart,  State  Highway  Engineer  of 
Kansas,  in  a  paper  presented  at  the  recent  meeting 
of  the  Oklahoma  Engineering  Society.  The  paper 
practically   in  full  follows: 

The  State  appropriates  no  money  for  highway  con- 
struction and  maintenance  and  can  not  until  the 
State  Constitution  is  amended.  State  appropriations 
can  only  be  made  for  administration,  engineering  as- 
sistance and  supervision.  All  road  and  bridge  funds 
are  provided  by  the  counties,  townships  and  benefit 
districts. 

The  State  organization  consists  of  a  State  High- 
way Commission,  composed  of  three  members  of 
\\hich  the  Governor  is  chairman.  The  other  mem- 
bers are  appointed  by  the  Governor  for  a  term  of  4 
years.  The  Commission  appoints  the  State  Highway 
Engineer  and  the  secretary.  All  assistant  engineers 
and  clerks  are  appointed  by  the  Commission  on  the 
recommendation  of  the  State  Highway  Engineer.  The 
salaries  and  term  of  office  of  all  engineers  and  assist- 
ants are  fixed  by  the  Commission. 

The  Board  of  County  Commissioners  consists  of 
three  members  elected  for  a  term  of  4  years. 

The  County  Board  of  each  county  is  required  to 
appoint  a  competent  county  engineer  for  a  term  of 
2  years.  The  appointment,  however,  must  be  ap- 
proved by  the  State  Highway  Commission.  The 
County  Board  can  remove  the  County  Engineer  at 
i-ny  time  for  cause  and  the  State  Highway  Commis- 
sion can  remove  him  for  incompetency. 

The  County  Engineer's  salary  is  fixed  by  the  pop- 
ulation of  the  counties  at  from  $1,200  to  $2,000  per 
year  and  his  traveling  expenses.  Two  or  more  coun- 
ties may  unite  and  form  a  County  Engineer  district 
and  employ  one  engineer  for  the  whole  district.  ^  This 
provision  of  the  law  has  many  advantages,  for  it  en- 
ables the  counties  by  uniting  to  employ  the  services 
cf  a  high  grade  man  and  with  an  assistant  in  each 
county  he  can  readily  handle  the  work. 

The  township  Board  of  Highway  Commissioners 
consists  of  three  members  elected  for  a  term  of  two 
years.  The  township  board,  with  the  approval  of 
the  County  Engineer,  is  required  to  appoint,  on  his 
merits  onlv,  a  competent  experienced  road  builder  as 
road  overseer  for  the  entire  township.  When  the 
County  Engineer  deems  it  necessary,  the  overseer 
may  appoint  one  or  more  competent  assistants  with 
the  approval  of  the  township  board.  No  member  of 
the  township  board  can  act  as  overseer  or  assistant 
overseer. 

The    State    Highway    Commission    has    general    su- 
pervision   over   the    administration    of   all    road    and 
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bridge  laws  and  over  the  construction  and  mainte- 
nance of  all  bridges  and  culverts  in  the  State  and 
of  all  county  roads.  The  construction  and  mainte- 
nance work  on  all  township  roads  must  be  done  in 
compliance  with  the  plans,  specifications  and  gen- 
eral regulations  prepared  by  the  County  Engineer 
in  conformity  with  the  requirements  of  the  State 
Highway  Commission. 

The  State  Highway  Commission  is  required  to  pre- 
pare standard  plans  and  specifications  suited  to  the 
needs  of  the  several  counties  of  the  State  governing 
the   construction   and   maintenance   of   all   highways. 

The  Commission  is  also  required  to  devise  and 
adopt  a  uniform  system  of  auditing  and  accounting 
of  all  highway  funds  levied  and  expended,  which  sys- 
tem must  be  used  by  every  township  and  county  in 
the  State. 

The  Commission  is  authorized  to  make  investiga- 
tions of  the  highway  conditions  in  any  county  and  to 
require  the  county  and  township  officials  to  furnish 
any  highway  data  desired,  to  assist  in  the  defense  of 
patent  suits  relative  to  road  and  bridge  construction, 
and  it  is  required  to  report  any  violations  of  the 
highway  law  to  the  Attorney  General,  who  must  take 
such  action  as  is  necessary  to  correct  the  same.  The 
Commission  is  also  required  to  take  such  steps  as 
will  give  the  provisions  of  the  law  full  force  and  ef- 
fect. 

The  County  Engineer  and  the  County  Board  are 
required  to  classify  and  designate  the  roads  in  their 
respective  counties  according  to  their  relative  im- 
portance as  county  roads  and  township  roads. 

The  county  roads  are  defined  to  be  the  main  trav- 
eled highways  connecting  as  nearly  as  possible  the 
•cities  and  market  centers  of  each  county  with  each 
other,  as  well  as  to  connect  with  the  county  roads  in 
adjoining  counties. 

In  counties  having  a  total  of  1,000  miles  of  public 
roads  or  less,  not  more  than  150  nor  less  than  50 
miles,  can  be  designated  as  county  roads  and  any 
counties  having  more  than  1,000  miles  of  public 
roads,  not  less  than  10  per  cent  nor  more  than  15  per 
cent  can  be  designated  as  county  roads.  All  other 
public  highways  are  township   roads. 

If  any  county  fails  or  refuses  to  classify  a  system 
of  county  roads,  the  State  Highway  Commission  has 
authority  to  make  the  designation  and  charge  the  ex- 
pense to  the  county. 

It  is  the  duty  of  the  County  Engineer  and  the 
County  Board  in  designating  the  county  roads  to 
eliminate  all  steam  and  electric  road  grade  crossings 
and  all  other  dangerous  places  so  far  as  practical. 
The  railroad  companies  are  required  to  pay  not  less 
than  50  per  cent  nor  more  than  75  per  cent  of  the 
entire  cost  of  eliminating  such  crossings.  The  neces- 
sity for  eliminating  the  crossings  and  the  exact 
amount  of  the  cost  to  be  borne  by  the  railroad  com- 
pany is  determined  by  the  State  Highway  Commis- 
sion. 

Two  county  maps  showing  the  proposed  county 
roads  selected  by  the  County  Engineer  and  the 
County  Board  must  be  submitted  to  the  State  High- 
way Engineer  for  correction  and  approval.  After 
the  system  has  been  approved,  the  County  Engineer 
must  name  the  county  roads  and  divide  them  into 
sections,  number  each  mile  ("numerical  mile)  of 
the  several  sections  and  make  the  necessary  surveys 
to  enable  him  to  prepare  a  complete  report  to  the 
State  Highway  Engineer  as  to  the  plan  of  perma- 
nently improving  the  county  roads  and  all  the  bridges 
and  culverts  thereon.     The  survey  and  report  must 


consist  of  an  accurate  plan  and  profile  of  the  county 
roads  showing  cuts  and  fills,  surface  and  lateral 
drainage,  sub-drainage,  soundiHgs  of  foundations  for 
each  bridge  and  culvert  and  an  estimate  of  the  water- 
shed. These  plans  and  reports  must  be  passed  upon 
by  the  State  Highway  Engineer  and  in  doing  so,  he 
must  take  into  consideration  the  thoroughness,  feasi- 
bility and  practicability  of  such  plans  and  approve 
or  modify  the  same.  After  the  plans  for  each  sec- 
tion of  road  are  approved  by  the  State  Highway  En- 
gineer, they  must  be  filed  and  the  County  Board  must 
then  proceed  to  construct  the  roads,  bridges,  cul- 
verts and  drainage  work  in  accordance  therewith. 

The  County  Commissioners  of  each  county  are  re- 
quired to  make  an  annual  levy  of  not  less  than  i/4 
mill  nor  more  than  IV2  mills  on  the  dollar  on  all  the 
ta.xable  property  of  the  county  for  the  construction 
and  maintenance  of  the  county  roads.  This  fund  can 
not  be  expended  for  bridges  or  culverts.  The  earth 
approach  fills  to  bridges  and  culverts,  however,  must 
be  paid  for  out  of  the  road  funds. 

The  County  Board  is  charged  with  the  administra- 
tion of  all  county  road  matters  and  acts  for  the 
county  in  about  the  same  capacity  as  a  board  of  di- 
rectors for  a  bank  or  railroad,  but  the  County  Engi- 
neer has  direct  charge  and  sole  responsibility  for  the 
actual   construction   and  maintenance  work. 

When  all  the  county  roads  and  the  bridges  and 
culverts  on  the  county  road  system  have  been  per- 
manently improved  according  to  the  approved  plans 
and  the  county  has  sufficient  funds  available,  other 
roads  may  be  added  to  the  county  road  system,  fol- 
lowing the  same  procedure  as  before,  but  no  increase 
shall  be  made  in  the  mileage  of  county  roads  until 
the  original  county  system  is  completed,  unless  by 
a  majority  vote  of  the  electors  of  the  county  it  is  de- 
'ided  to  adopt  the  county  as  the  road  unit,  in  which 
case  the  highways  must  be  classified  according  to 
their  relative  importance  and  then  all  roads,  bridges 
and  culverts  in  the  county  must  be  constructed  and 
maintained  at  county  expense  by  the  County  Board 
under  the  direct  supervision  of  the  County  Engineer. 

The  township  is  required  to  construct  and  maintain 
all  township  roads  and  all  bridges  and  culverts  on 
the  township  road  system  when  the  County  Engi- 
neer's cost  of  such  structures  does  not  exceed  $300. 
The  construction  and  maintenance  of  the  township 
roads  are  under  the  direct  supervision  of  the  road 
overseer  subject  to  the  general  directions  of  the 
County  Engineer  and  the  township  board.  The  re- 
lation of  the  overseer  to  the  township  work  is  prac- 
tically the  same  as  that  of  the  County  Engineer  on 
the  county  system. 

All  road  work  must  be  done  timely  and  in  accord- 
ance with  the  requirements  of  the  State  Highway 
Commission.  The  County  Engineer  and  the  County 
Board  determines  when  and  where  the  work  shall 
be  done  upon  the  county  roads  and  the  County  Engi- 
neer and  the  Township  Board  must  determine  the 
same  on  the  township  roads. 

The  County  Engineer,  with  the  approval  of  the 
Township  Board,  determines  what  township  roads 
can  be  dragged,  which  must  include  all  graded  rural 
mail  routes  and  each  year  he  must  contract  with  or 
employ  persons  to  drag  these  roads  at  such  time  and 
upon  such  terms  as  the  board  and  the  County  Engi- 
neer may  direct.  With  the  approval  of  the  County 
Board,  he  must  decide  what  county  roads  can  be 
dragged  and  arrange  each  year  to  have  them  dragged 
at  such  times  and  upon  such  terms  as  the  board  and 
the  County  Engineer  may  decide.     Upon  the  recom- 
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mendation  of  the  County  Engineer,  the  patrol  sys- 
tem of  maintenance  may  be  adopted  on  either  the 
county  or  township  system.  Any  officer  refusing  or 
neglecting  to  enforce  the  provisions  of  the  drag  law 
subjects  himself  to  a  fine  of  not  less  than  $10  or 
more  than  $250. 

Surfaced  roads  may  be  financed:  First,  from  the 
county  road  funds;  second,  by  voting  a  special  an- 
nual tax;  third,  by  county  bonds  authorized  by  a  ma- 
jority vote  of  the  electors;  fourth,  by  the  Benefit 
District  plan. 

The  boundaries  of  the  benefit  district  may  be  fixed 
in  any  manner  desired  so  as  to  include  as  nearly  as 
practical  all  the  lands  specially  benefited.  The  sys- 
tem is  a  modified  form  of  the  drainage  district  law. 

A  legal  petition  is  one  signed  by  51  per  cent  of 
the  resident  land  owners  (resident  of  the  county) 
owning  at  least  35  per  cent  of  the  land  or  by  35  per 
cent  of  the  resident  landowners  owning  at  least  51 
per  cent  of  the  land,  or  by  the  owners  of  at  least  60 
per  cent  of  the  land. 

The  County  Board  must  determine  whether  or  not 
the  proposed  improvement  is  of  public  utility  and  if 
they  declare  it  to  be,  they  must  then  allow  the  peti- 
tion. 

The  plans  must  be  prepared  by  the  County  Engi- 
neer or  by  some  other  competent  engineer  and  the 
construction  work  must  be  done  under  his  direction. 
The  plans,  specifications  and  estimates  of  the  cost 
must  be  approved  by  the  State  Highway  Engineer 
before  they  are  adopted.  Federal  aid  con.struction 
work  must,  of  course,  be  carried  out  under  the  direct 
supervision   of  the   State   Highway   Commission. 

The  cost  of  the  improvement  is  apportioned  as  fol- 
lows: After  the  Federal  aid,  if  any,  and  all  dona- 
tions are  deducted,  the  remaining  cost  is  appor- 
tioned 50  per  cent  to  the  county,  25  per  cent  to  the 
township  or  townships  in  which  the  benefit  district  is 
situated,  divided  according  to  the  area  of  the  benefit 
district  in  each  township  and  25  per  cent  among  the 
several  tracts  of  land  within  the  district,  the  assess- 
ments being  made  according  to  the  benefits  that  ac- 
crue to  the  real  property  and  the  improvements 
thereon.  The  special  assessments  against  the  prop- 
erty in  the  district  may  be  paid  at  the  time  the  work 
is  completed,  or  in  from  10  to  20  annual  installments. 

All  county  and  township  bridges  and  culverts,  rail- 
road overhead  crossings  and  subways,  must  be  built 
according  to  the  standard  specifications  prepared  by 
the  State  Highway  Commission. 

The  township  roads,  bridges  and  culverts  are  all 
financed  out  of  the  township  road  fund,  but  the 
County  Board  is  required  to  make  an  annual  levy  in 
August  for  the  construction  and  maintenance  of  the 
county  bridges  and  culverts  and  this  levy  can  not 
be  used  for  any  other  purpose.  The  budget  system 
must  be  used  in  making  this  levy  and  between  April 
and  July  each  year  the  County  Engineer  is  required 
to  inspect  all  the  bridges  and  culverts  in  the  county 
and  prepare  an  estimate  of  the  cost  of  all  repairs  and 
maintenance  of  each  existing  bridge  and  culvert 
necessary  to  keep  the  same  in  a  reasonably  safe  con- 
dition for  public  traffic  and  prepare  a  report  and  file 
it  with  the  County  Board  on  or  before  the  July  meet- 
ing. The  report  must  give  the  e.xact  location,  the 
character  of  the  repairs  and  the  materials  that  should 
be  used  and  the  estimated  cost  of  repairing  and  main- 
taining each  structure. 

At  the  June  meeting  the  County  Board  must  de- 
termine what  new  bridges  and  culverts  shall  be  built 
during  the  ensuing  year,  the  kind  of  materials  to  be 


used  and  the  location  of  each  bridge  and  culvert  and 
furnish  a  copy  of  the  same  to  the  County  Engineer. 
The  County  Engineer  must  then  visit  the  sites  of  all 
proposed  new  structures  and  prepare  plans,  specifi- 
cations and  estimates  of  the  cost  for  the  same  and 
submit  them,  together  with  his  recommendation,  to 
the  County  Board  on  or  before  their  July  meeting. 
Based  upon  the  County  Engineer's  estimates  and  rec- 
ommendations, the  County  Board  must  determine  the 
amount  of  taxes  which,  in  its  judgment,  should  be 
raised  for  such  repairs  and  new  construction. 

Before  the  levies  are  finally  determined  upon,  how- 
ever, the  County  Board  must  hold  a  public  meeting 
and  hear  protests,  if  any,  against  the  levies  and  the 
bridge  and  culvert  improvements  contemplated.  The 
public  notice  of  the  hearing  must  give  the  location 
of  each  structure  which  the  board  proposes  to  build 
or  repair,  the  character  of  the  construction  or  re- 
pairs to  be  made  and  the  estimated  cost.  After  the 
termination  of  the  hearing  the  County  Board  must 
make  an  order  and  spread  the  same  upon  its  journal 
stating  the  exact  location  of  each  bridge  and  cul- 
vert to  be  constructed  or  repaired,  the  character  of 
the  construction  or  repairs  contemplated  and  the 
amount  of  money  appropriated  for  each  such  bridge 
nr   culvert. 

To  the  tax  so  determined,  an  amount  equal  to  20 
per  cent  of  the  same  must  be  added  for  a  contingent 
fund  to  reconstruct  or  repair  any  structures  which 
unforeseen  contingencies  may  make  necessary. 

The  County  Board  is  also  authorized  to  call  an 
election  at  any  time  to  vote  bonds  for  the  construc- 
tion of  one  or  more  bridges. 

The  plans  and  estimates  for  all  bridge  and  cul- 
vert work  must  be  prepared  by  the  County  Engineer, 
but  the  County  Board  may  employ  a  consulting  engi- 
neer to  act  in  conjunction  with  him  in  preparing 
plans  and  estimates  and  supervising  the  construc- 
tion. No  engineer  shall  be  employed  by  th,e  board, 
however,  to  furnish  or  prepare  plans  or  estimates 
for  any  bridge  or  culvert  work  or  to  supervise  the 
construction  of  any  such  work  who  is  in  the  employ 
of,  or  who  represents  any  bridge  company,  bridge 
firm  or  bridge  contractor. 

The  State  Highway  Engineer  must  approve  the 
plans  for  all  bridges  and  culverts  the  estimated  cost 
of  which  is  more  than  $2,000.  The  plans  for  all 
bridges  costing  less  than  this  amount  must  be  ap- 
proved by  the  County  Engineer. 

It  is  made  the  duty  of  the  County  Attorney  to  per- 
sonally examine  all  the  proceedings  of  the  County 
Board  in  the  letting  of  bridge  and  culvert  contracts 
and  no  contract  is  legal  and  binding  on  the  county 
until  he  has  approved  the  same. 

The  County  Engineer  has  direct  charge  of  all 
bridge  and  culvert  construction  and  maintenance 
work  and  whenever  he  deems  it  necessary,  he  must 
appoint,  with  the  approval  of  the  board,  a  competent 
inspector  to  supervise  the  work  and  he  can  remove 
such  inspector  at  any  time  for  cause. 

All  tovmship  highway  bills  must  be  approved  by 
the  township  road  overseer  and  all  county  highway 
bills  must  be  approved  by  the  County  Engineer  be- 
fore they  are  allowed  by  the  boards. 

The  township  road  overseer  on  the  township  road 
5;ystem  and  the  County  Engineer  on  the  county  road 
r-ystem  must  keep  an  accurate  account  on  the  forms 
prescribed  by  the  State  Highway  Commission,  of  all 
labor  and  materials  used  in  the  con.struction,  repair 
and  maintenance  of  each  and  every  bridge,  culvert 
and  mile  of  road.    For  this  purpose,  all  the  roads  are 
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divided  into  sections  and  miles  (numerical  miles). 
The  overseer  and  the  County  Engineer  must  make  a 
careful  itemized  sworn  report  of  all  highway  expendi- 
tures to  the  State   Highway   Commission   each  year. 

Heretofore  the  townships  have  kept  practically  no 
records  at  all  and  it  has  been  impossible  to  deter- 
mine the  total  amount  of  highway  funds  expended 
even  approximately  correctly. 

The  County  Engineer  is  required  to  keep  an  open 
ledger  on  each  bridge  and  culvert  in  the  county  so 
that  the  original  cost  and  the  maintenance  cost  to 
date  can  be  determined  on  any  structure  at  any  time. 
When  it  is  necessary  to  repair  these  structures  or 
decide  upon  the  materials  and  type  of  new  construc- 
tion to  be  used,  this  information  will  be  of  great 
value. 

An  act  without  a  penalty  for  violation  of  it  simply 
encumbers  the  statute  books.  The  Kansas  Legis- 
lature realized  this  and  provided  the  following  pen- 
alties for  violation  of  any  of  these  road  and  bridge 
statutes:  "That  any  person  who  shall  violate  any 
of  the  provisions  of  this  act  shall  be  deemed  guilty 
of  a  misdemeanor,  and  upon  conviction  thereof  be- 
fore any  court  of  competent  jurisdiction  shall  be 
fined  a  sum  of  not  more  than  $500,  and  shall  be  com- 
mitted to  the  county  jail  until  such  fine  and  cost  of 
prosecution  be  paid." 

"That  any  officer  who  shall  violate  any  of  the  pro- 
visions of  this  act,  or  who  shall  fail  to  perform  his 
duty  as  required  by  this  act,  shall  be  deemed  guilty 
of  a  misdemeanor  and  upon  conviction  thereof  be- 
fore any  court  of  competent  jurisdiction,  shall  be 
fined  a  sum  not  less  than  $25  nor  more  than  $1,000 
and  shall  forfeit  his  office,  and  it  shall  be  a  part  of 
the  judgment  of  the  said  court  before  whom  the  case 
is  tried  that  such  person  be  removed  from  office  and 
that  he  stand  committed  to  the  county  jail  until  the 
fine  and  costs  of  the  prosecution  are  paid." 

The  State  Highway  Commission  has  authority  to 
employ  division  engineers,  but  does  not  have  the 
necessary  funds.  The  lack  of  sufficient  appropria- 
tions to  properly  support  the  State  Highway  Com- 
mission at  this  time  is  the  worst  drawback  to  the 
Kansas  system.  The  Iowa  Highway  Commission  has 
had  liberal  appropriations  each  year  and  since  the 
new  system  was  adopted  in  1913  the  Commission  has 
maintained  five  to  six  district  engineers  in  charge 
of  the  work  in  15  to  20  counties  assisting  the  county 
engineers  and  co-operating  with  them.  States  like 
Kansas  and  Oklahoma  are  too  large  for  all  of  the 
work  to  be  handled  economically  and  to  the  best  ad- 
vantage from  one  central  office. 


Two-Course  Concrete  Road  Con- 
struction by  Wayne  County, 
Michigan 

All  of  the  concrete  roads  constructed  during  the 
year  ending  Sept.  30  by  the  Road  Commission  of 
Wayne  County,  Michigan,  with  the  exception  of  two 
emergency  roadways,  have  been  of  the  2-course  type. 
This  departure  from  the  more  recent  practice  of  the 
county  was  due  to  difficulty  in  getting  a  sufficient 
quantity  of  stone  that  met  requirements.  The  specifi- 
cations now  provide  for  Wisconsin  granite  or  trap 
rock  for  the  wearing  course  and  washed  pebbles  or 
crushed    limestone    for   the   lower   course. 

In  the  last  annual  report  of  the  Commission  the 
following  statement  regarding  the  change  is  made: 
"Other  things  being  equal  our  preference  is  for  1- 
course  work  construction,  as  the  2-course  work  is 
more  expensive  in  the  labor  items  and  in  the  cost  of 
the  coarse  aggregates  used  for  the  wearing  surface. 
However,  we  believe  that  through  the  uniformity  of 
the  quality  of  the  trap  and  granite,  we  are  justified 
in  making  the  additional  expenditure  predicated  on 
our  roads  lasting  for  a  much  longer  time. 

A  tynical  cross  section  of  the  2-course  road  is 
shown  in   Fig.  1. 

A  material  change  also  was  made  this  year  in  the 
specifications  by  which  the  width  of  the  expansion 
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joint  was  increased  from  %  in.  to  V2  in.  It  had  been 
found  in  several  instances  that  roads  6  and  7  years 
old  had  buckled  at  the  joints  and  several  slabs  had 
.-^lipped  over  the  top  of  the  adjoining  sections.  The 
width  of  the  expansion  joint  was  increased  as  a  pre- 
caution against  future  occurrences  of  this  kind. 

The   requirements   in   the   1917    specifications    for 
joints  and  concrete  are  as  follows: 

CONCRETE. 
The  proportions  for  the  bottom  course  shall  consist  of  2  parts 
cement, -4  parts  of  fine  aggregate,  and  8  parts  coarse  aggregate. 
4  in.  thick,  evenly  and  thoroughly  mixed— parts  of  cement, 
tine  aggregate,  and  coarse  aggregate,  to  be  determined  by  meas- 
urement. Aggregate  for  wearing  course  shall  consist  of:  Hard. 
tough,  durable,  crushed  granite  or  trap  rock— with  a  French  co- 
eiflcient   of   wear  of  at   least    16,    graded   in    size, 


A  1,000  Sq.  Yd.  of  Asphaltic  Concrete  Per  Day.— 

An  excellent  record  in  road  building  was  made  in 
connection  with  the  army  cantonment  near  Louis- 
ville, Ky.  This  is  one  of  the  few  military  establish- 
ments that  have  built  permanent  roads.  In  63  work- 
ing days  the  contractor  completed  63,360  sq.  yd.  of 
Trinidad  asphaltic  concrete  highway  laid  on  a  con- 
crete base,  or  about  6  miles  of  road  18  ft.  wide.  A 
mile  of  the  road  was  over  a  4-ft.  fill,  and  imme- 
diately upon  its  completion  a  traffic  count  showed 
that  4,000  vehicles  passed  over  it  within  the  first 
hour.  Most  of  these  vehicles  were  motor  trucks  and 
wagons  carrying  loads  of  from  1  to  5  tons.  The 
record  made  by  the  Bickel  Asphalt  Paving  Co.,  Louis- 
ville, Ky.,  the  contractors,  is  all  the  more  remark- 
able in  view  of  the  fact  that  it  was  necessary  to  haul 
and  crush  all  the  stone  used  on  the  work. 
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free  from  dust, 
loam,  vegetable  or  other  deleterious  matter  and  shall  contain 
no  soft,  flat  or  elongated  particles.  The  size  of  the  coarse  aggre- 
gate shall  be  such  as  to  pass,  when  dry.  a  Wt-in.  round  opening, 
and  be  retained  on  a  screen  having .  %  in.  openings.  In  no  case 
shall  the  coarse  aggregate  contain  frost  or  lumps  of  frozen  ma- 
terial. The  wearing  course  shall  be  mixed  in  the  manner  here- 
inbefore specified,  in  the  proportions  of  2  parts  cement,  3  parts 
fine  aggregate,  and  5  parts  coarse  aggregate — 3  in.  thick.  The 
wearing  course  shall  be  placed  Immediately  after  mixing,  and 
in  no  case  shall  more  than  30  minutes  elapse  between  the  time 
the  concrete  for  the  base  has  been  mixed  and  placed  and  the 
time  the  wearing  course  is  placed. 

JOINTS. 

Transverse  joints  shall  be  not  less  than  %  in.  nor  more  than 
V,  in.  in  width  and  shall  be  placed  across  the  pavement  perpen- 
dicular to  the  center  line  and  25  ft.  a  part.  When  a  curb  is 
.specified  or  where  pavement  abuts  a  building,  a  joint  Vi  in.  wide 
snail  be  placed  between  it  and  the  pavement.  All  joints  shall 
e.vtend  through  the  entire  thickness  of  the  pavement  and  shall 
be  perpendicular  to  its  surface. 

The  concrete  at  transverse  joints  shall  be  protected  with  soft 
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Steel  joint  protection  plates  which  shall  be  rigidly  anchored  to 
the  concrete.  The  installation  of  the  metal  protection  plates  shall 
meet  with  the  approval  of  the  engineer.  The  surface  edges  of 
the  metal  plates  shall  conform  to  the  finished  surface  of  the 
concrete,  as  shown  on  the  plans  attached  thereto. 

All  joints  shall  be  formed  by  inserting  during  construction 
and  leaving  in  place,  the  required  thickness  of  joint  filler  which 
shall  extend  through  the  entire  thickness  of  the  pavement. 


Paved  Crossings  for  Carrying 
Water  Over  Roads 

Paved  crossing  for  carrying  water  over  roads  are 
used  to  a  considerable  extent  in  Southwestern  states. 
The  type  employed  in  Pottawatomie  County,  Okla- 
homa, is  shown  in  the  accompanying  sketch.  In  a 
paper  presented  at  the  recent  meeting  of  the  Okla- 
homa Society  of  Engineers,  Mr.  L.  L.  Winans,  County 
Engineer  of  the  above  mentioned  county,  stated  that 
concrete  paved  crossings  were  economical  for  drain- 
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age  areas  from  20  acres  up  where  there  is  either  a 
very  small  shallow  channel  or  no  channel  at  all  and 
where  the  grade  of  the  adjacent  hills  is  less  than  5 
per  cent.  The  crossing  should  be  built  of  sufficient 
length  to  give  the  necessary  waterway  with  a  maxi- 
mum grade  of  6  per  cent  and  a  maximum  depth  of 
water  of  11/2  to  2  ft. 

In  the  Pottawatomie  County  crossings  all  concrete 
below  subgrade  in  cutoff  walls  is  a  1:21/2:5  mix;  all 
other  concrete  is  a  l:li,2:3  mix.  Contraction  joints 
of  3-ply  tarred  felt  are  placed  not  more  than  30  ft.  nor 
less  than  20  ft.  apart  and  at  right  angles  to  the  road. 


Extension  of  Time  for  Completion  of 
Highway  Contract 

In  order  to  relieve  contractors  of  responsibility  in 
the  event  they  are  unable  to  obtain  delivery  of  road 
material  on  account  of  Priority  Order  No.  2  forbid- 
ding the  use  of  gondola  cars  for  shipment  of  stone, 
gravel,  etc.,  the  State  Highway  Department  of  Penn- 
sylvania appends  the  following  note  to  its  proposal 
sheets : 

In  the  event  of  the  contractor  being  unable  to  complete  the 
contract  within  the  time  specified,  due  to  his  inability  to  secure 
labor  or  material,  or  on  account  of  conditions  over  which  he  has 
no  control,  the  commissioner  will,  upon  satisfactory  proof  thereof, 
grant  an  extention  of  time  commensurate  with  the  facts  estab- 
lished. 


The  Commissioners  of  Sacramento  County,  Cali- 
fornia, are  calling  for  bids  for  constructing  13  miles 
of  concrete  paved  highway. 
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Need  of  Centralization  in  High- 
way Control 

An  interesting  discussion  of  the  importance  of  a 
central  control  of  highway  work  was  given  by  Mr. 
Logan  Waller  Page,  Director  of  U.  S.  Office  of  Public 
Roads  and  Rural  Engineering,  in  an  article  in  the 
first  issue  of  Kansas  Highways,  the  official  publica- 
tion of  the  Kansas  State  Highway  Department.  Mr. 
Page's  article  follows. 

The  State  of  Kansas  has  111,000  miles  of  public 
roads,  on  which  were  expended  last  year  nearly 
$6,000,000.  How  much  of  this  expenditure  gave  the 
state  100  per  cent  returns  in  improved  transportation 
we  do  not  know.  One  thing,  however,  is  certain,  no 
engineer  or  business  man  in  the  world,  if  given  this 
sum  of  money  with  which  to  maintain  this  mileage, 
would  begin  by  creating  105  absolutely  independent 
and  unattached  administrative  divisions,  and  then  still 
further  divide  these  in  the  manner  in  which  the  high- 
way administration  has  in  the  past  been  divided  in 
Kansas. 

Road  improvement  is  a  public  undertaking,  the  wis- 
dom of  which  must  be  measured  by  the  resulting 
benefits.  Not  all  road  improvements  pay  dividends. 
If  they  did  there  would  not  be  the  crying  need  for 
more  eflicient  administration,  skilled  supervision  and 
scientific  procedure  in  all  lines  of  road  work.  A  com- 
munity can  pay  too  much  for  a  road  improvement  in 
the  same  way  that  a  prospective  farmer  can  pay  too 
much  for  a  farm.  Furthermore,  a  farmer  may,  through 
ignorance  or  carelessness,  purchase  a  farm  entirely 
unsuited  to  the  kind  of  agriculture  he  wishes  to  carry 
on.  In  the  same  way  a  community  may  adopt  a  type 
of  road  improvement  entirely  unsuited  to  the  particu- 
lar traffic  requirements. 

A  road  improvement,  to  be  justifiable,  must  give 
reasonable  promise  of  returning,  in  social  and  eco- 
nomic benefits,  an  annual  return  at  least  equal  to  the 
sum  of  the  interest,  depreciation,  and  maintenance 
charges  over  and  above  those  on  the  old  road.  It  is 
therefore  plain  that  over-investment,  as  well  as  under- 
investment, is  possible  in  regard  to  road  matters, 
much  the  same  as  in  ordinary  business  undertakings. 
The  amount  which,  therefore,  can  be  and  ordinarily 
should  be  invested  in  the  improvement  of  any  given 
road  is  that  sum  which  will  give  the  largest  net  an- 
nual returns  in  social  and  economic  benefits  during 
the  period  which  may  be  considered  as  the  most  prob- 
able life  of  the  improvement. 

The  basic  proposition  upon  which  our  road  build- 
ing and  maintenance  must  ultimately  rest  is  that  the 
character  of  the  road  and  the  amount  of  money  ex- 
pended for  its  construction  and  maintenance  must  be 
determined  by  the  service  which  the  road  renders. 
For  example,  it  may  be  genuine  economy  to  allow  an 
annual  cost  outlay  or  charge  on  one  road  of  $2,000 
per  mile,  and  only  $100  per  mile  on  another,  because 
in  the  former  case  the  service  rendered  may  be  twenty 
times  the  service  rendered  in  the  latter  case.  The 
proper  and  systematic  classification  of  our  roads  in 
regard  to  the  character  and  amount  of  the  traffic 
which  they  carry  has  hardly  been  more  than  begun 
as  yet,  even  in  our  most  progressive  States.  Before 
undertaking  any  general  scheme  of  road  improvement 
it  is  the  duty  of  the  State,  as  well  as  local  subdivis- 
ions, to  make  such  traffic  studies  as  will  determine 
a  proper  highway  system,  the  order  in  which  they 
should  be  improved,  and  the  character  of  construc- 
tion and  maintenance  best  adapted  to  properly  and 
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most   economically  meet  the   traffic   requirements   of  PrOOOSed  Mcthod  for  Maintaining 

In  the  State  of  Kansas  it  is  probable  that  about  20  ^  CoUnty  Road  _  Sy  StCm 

per  cent  of  the  total  road  mileage  of  the  State  car-  A  combination  of  patrol  system,  convict  labor  and 
ries  at  least  75  per  cent  of  the  traffic,  and  that  about  district  gangs  for  maintaining  the  road  system  of 
7  or  8  per  cent  carries  at  least  50  per  cent  of  the  total  Dallas  County,  Texas,  has  been  recommended  by  J. 
traffic.  In  fact,  the  traffic  volume  and  its  source  and  F.  Witt,  County  Engineer,  in  a  report  to  the  County 
distribution  on  our  public  roads  may  be  compared  Commissioners.  The  plan  calls  for  the  maintenance 
with  the  run-off  from  the  drainage  area  of  a  river  of  600  miles  of  gravel  surfaced  roads  and  800  miles 
system.  Rills,  creeks,  branches  and  main  streams  of  °^  dirt  roads,  divided  into  four  districts.  The  total 
the  river  system  find  their  counterpart  in  byroads,  income  from  the  road  and  bridge  tax  for  this  work 
neighborhood  roads,  feeders,  main  roads  and  trunk-  '«  ^200,000  or  $50,000  for  each  district, 
line  roads  of  a  highwav  system.  Each  of  these  sev-  Under  Mr.  Witt's  plan  it  is  contemplated  that  the 
eral  parts  are  definitely  interrelated  and  plays  its  200  miles  of  dirt  roads  would  be  maintained  by  con- 
special  part  in  the  functioning  of  the  whole  system,  ^'^t  labor.  For  this  work  for  each  district  the  neces- 
.  .,  ^,  .  •  i,  11  r  •  i  i  «:„  sary  expense  is  estimated  to  be: 
Like  the  water  in  the  rills  of  a  river  system,  traffic  ^             ^^                        ,                                            ,  o  .„,  „„ 

,,...„  ^  ,  ,,  For  convict  camp  expense  for  one  year $  8,500.00 

first  gathers  in  small  or  insignificant  volume  on  the      Bridge  lumber  for  one  year 2.000.00 

,         ,  J  r      J  J  <.u«         _„,],, nil,.  ,,»,;  +  ;««.  nnA        Road  graders,   drags,   fresnos,   plows,   repairs,  etc 1,000.00 

local  roads  or  feeders,  and  then  gradually  uniting  ana  o  ,       e.  .  f  v      .  L___ 

increasing  in  volume,  flows  towards  its  outlet  or  desti-  ''"°*^'  $11,500.00 

nation.  Deducting    this    $11,500    from    the    $50,000    would 

TT         V.                ii,           1                   „f    „  „+..;^,v,„  riif  leave  the  sum  of  $38,500  for  use  on  the  150  miles  of 

Here,  however,  the  analogy  presents  a  striking  dii-  *       j         j         V.-  V      ■                          1                        ^ 

.                 iiru            •               '=-'1                           „,,+„„,„+  surfaced   roads,   which   gives   a   general    average    of 

ference.    Whereas  in  a  river  system  the  flow  automat-  '                 ^        eoo I-aa          1^  v, 

•     11      J       1              1         •   4-   ■       •+„  „v,„„r,„i    +v,Q  T>o=o  $2o6  per  mile  per  year.   This  $38,500  would  be  appor- 

ically  develops  and  maintains  its  channel,  the  pass-  J.       ^               .^    /            ^  ,, 

1     ~            ,,      ,  .   ,            „     ,.„„    ■      „^j„„  +„  flr,-.ir  tioned  approximately  as  follows: 

ing  traffic   on  the   highway  system,  in   order  to  now  ^^                  •'                                                .,„„„„ 

.         ,  .     ,  ..f.    .     ,1  „    1      „„j  j5  miles  at  $600  per  mile  per  year $15,000.00 

freely,   must   have   a  way   artificially    prepaied    ana       .-5  miles  at  $3oo  per  mile  per  year 7,500.00 

maintained  for  it.     Moreover,  to  be  efficient,  each  of      i^o  miles  at  $i60  per  mile  per  year is.ooo.oo 

the  roads  in  a  highway  system  must  conform  in  loca-  Total  $3S.50o.oo 

tion,  improvement  and  maintenance  to  its  own  par-  xhe  above  total  would  cover  the  organization  out- 

ticular  traffic   requirements  and  physical   conditions.  lined  as  follows: 

This   absolutely   requires   some   definite   State-wide   au-  General  .superintendent  of  maintenance  and  auto  at  $150 

tViAritv    fr,r    rn-ArHinntin o-    the    various    narts        In    the  per  month,  or  $1,800  per  year,  or per  district. $      450.00 

tnority    lOr    CO  orainaung    ine    Vdiiuus    pdits.       m    luc        j^gguia^^   district   supervisor   at   $125    per   month 1.500.00 

past   we    have   tried   every    conceivable   form   of   Unlim-  District  gang,  S  teams.  250  days  per  year  at  $4  per  day 

ited  local  control  without  success.  By  a  slow  process  Lumber^%™r '  brVdgmg.'  .'.■.■::.■:::;:.■.■::'.:::.■.■.■.";:::;:::.■::::  I'.m.oo 

of  elimination,  trial  and  experience  in  various  States      one  auto  trucic  and  trailer 1.250.00 

1              J-          J    i.1.    i    iu             1          t-„„i    „„i„f;„„    ;„    o  Note. — The    auto    truck   and    trailer   would    cost    $5,000, 

we  have  found  that  the  only  practical  solution  is  a  ^,,,ich  would  le  $1,250  for  one  district. 

State  highway  department  with  sufficient  powers  and  '^^^fo']^^?  2av!'$£50ofone"dis?Hcr.*' .''.?'!!".■. .l'!'.!^.^.^^^*      625.00 

resources  to  co-ordinate  the  road  work  of  the  entire      sceam  or  gasoline  roller.  100  days  at  $16  per  day i.oooioo 

^.     ,  Iz  road  keepers  at  $85  each  per  month 12,240.00 

State.  E,.>;tra  teams  on  grader,  with  road  keeper 2,000.00 

_,        ,       .  .  ^  ii        T        •    1    i  f   j-u      cii-    *„    „#        Local  gravel.   14,400  cu.  yd.  at  25  ct 3,600.00 

The  last  session  of  the  Legislature  of  the  b>tate  ot      shipped  gravel.  :;.uuu  cu.  yd.,  at  $i 2.000.00 

TCnnsas  rrpaipd  such  a  State  hiffhwav  denartment      Be-  Crushed  stone,  including  screening.  1,000  cu.  yd.,  at  $1.75     1,750.00 

ivansas  createa  SUCn  a  Oiate  nignwd.v   uepai  liuchi..      uc  Bituminous  top,  26,400  gal.,  at  10  ct 2,640.00 

cause  of  certain  constitutional  restrictions  which  re- — 

main    as    yet  unamended,  the  activity  of  this  depart-      Difference   ^^^'ilsioo 

ment,   as   compared  with  that  of  some  of  our  other  ^^^_^^  $3850ooo 

States,  must  of  necessity  be  somewhat  circumscribed.  Available." $38,500. 

The  powers  and  duties  with  which  it  is  endowed  are.  The  General  Superintendent,  who  would  be  a  man 

however,  sufficiently  broad  to  insure  a  real  success.  skilled  in  the  maintenance  of  roads,  would  cover  the 

I,  therefore,  most  earnestly  advise  all  the  county  and  600  miles  of  surfaced  roads  in  the  county  every  6  to 

township  officials  to  make  the  fullest  use  possible  of  10  days.   He  would  be  directly  responsible  to  and  would 

their  State  highway  department.     The   real  measure  be  governed  by  the  Commissioners'  Court.    He  would 

of  success  of  the  State  highway  department,  measured  gee  each  man  on  the  work  at  least  once  in  10  days 

in  terms  of  better  roads  and  improved  transportation  an^j  would  be  able  to  instruct  every  man  in  his  jur- 

conditions,  will  be  found,  not  in  the  isolated  action  isdiction   as  to  the  method  to  pursue  to   obtain  the 

of  the  State  highway  department,  but  in  the  use  which  ^gst   results.     He  would  have  full  power  to  employ 

the  county  and  township  officials  and  the  people  at  qi-   discharge   the    roadkeepers,    men    in    the    8-team 

large  of  Kansas  make  of  their  State  highway  depart-  gang,  or  with  the  truck  or  roller;  without  this  power 

ment.  his  efficiency  would  be  reduced  materially. 

By   employing   a   general    superintendent,   methods 

Road   Bond   Issues  by  Texas  Counties. — A  number  of  maintenance  would  be  standardized,  enabling  each 

of  counties  in  Texas  have  recently  voted  bond  issues  Commissioner's    District   to    receive   a   direct   benefit 

for   road   purposes.      Among   these   counties   are   the  from  the  general   system.    The   regular  District   Su- 

following:     Hunt  County,  $30,000  for  road  in  White  pervisor  could  proceed  with  his  duties  as  at  present 

Rock  Precinct;  Dickens  County,  $400,000;   Freestone  and  could  advise  with,  but  he  would  not  in  any  way 

County,  $50,000  for  Road  District  No.  8,  and  $20,000  interfere  with  the  authority  of  the  general  superin- 

for  Road  District  No.  2;   Titus   County,   $50,000  for  tendent. 

Cooperville  District;  Nolan  County,  $100,000;  Ander-  The  district  gang,  consisting  of  8  teams  and  driv- 

son  County,  $50,000  for  Frankston  Precinct  and  $40,-  ers,  would  haul  all  material  to  the  road,  depositing 

000  for  Cayuga  District.     Bond  issues  are  to  be  held  the   same   at   convenient   places   along  the    roadside, 

shortly  in  the  following  counties:    Callahan  County,  thus  allowing  the  regular  keeper  to  work  on  the  road 

Dec    21,  $100,000;   Fisher  County,   $250,000.  proper  at  all  times.    They  would  do  all  heavy  work, 

(119) 


464 


EXC.IXEERIXG    AND    CoXTRACTIXC 


\'ol.  48,  No.  23. 


keep  all  unloading  bins  filled  with  gravel,  or  crushed  Road     Work     Oil  the  PuilltlVe  Ex- 

stone,  and  patrol  at  intervals  the  50  miles  of  roads  j-.*.-           '^-t-^  IV/T^^J^z-v 

that   other   keepers   are   not   provided   for.     This   50  peaitlOIl  llltO  iVieXlCO 

miles  will  be  the  lightest  traffic  carrying  roads  in  the  xhe  route  used  for  the  supply  of  the  Pershing  puni- 
district.  tive  expedition  into  Mexico  was  probably  the  first  nat- 
The  automobile  truck  is  considered  essential  on  ^^al  road  of  such  length  that  was  ever  subjected  to 
long  hauls.  ■  Trap  bins  would  be  erected  at  proper  motor  truck  traffic  on  a  large  scale.  In  the  November- 
location — these  bins  to  be  kept  filled  with  gravel  by  December  Professional  Memoirs,  Capt.  Ernest  Graves, 
the  8-team  outfit.  Economy  would  demand  that  the  u.  S.  Corps  of  Engineers,  describes  the  methods  that 
truck  be  moving  practically  at  all  times.  The  truck  were  used  in  keeping  this  road  passable  for  the  trucks, 
should  be  of  the  broad  steel  tire  type,  tires  on  the  Extracts  from  Capt.  Graves'  paper  follow, 
rear  wheels  to  be  not  less  than  15  in.  in  width.  The  ^phe  supply  of  the  military  force  was  accomplished 
broad  tires  could  act  as  a  roller  to  compact  all  by  means  of  truck  trains  and  wagon  trains  and  by 
patches  as  they  were  placed.  They  would  also  mini-  means  of  shipments  on  the  railroad  from  Juarez,  Mex- 
mize  the  load  per  square  inch  as  applied  to  the  road  j^q,  to  Colonia  Dublan,  Mexico.  Only  two  or  three 
surface,  prohibiting  unnecessary  ware  by  a  machine  wagon  trains  were  used,  while  10  or  15  truck  trains 
that  is  intended  to  improve  the  road  instead  of  wear-  were  constantly  used.  It  is  estimated  that  at  least 
ing  it  away.  The  original  cost  of  the  truck  and  trailer  ^^  average  of  one  truck  train  (consisting  of  about 
is  divided  between  the  four  districts.  30  trucks)  a  day  passed  over  each  point  in  the  road 
All  road  building  material  would  be  purchased  g^^jj  way,  making  about  60  trucks  over  any  one  point 
by  the  Commissioner's  Court  in  quantity  sufficient  to  pgj.  ^jay.  The  trucks  used  were  of  many  types,  vary- 
get  the  best  prices  and  on  a  competitive  bid  basis  j^g  j^  capacity  from  l^/-'  tons  to  4  tons.  However, 
when  practical.  after  the  first  stages  of  the  expedition,  lV2-ton  trucks 
Roadmakers  (patrols),  would  be  placed  as  fol-  were  the  ones  used  mostly.  This  means  that  the  road 
lows:  On  the  heavy  traffic  roads  near  the  city,  five  was  subjected  to  traffic  which  produced  a  wheel  pres- 
keepers  at  5  miles  each,  25  miles.  For  the  next  im-  gu^e  of  from  ^4  ton  to  probably  about  2  tons.  Of 
portant  roads,  three  keepers  at  8  1/3  miles  each,  25  course,  this  traffic  made  the  road  work  exceedingly 
miles.     For  the   light  traffic   roads,   four  keepers   at  difficult. 

12V2  miles  each,  50  miles,  or  a  total  of  100  miles.   The  ^phe   route   over  which  the  supplies    were    carried 

other  50  miles  of  light  traffic  roads  are  to  be  patrolled  varied  a  good  deal.     One  road  was  used  until  worn 

at  intervals  by  members  of  the  8-team  squad,  as  here-  gyt   and   then   traffic   was   shifted   to   another.     This 

tofore  set  out.     By  having  the  material  for  patching  shifting  was  both  general  and  local.     Practically  the 

and  surfacing  the  roads  placed  at  convenient  places  entire  road  to  El  Valle  (180  miles)  was  changed  and 

along  the  roadside,  the  keeper  would  be  on  the  road  local  changes  were  made  where  bad  spots  developed, 

proper  at  all  times,  and  as  elsewhere  noted  he  would  ^he   road  first   used  consisted  of    a    natural  trail, 

have  an  extra  team  available  when  necessary  for  use  which  generally  followed  a  level  plain  in  a  river  val- 

on  the  grader  or  drag.    The  roadkeeper  would  wear  igy_   j^y^  ^^  several   places  passed  through  mountain 

a  distinct  type  of  hat  of  uniform  color  and  should  passes  from  one  plain  to   another.     At   some   places 

have  a  flag  or  other  marker  of  the  same  color  to  be  ^j^g  (.^3;!  ^^n  through  the  mountains  for  distances  of 

displayed  on  the  road  side  when  he  leaves  the  road  f  j-om  30  to  35  miles.    This  route  was  first  used.    Later, 

for  any  purpose.    This  marker  would  inform  the  gen-  when    it   became   evident  that  the   expedition   would 

eral  superintendent  when  on  his  rounds  of  the  keeper's  remain  in  Mexico  during  the  rainy  season,  the  route 

location,    insuring   the    superintendent     seeing    each  ^^.^g  changed, 

keeper  on  every  trip  he  makes.  Both  of  the  routes  passed  through  a  route  devoid 

of  timber.     There  was  absolutely  nothing  that  could 

Cost   of  Tarvia  Treatment   at   Queen  Vic-  be  used  for  bridges;  i.  e.,  nothing  that  would  last  any 
...                T^    n       n      I    c      <-   .^  length  of  time.     Most  of  the  stream  beds  were  dry 
tona,  Niagara  Falls,  Fark  System  ^^^  greater  part  of  the  time,  and  generally  no  cross- 
About  28,000  sq.  yd.  of  the  Niagara  River  Boulevard  ings  were  necessary  because  the  arroyos  never  had 
in  the  Queen  Victoria  Niagara  Falls  Park  System,  On-  water  in  them  for  more  than  a  few  hours  at  a  time, 
tario,  were  given  a  surface  treatment  with  tarvia  A  The  exceptions  to  this  were  the  Casas  Grandes  River, 
in  September,  1916.    The  cost  of  the  work  was  6.6  ct.  the  Santa  Maria  River,  and  irrigation  ditches  in  the 
per  square  yard,  according  to  the  last  annual  report  towns.     Even  these  rivers  were  fordable,  except  dur- 
of  the  Park  Commission.    The  average  haul  was  l^-  ing  parts  of  the  rainy  season. 

miles,  and  the  surface  treated  was   18  ft.  wide  and  When  the  new  route  was  first  decided  upon  it  was 

14,000  ft.  long.     About  V4  gal.  of  tarvia  was  applied  not  known  just  how  much  work  could  be  completed 

per  square  yard  of  surface.     The    detailed    cost    of  before  rain,  so  different  expedients  appeared  advisa- 

treatment  was  as  follows:  ble   in  different  localities.     From  Columbus  to  Vado 

Labor                                                       Total.       Per  sq.  yd.  Fusiles  (19  miles)  there  was  already  a  trail,  but  as  it 

'^^I3]n"g=and-iprearn'g-  .stone: :;;.;::.;;;;;;:    Ms?            ^^il  passed  over  flat  undrained  country  it  appeared  best  to 

Sweeping  and  brushing  roadway 29               .10  place  the  road  on  an  old  railroad  grade  which  had 

pfsmbutiSr'ami'romng: :.::.■ :::::: :::::.:::        "?               :io  been   in  existence  for  years.     This  grade  had  to  be 

•■Miscellaneous   24            M  patched  in  places,  and  Small  bridges  and  culverts  had 

Total  J   543            $1.94  to  be  put  in.     From  Vado  Fusiles  south  for  about  16 

%  i^^stonl'ckips.  34S  tons  at  $1.10 $  383            $1.37  miles  an  existing  trail  passed  over  a  flat  country  which 

pShtVi5""ca?'serl-iie  lis' •••:::;•■::::        111              ^is  was  not  drained,  and  which  required  grading.     Then 

Coal,  19.7  tons  at  $7 13S           M  it  went  through  some  hilly  Country  in  which  drainage 

Total  $i.30s            $4.66  was  Comparatively  easy.     From  these  hills  the  exist- 

Teams  were  paid  for  at  rate  of  45  ct.  per  hour;  la-  ing  trail  passed  down  into  the  flat  country  contain- 

borers  received  20  ct.  per  hour  and  foremen   30  ct.  ing  Ascencion,  Ojo  Federico,  and  some  lakes.     This 

per  hour  trail  was  used  for  a  while,  but  later  a  road  was  lo- 
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cated  on  new  ground  along  sloping  hillsides.  It  went 
around  the  flat  country,  and  came  to  the  existing  trail 
near  Ojo  Federico.  This  new  road  had  to  be  cleared 
of  mesquite.  In  it  there  were  long  stretches  of  fine 
sand  which  were  almost  impassable  for  trucks  in  dry 
weather. 

From  Ojo  Federico  the  road  followed  the  existing 
trail  to  Capuchin  Pass,  from  which  point  it  left  the 
old  road  and  followed  the  sloping  hillsides,  to  the 
eastward,  to  Corralitos  Station.  A  portion  of  this 
stretch  had  to  be  cleared  of  mesquite.  From  Corrali- 
tos Station  a  new  road  was  made  to  Dublin,  alongside 
of  the  railroad. 

At  first  it  was  not  expected  that  grading  would  be 
done  all  along  this  route.  In  fact,  south  of  Ojo  Fede- 
rico no  new  route  was  laid  out.  The  existing  trail 
for  about  24  miles  north  of  Dublan  followed  the  Casas 
Grandes  River,  and  was  flat  and  undrained.  Since  it 
did  not  seem  possible  that  grading  could  be  accom- 
plished here  and  since  the  road  would  most  certainly 
be  muddy,  something  had  to  be  done.  So  a  battalion 
of  the  24th  Infantry  with  hired  native  teams  went  to 
work  to  put  gravel  on  the  existing  trails,  which  had 
already  worn  into  two  deep  ruts.  Gravel  was  hauled 
from  the  river  bed,  which  was  almost  dry.  Before  it 
was  possible  to  start  the  new  grade  in  this  section 
the  24th  Infantry  had  put  4  in.  of  gravel  on  this  en- 
tire section.  The  gravel  did  not  pack  readily,  and  was 
used  by  trucks  only  when  they  were  forced  to  it.  It 
came  into  use  again  after  the  rainy  season. 

Finally,  all  of  the  route  and  in  addition  10  miles 
south  of  Dublan  (total  130  miles)  had  to  be  graded. 
Even  the  railroad  grade  from  Columbus  to  Vado  had 
to  be  graded  in  places.  In  grading  no  attempt  was 
made  to  follow  the  existing  trail,  even  when  it  was 
close  by.  A  new  line  was  laid  out  which  was  made 
as  nearly  straight  as  possible,  and  the  least  possible 
number  of  changes  in  direction  were  made.  The  ma- 
chines used  could  work  to  much  better  advantage  in 
straight  lines,  and  maintenance  of  straight  lines  was 
easier.  The  road  in  places  would  be  straight  for  a 
length  as  great  as  15  miles. 

At  first  several  different  kinds  of  graders  and 
tractors  were  used.  In  places  scrapers  were  used. 
Steam  rollers  were  tried  on  the  grade  before  wet 
weather  and  after  wet  weather.  All  of  the  tractors 
tried  proved  too  frail  and  of  little  use,  except  the 
caterpillar  tractor.  Small  (6-ft.  blade)  graders  could 
be  used  with  tractors,  with  trucks,  or  with  teams.  The 
large  (12-ft.  blade)  graders  pulled  by  a  caterpillar 
tractor  proved  to  be  the  thing  to  use. 

The  work  of  grading,  when  finally  unsuitable  ma- 
chines were  discarded,  was  done  simultaneously  in 
the  three  sections  by  the  three  companies,  "E"  Co. 
had  2  tractors  in  the  vicinity  of  Vado,  "G"  Co.  had 
moved  to  Ojo  Federico  and  had  3  tractors  in  that  vi- 
cinity, and  "H"  Co.  had  moved  to  Dublan  and  had  1 
tractor  in  that  vicinity. 

The  grading  work  was  done  both  in  the  vicinity  of 
water  and  far  from  it.  Since  the  machines  used  gaso- 
line and  required  only  a  few  men  to  operate,  the  water 
supply  question  was  not  exceedingly  difficult.  Long 
stretches  (25  miles,  for  instance),  were  graded,  water 
for  the  men  being  carried  by  trucks.  Three  graders 
could  start  out  with  crews  and  4  Jeffery  trucks  could 
follow  along  and  bring  enough  camp  equipage,  gaso- 
line, water,  etc.,  for  the  crews.  Water  could  be  car- 
ried in  a  tank  wagon  towed  by  a  Jeffery  truck.  When 
supplies  gave  out,  trucks  could  be  sent  for  them. 

In  grading  a  long  stretch  it  was  very  essential  to 
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economy  in  work  and  time,  that  there  should  be  a 
minimum  movement  of  tractors  when  not  actually 
grading.  It  was  unnecessary  to  Jose  time  moving 
back  and  forth  from  camp,  if  the  place  where  tractors 
would  be  at  night  was  carefully  computed  in  advance, 
so  the  camp  could  be  located  there.  Usually  the  grad- 
ing did  not  stop  until  dark,  so  camp  and  food  must  be 
provided  for  the  crew  when  it  arrived.  Of  course, 
the  machines  had  to  be  in  camp  at  night  where  the 
guard  could  keep  them  from  being  tampered  with. 
On  one  occasion  a  tractor  was  left  out  over  night  and 
the  next  morning  it  had  been  disabled  by  some  med- 
dler. 

A  gasoline  caterpillar  pulling  a  large  (12-ft.  blade) 
grader  could  grade  as  much  as  2  or  2V2  miles  of  road 
per  day,  provided  there  was  no  mishaps.  Apparently 
the  most  important  thing  that  a  novice  could  look  out 
for  to  prevent  a  breakdown  was  lubrication.  If  the 
machines  were  kept  properly  oiled,  they  were  likely 
to  keep  running.  They  were  operated  by  both  civil- 
ians and  by  soldiers,  whichever  were  available.  One 
had  to  try  anybody  who  said  he  could  do  it.  Of  course, 
one  machine  rarely  graded  2  miles  a  day.  Mud,  sand, 
breakdowns,  etc.,  frequently  prevented  any  progress 
at  all  in  one  day.  On  one  occasion  Lieutenant  Som- 
ervell graded  from  Capuchin  Pass  to  Corralitos  Sta- 
tion (about  22  miles)  in  five  days  with  two  graders, 
each  being  pulled  by  a  tractor. 

The  12-ton  Holt  tractors,  which  proved  the  most 
successful  of  any  tractor  used  on  the  road  work,  have 
a  bearing  pressure  on  the  ground  of  about  7  lb.  per 
square  inch.  These  machines  will  pull  a  load  through 
mud  or  sand  in  almost  any  condition.  However,  even 
these  tractors  encountered  places  where  they  would 
not  work.  On  one  occasion,  a  tractor  pulling  a  grader 
just  south  of  Dublan  simply  sank  down  in  the  mud 
and  could  not  get  out.  A  little  ingenuity  often  could 
save  much  time.  On  the  occasion  referred  to,  after 
an  entire  half  day  had  been  spent  in  moving  about 
400  yd.,  it  was  found  that  the  muddy  places  could  be 
gotten  over  as  follows:  Fasten  the  grader  close  up 
to  the  tractor  and  grade,  watching  the  tractor  cater- 
pillar wheels  closely.  Just  the  second  that  these 
wheels  begin  to  slide  on  the  soft  ground,  stop  before 
sinking  begins  and  unchain  the  grader.  Without  the 
load  the  tractor  will  go  over  the  soft  spot.  Then 
fasten  the  chain  extended  and  proceed  with  the  grad- 
ing until  grader  is  across  the  soft  spot,  when  grader 
can  be  chained  on  again,  close  up.  The  time  lost 
changing  chain  connections  will  be  nil  compared  to 
that  lost  by  getting  tractor  down  in  mud.  Frequently, 
grading  can  be  done  with  a  long  chain  which  allows 
grader  to  be  steered  where  desired  without  tractor 
having  to  go  directly  in  front  over  soft  ground. 

Care  should  be  taken  not  to  make  the  crown  too 
high,  so  that  there  is  too  much  freshly  cut  earth  to 
pack.  The  lower  the  crown,  provided  it  drains,  the 
quicker  will  it  bear  traffic.  It  is  necessary  that  a  dirt 
road  be  this  width  for  trucks  to  stay  on  it  and  not  to 
ruin  it  the  first  time  they  go  on  it.  On  any  narrower 
grade  the  trucks  will  be  continually  sliding  off,  and, 
in  addition  they  will  push  the  graded  material  into 
the  ditches. 

This  grade  can  be  put  up  by  7  or  9  cuts  with  a  12- 
ft.  grader.  This  is  done  by  two  cuts  to  make  each 
ditch,  one  cut  on  each  side  throwing  material  to  the 
center,  and  one  trip  down  the  center  scraping  the  top 
smooth,  total  seven  trips.  If  the  width  is  not  care- 
fully made  or  if  the  work  is  not  carefully  done,  two 
more  trips  (one  on  each  side),  are  necessary  to  throw 
earth  to  the  center.     This  method  works  in  soil  com- 
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paratively  soft  and  firm.     Harder  materials,  as  well 
as  muddy  materials,  require  more  work. 

The  graded  road  to  Dublan  was  finished  about  Aug. 
5,  just  before  any  heavy  rains  occurred.  Later,  after 
the  road  became  impassable  farther  south  the  road 
was  graded  about  10  miles  south  of  Dublan. 

South  of  this  grade  the  road  ran  on  hilly  ground  to 
El  Valle  (about  50  miles),  and  no  attempt  to  grade 
was  made.  This  road  had  been  selected  with  a  view 
to  travel  in  rainy  weather  and  was  well  drained.  Long 
stretches  of  it  were  originally  on  unbroken  ground 
which  was  soft  at  first,  but  developed  into  a  pretty 
fair  road  when  traveled  over  after  moistened  by  rain. 
Of  course,  there  were  many  arroyd  crossings  which 
had  to  be  sloped  and  paved  because  of  lack  of  bridge 
material.  Places  had  to  be  crossed  which  required  a 
continuous  paving  of  2-man  stone. 

At  San  Joaquin,  the  San  Joaquin  River  (dry  most  of 
the  year)  had  to  be  crossed  by  sloping  the  banks  and 
paving  the  bottom.  Once  or  twice  after  heavy  rains 
this  crossing  developed  into  an  impassable  ford. 

On  the  whole,  the  road  south  of  the  grade  to  El 
Valle  was  very  good  during  the  rainy  season.  In  dry 
weather  it  got  dusty  and  rough. 

At  El  Valle  the  Santa  Maria  River  was  crossed  by  a 
trestle  bridge  about  150  ft.  long  and  a  rock  causeway 
about  1,000  feet  long. 

South  of  El  Valle  the  road  ran  through  hills  and 
mountains  all  the  way  to  Namiquipa,  about  60  miles. 
There  were  many  arroyo  crossings,  both  large  and 
small.     It  appeared  fairly  certain  that  these  arroyos 
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Cross  Section   of  Road. 

could  not  remain  impassable  for  more  than  a  few 
hours  at  a  time,  so  no  bridges  were  absolutely  neces- 
sary. Whatever  the  necessity,  no  material  for  bridges 
could  be  obtained.  The  road  in  this  section  could  be 
fixed  for  rainy  weather,  because  there  was  rock  and 
gravel  close  by  any  locality  that  needed  it.  The  steep 
rocky  hills  would,  of  course,  be  better  with  occasional 
rains  than  in  dry  weather.  So  when  orders  were  re- 
ceived to  prepare  the  road  for  the  rainy  season,  gangs 
of  native  wagons  were  put  to  work  placing  stone  and 
gravel  on  the  stretches  where  water  would  produce 
mud. 

In  places  where  water  was  near  by  the  proposition 
was  fairly  simple,  although  the  load  that  a  native 
wagon  would  carry  was  ridiculously  small.  The 
mules,  which  pulled  the  wagons  in  teams  varying  from 
4  to  6,  were  small,  lean,  poorly  fed,  and  in  many  cases 
crippled.  The  wagons  were  generally  almost  in  a 
state  of  collapse.  If  the  team  and  wagon  could  carry 
a  load  varying  from  V2  to  %  yd.  on  level  ground,  fre- 
quently the  pull  out  of  a  stream  bed  where  gravel  was 
obtained  would  make  the  loads  actually  hauled  even 
less.  The  cost  of  such  work  at  $5  per  team  per  day 
was  too  large  to  allow  anyone  to  keep  track  of  it. 

However,  the  proposition  in  all  the  stretches  of 
southern  section  was  not  so  simple.  There  were 
length  8  to  10  miles  long  in  which  no  water  could  be 
found  for  men  or  animals.  The  only  possible  solution 
was  to  camp  the  men  and  haul  water  to  them.  Trucks 
could  not  be  gotten  in  sufficient  numbers  to  haul 
gravel,  but  a  few  trucks  were  available  for  hauling 


water.  The  teams  simply  had  to  make  the  trip  from 
water  to  work  and  back  each  day.  Just  as  this 
scheme  was  about  to  be  put  into  effect  it  came  near 
being  completely  blocked,  because  36  water  cans  could 
not  be  gotten.  In  the  early  part  of  June  all  troops 
were  moved  north  to  El  Valle,  so  this  work  stopped 
after  it  had  been  gotten  sufficiently  in  hand  for  it  to 
be  evident  that  the  necessary  result  could  be  accom- 
plished. 

After  the  road  had  been  graded  all  the  way  to  south 
of  Dublan,  and  before  there  had  been  any  rain  to 
speak  of,  it  had  been  run  over  in  places  by  the  trucks, 
but  generally  they  had  not  gone  on  it.  Where  trucks 
had  been  on  it,  it  was  simply  a  pile  of  fine  dust.  A 
truck  could  hardly  get  out,  if  it  got  into  this  soft  ma- 
terial. Most  of  the  road  was  a  pile  of  loose  dirt,  and 
no  truck  had  gone  on  it.  Practically  everyone  thought 
the  grade  would  never  be  used.  It  appeared  that  truck 
trains  would  never  run  on  it  enough  to  pack  it,  and  it 
was  feared  that  unpacked  it  would  be  very  muddy 
when  wet.  Finally,  the  commanding  general  ordered 
a  train  to  travel  the  grade  from  Dublan  to  Columbus. 
This  train  packed  a  rut  in  the  soft  grade,  and  another 
train  soon  followed  in  this  rut,  having  been  driven 
off  the  old  trail  by  mud.  After  this,  rain  drove  all 
traffic  from  the  old  trail  to  the  grade. 

Water  soon  changed  the  pile  of  dust  into  an  elevated 
strip,  which  after  rains  was  the  first  place  to  be  pass- 
able. Of  course,  a  dirt  grade  when  wet  is  cut  by 
traffic,  and  unless  it  is  quickly  worked  on  will  soon  be 
ruined.  It  became  necessary  to  organize  the  road 
gangs  into  maintenance  gangs  and  surfacing  gangs. 
The  character  of  the  material  of  the  road,  of  course, 
varied  in  different  localities  and  required  different 
treatment.  Certain  places  could  be  maintained  with- 
out any  metal  surface.  Others  required  some  kind 
of  a  surface.  Certain  sandy  stretches  were  fairly 
good  when  wet,  but  a  few  dry  days  made  them  almost 
impassable.  When  the  sand  was  wet  and  best,  the 
same  rain  might  have  turned  the  road  a  few  miles 
away  into  an  impassable  mud  hole. 

Wherever  surfacing  materials  were  nearby  surfac- 
ing was  done.  In  some  places  gravel  was  used.  In 
others  "Caleche"  was  the  only  available  surfacing 
material.  It,  when  wet,  makes  a  very  good  surface. 
This  surface,  however,  does  not  last  very  well  under 
heavy  traffic,  so  it  has  to  be  frequently  patched.  There 
was  not  time  to  get  rock  crushers,  where  rock  was 
available,  even  if  everyone  had  not  believed  that  the 
expedition  would  be  withdrawn  before  a  crusher  could 
be  installed.  There  was  no  hope  of  surfacing  the  en- 
tire road  in  time  to  do  any  good,  so  the  worst  places 
only  were  worked  on. 

The  surfacing  presented  a  different  problem  in  each 
locality.  If  the  haul  was  too  long,  and  there  was 
water  nearby,  teams  could  be  used.  If  the  haul  was 
long,  trucks  or  wagons  pulled  by  tractors  had  to  be 
used.  If  there  was  no  water  close  by,  it  was  impossi- 
ble to  camp  teams  near  enough  to  the  work  to  do  any 
good.  Trucks  could  not  be  obtained  in  suflScient  quan- 
tities, and  due  to  uncertainty  of  length  of  stay  of  the 
expedition,  dump  wagons  for  the  tractors  to  pull  were 
not  ordered  in  sufficient  numbers. 

The  matter  of  getting  something  to  work  with,  es- 
pecially trucks,  was  simply  a  matter  of  the  apparent 
necessity.  If  the  truck  trains  traveled  without  much 
delay,  then  nothing  could  be  gotten  for  road  work. 
When  two  or  three  trains  had  got  stuck  up  to  the 
bodies  of  the  trucks  in  the  mud,  and  things  looked  as 
if  people  might  go  hXingry,  then  means  to  work  would 
be  provided.     Of  course,  each  time  this  happened  the 
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remedy  was  too  late  for  that  particular  condition,  but 
it  might  prevent  its  recurrence.  After  some  bitter 
experiences  of  this  kind,  the  provisions  for  road  work 
were  fairly  generous. 

Surfacing  with  teams  was  limited  to  the  15  miles 
north  of  Dublan.  As  previously  stated,  the  amount 
of  material  carried  by  a  native  team  was  ridiculously 
small.  A  sandy  stretch  about  7  miles  long  was  pai-- 
tially  surfaced  with  Caleche.  The  first  1  or  2  miles 
was  done  fairly  quickly,  but  when  the  haul  got  longer 
the  work  went  very  slow.  Later  trucks  were  used  on 
the  long  haul,  but  not  enough  tracks  could  be  put  on 
the  work  to  get  rapid  results.  Then  a  tractor  pulling 
about  a  dozen  dump  wagons  was  used.  Before  the 
stretch  was  completed,  the  rainy  season  was  over  and 
the  work  was  stopped,  and  traffic  went  back  to  the 
original  trail.  No  attempt  was  made  to  surface  any 
more  than  a  strip  8  ft.  wide  in  the  middle. 

On  the  northern  part  of  the  road,  tractors  pulling 
dump  wagons  were  used  almost  exclusively,  and  the 
worst  places  were  thus  surfaced.  Work  in  this  sec- 
tion was  hard  to  accomplish,  except  in  certain  locali- 
ties where  there  was  water.  In  the  long  stretches 
when  there  were  no  streams  and  no  wells,  wells  had 
to  be  drilled  or  water  had  to  be  hauled  to  labor  camps. 
Several  wells  from  500  to  800  ft.  deep  were  drilled. 

When  the  grade  was  first  finished  it  was  planned  to 
establish  a  maintenance  camp  every  10  miles.  This 
was  not  accomplished  entirely  because  wells  were  not 
drilled  quickly  enough.  However,  for  about  25  miles 
north  of  Dublan  it  was  feasible  and  was  done.  The 
idea  was  to  put  2  teams  with  drags  at  each  one  of 
these  camps,  and  to  have  each  team  drag  5  miles  from 
camp  and  back  each  day  or  after  each  truck  train  had 
passed.  This  scheme  worked  pretty  well  when  it  was 
put  into  effect. 

Where  the  road  surface  consisted  of  adobe  it  dried 
out  remarkably  quickly  after  a  rain,  and  was  left  com- 
pacted into  a  very  good  dirt  road.  If  a  truck  train 
did  not  go  on  it  too  quickly  after  rain,  it  was  not  dam- 
aged much.  The  first  8  miles  north  of  Dublan  was 
mostly  good  during  the  rainy  season  by  reason  of  the 
material  and  constant  dragging.  It  was  a  good  ex- 
ample of  what  dragging  may  accomplish.  A  truck 
train  was  seen  to  go  on  this  grade  within  2  hours 
after  a  hard  rain,  and  but  slight  damage  to  it.  How- 
ever, such  a  road  must  be  dragged  promptly  after  it 
has  been  rutted,  and  exactly  at  the  time  when  the 
material  is  of  the  right  constituency  to  be  dragged 
smooth.  After  this  it  will  bake  hard  and  smooth  with 
most  astonishing  rapidity.  The  dragging  must  be 
done  with  the  utmost  dispatch  and  with  intelligence. 

The  drag  used  on  the  Dublan  section  was  impro- 
vised from  logs  or  3  by  12's  and  old  wagon  tires  or 
scrap  iron.  A  blacksmith  shop  was  found  at  Corralitos 
Ranch,  which  luckily  had  around  it  tools  and  scrap 
stuff  with  which  drags  could  be  fashioned. 

A  longer  drag  was  tried  first,  but  it  did  not  work 
well.  The  small,  native  teams  had  trouble  pulling 
even  this  short  one.  Sometimes  4  native  mules,  some- 
times 6  mules,  and  sometimes  8  mules  were  hitched  to 
this  drag.  The  trucks  generally  made  2  ruts  in  the 
road.  The  drag  would  go  down  filling  in  one  rut  and 
come  back  filling  in  the  other.  Where  it  appeared  ad- 
visable to  move  any  material,  a  small  (6-ft.)  grader 
could  be  used.  It  was  pulled  by  1  or  2  army  teams  of 
4  mules  each,  or  by  2  Jeffery  trucks. 

By  maintenance,  such  as  is  described  above,  viz.: 
Graveling  in  places,  dragging  and  regrading,  the  road 
was  kept  in  fair  condition  during  the  greater  part  of 
the  rainy  season.     On  one  or  two  occasions,  things 


looked  pretty  bad.  After  a  hard  rain  truck  trains 
would  be  delayed  for  as  much  as  two  or  three  days, 
and  it  would  look  as  if  there  might  be  a  serious  in- 
terruption of  the  supply  of  the^expedition.  However, 
these  situations  were  not  very  numerous  and  the 
rainy  season  passed  without  any  mishap.  The  wet 
season  proved  to  be  quite  short  and  not  very  wet  gen- 
erally. There  was  no  general  rainfall,  and  heavy 
rains  in  limited  localities  gave  all  the  trouble  that  was 
experienced.  By  the  middle  of  September  the  season 
was  practically  over,  and  the  problem  developed  into 
a  dry  weather  problem  again. 

When  roads  began  to  get  dusty  again,  the  graded 
road  soon  began  to  wear  out  and  to  give  trouble.  Soon 
traffic  went  back  to  the  original  trail.  It  had  been 
hardened  and  made  smooth  by  rain,  but  it  also  began 
to  cut  up  and  to  develop  into  chuck  holes  and  dust. 
About  this  time  Colonel  Walker,  who  had  relieved 
Major  Brown  in  charge  of  road  work,  started  a  scheme 
of  scraping  off  the  top  surface  of  the  road  (not  the 
grade),  and  leaving  the  road  a  sunken  road.  This 
was  possible  now  with  the  graders  and  tractors  on 
hand,  although  it  had  not  been  possible  in  the  pre- 
vious dry  season,  when  the  machinery  had  not  been 
gotten.  When  the  scheme  was  first  started,  the  idea 
was  to  scrape  off  the  soft  top  surface  and  leave  a 
firmer,  smooth  surface  for  the  trucks.  It  was  ex- 
pected that  this  surface  would  soon  cut  up,  and  that 
it  would  be  necessary  to  keep  moving  the  road,  scrap- 
ing a  new  place  each  time  the  trucks  cut  up  a  scraped 
place.  However,  it  soon  developed  that  the  sunken 
road  could  be  kept  in  a  fair  condition  by  scraping, 
and  that  it  was  unnecessary  to  make  new  roads.  The 
lower  material  appeared  to  stand  the  traffic  quite  well, 
if  it  was  craped  once  or  twice  a  week,  and  this  scrap- 
ing prevented  the  development  of  chuck  holes,  or  ex- 
cessive dust.  The  reason  for  the  success  of  this 
scheme  was  never  completely  explained. 


Brick  Pavement  on  3  In.  Reinforced  Con- 
certe  Base 

A  3-in.  reinforced  concrete  base  is  being  used  in 
connection  with  the  construction  of  brick  pavement 
on  two  streets  at  Parkersburg,  W.  Va.  A  4-in.  vitri- 
fied block  is  being  laid,  with  a  1-in.  cement-sand 
cushion  and  a  cement  grout  filler. 

The  subsoil  is  a  sandy  loam,  some  of  it  approaching 
the  condition  of  a  natural  sand  bank,  with  excellent 
drainage.  The  reinforcement  consists  of  %-in.  steel 
rods,  perpendicular  to  curb,  and  spaced  2  ft.  center 
to  center.  Expansion  joints  are  placed  along  each 
curb  and  transversely  at  intervals  of  200  ft.  through 
the  base  and  brick. 

Some  of  the  taxpayers  wished  to  use  a  sand  and 
gravel  base  with  the  brick  to  reduce  the  cost.  The 
thin  concrete  base,  therefore,  was  adopted  in  order 
to  make  the  cost  of  the  superior  construction  as  low  as 
practicable.  Bids  were  received  on  both  types,  the 
figures  submitted  being  as  follows:  Vitrified  brick 
pavement  on  6-in.  sand  and  gravel  base  with  sand 
cushion,  $2.00  and  $2.10  per  square  yard;  vitrified 
brick  pavement  on  3-in.  reinforced  concrete  base,  $2.45 
and  $2.54  per  square  yard.  Wm.  M.  Hall  is  City  En- 
gineer of  Parkersburg,  W.  Va. 


Plans  for  the  manufacture  of  a  third  type  of  army 
motor  truck  have  been  announced  by  the  War  Indus- 
tries Board.  The  new  truck  will  be  of  %-ton  rated 
capacity  and  supplementary  to  a  3-ton  and  1%-ton 
trucks. 
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Road  Material  Haulage  in  Wayne 
County,  Michigan,  by    In- 
dustrial Railway 

In  its  concrete  road  work  the  Road  Commissioners 
of  Wayne  County,  Michigan,  have  made  extensive  use 
of  the  industrial  railway.  On  long  hauls  this  method 
is  employed  for  transporting  all  materials  from  the 
point  of  receipt  to  the  point  of  construction.  The 
outfit  consists  of  one  or  more  7-ton  30-H.P.  locomo- 
tives, 60  or  more  1,000-lb.,  double  side,  V-shaped 
steel  dump  cars,  each  of  l^-j  yd.  capacity,  and  8  16-ft. 
flat  cars,  all  of  2-ft.  gage.  The  track  is  furnished  in 
built-up  units,  15-ft.  in  length,  consisting  of  steel 
rails  fastened  to  steel  ties.  A  turnout  may  be  laid 
wherever  needed  by  replacing  a  section  of  track  by 
a  switch  or  curve,  as  this  is  also  furnished  in  15-ft. 
lengths  and  of  such  radius  that  locomotive  and  cars 
will  readily  pass  through. 

The  average  train  consists  of  30  loaded  cars,  on  a 
level  road,  and  9  only  where  the  grade  is  6  per  cent, 
though  as  many  as  42  cars  have  been  hauled  at  one 
time. 

Materials  for  the  work  begin  to  arrive  before  ac- 
tual concreting  is  in  progress.  These  are  imme- 
diately unloaded  by  a  clamshell  bucket  and  thrown 
into  stock  piles.  After  concreting  has  been  in  prog- 
ress, the  materials  are  unloaded  directly  from  the 
railroad  cars  to  the  steel  dump  cars  and  transported 
to  place.  The  unloading  crew  consists  of  four  labor- 
ers, an  engineer,  and  team  and  teamster.  The  team 
hauls  7  loaded  cars  to  the  siding  where  trains  of  30 
cars  are  made  up.  Whenever  shipments  are  delayed 
the  stock  pile  is  resorted  to  for  materials.  Work 
usually  is  started  at  the  end  farthest  away  from  the 
railroad  switch.  Five  miles  per  hour  is  the  average 
set  speed,  including  time  for  coaling  and  watering. 
The  actual  running  speed  en  route  is  from  6  to  8 
miles  per  hour. 

Materials  are  readily  measured  in  the  cars  and  dis- 
tributed along  the  road  at  such  intervals  as  to  best 
meet  the  requirements  of  the  mixer.  The  aggregates 
are  loaded  into  the  dump  cars,  the  cement  in  any 
available  cars,  and  expansion  plates,  asphalt  filler 
and  other  necessities  on  the  flat  cars.  Coal  for  the 
mixer  is  likewise  brought  to  the  site  over  the  rail- 
way. As  concreting  progresses  the  haul  becomes 
shorter  and  the  track  is  taken  up.  These  rail  sec- 
tions are  transported  to  the  loading  point  on  the  re- 
turn trips  of  the  train. 

The  railway  crew  consists  of  an  engineer,  a  fire- 
man and  two  or  more  brakemen. 

In  the  work  last  year  long  hauls  were  of  frequent 
occurrence.  On  one  job  the  farthest  point  of  haul- 
age was  over  9  miles;  on  another  job  it  was  7  miles. 


Paver  Lays  Brick  for  1,111  Sq.  Yds.    of 
Pavement  in  One  Day 

In  the  construction  of  a  monolithic  brick  pavement 
on  the  Des  Moines-Camp  Dodge  Road  in  Polk  County, 
Iowa,  one  of  the  pavers  in  one  day  laid  the  brick  for 
500  ft.  of  20-ft.  pavement.  This  figures  1,111  sq.  yd. 
Against  a  stop  watch  for  a  considerable  time  he  placed 
two  bricks  per  second.  With  39  brick  to  the  square 
yard  he  handled  43,300  934-lb.  brick  during  the  day. 


The  American  Association  of  State  Highway  Offi- 
cials is  now  holding  its  annual  meeting  at  Richmond, 
Va.    The  proceedings  opened  Dec.  4  and  close  Dec.  6. 


Cold  Weather  Construction  of 
Concrete  Roads 

Some  useful  suggestions  on  the  construction  of  con- 
crete roads  in  cold  weather  are  given  by  Duff  A. 
Abrams,  Professor  in  Charge,  Structural  Materials 
Research  Laboratory,  Lewis  Institute,  Chicago,  in  the 
November  issue  of  the  Concrete  Highway  Magazine, 
from  which  we  quote  the  following  matter: 

Methods  to  be  followed  in  combating  injurious  ef- 
fects of  cold  weather  in  concrete  road  work  may  be 
grouped  under  the  following  headings: 

A.  Precautions  which  at  all  temperatures  are 
known  to  be  conducive  to  concrete  of  high  strength. 
(Sufficient  cement;  clean,  properly  graded  aggregate; 
smallest  practicable  quantity  of  mixing  water;  suf- 
ficient mixing;  proper  finishing  methods;  prevention 
of  early  drying  out;  sufficient  protection  from  traffic.) 

B.  Application  of  artificial  heat  to  materials  or 
finished  work,  and  means  of  preventing  the  dissipation 
of  heat  developed  during  setting  and  hardening  of  the 
concrete.  (Heating  of  water  or  aggregates;  heating 
fresh  concrete  by  steam  lines;  the  use  of  covering, 
etc.) 

C.  Use  of  chemical  compounds  which  will  lower 
freezing  point  of  mixing  water,  or  accelerate  the  set- 
ting and  hardening  of  the  cement. 

In  the  case  of  concrete  road  work  done  in  cold 
weather,  it  is  essential  that  the  concrete  be  given 
every  possible  advantage  in  gaining  strength  at  an 
early  period  in  order  that  it  may  safely  resist  the  de- 
structive action  of  freezing  temperatures.  Dirty  ag- 
gregates, and  especially  aggregates  containing  or- 
ganic impurities,  are  certain  to  cause  trouble  in  cold- 
weather  concreting,  due  to  the  slow-setting  and  weak 
concrete  produced  by  such  materials.  Too  much  wa- 
ter causes  a  great  loss  in  the  strength  of  the  concrete, 
prolongs  the  time  required  for  hardening  and  fur- 
nishes a  surplus  of  the  very  element  which  is  re- 
sponsible for  cold-weather  troubles. 

Special  care  must  be  taken  to  avoid  the  use  of 
lumps  of  frozen  aggregate.  Attention  is  generally 
called  to  this  point  in  specifications.  On  account  of 
frequent  moving  of  equipment,  heating  of  the  aggre- 
gates is  not  always  practicable  in  road  work,  although 
this  is  readily  done  in  other  kinds  of  concrete  con- 
struction. However,  if  a  road  roller  or  other  source  of 
steam  supply  is  available,  aggregate  piles  may  be 
heated  by  inserting  pipes  carrying  live  steam.  Such 
heating  will  be  greatly  facilitated  by  covering  the 
piles  with  canvas. 

Valuable  results  can  be  attained  at  little  expense 
by  heating  the  mixing  water.  This  can  best  be  accom- 
plished by  inserting  an  improvised  steam  coil  in  the 
water  line  near  the  mixer.  The  water  coil  may  be 
heated  by  a  coal  or  wood  fire.  It  is  not  necessary  that 
the  water  be  extremely  hot;  it  will  accomplish  a  use- 
ful purpose  if  this  method  serves  only  to  remove  the 
chill  from  the  aggregate  and  impart  some  heat  to  the 
fresh  concrete. 

When  there  are  indications  of  the  temperature  fall- 
ing below  the  freezing  point  during  the  few  hours  fol- 
lowing the  placing  of  the  concrete,  it  is  important 
that  the  heat  generated  by  the  chemical  reactions 
which  accompany  the  setting  and  hardening  of  the 
concrete  be  retained.  This  may  be  accomplished  by 
placing  a  covering  of  canvas  or  other  material  over 
the  newly  laid  road  in  such  a  manner  as  to  leave  an 
air  space  above  the  concrete.  Disturbance  of  the  en- 
closed air  should  be  prevented  as  much  as  possible 
by  weighing  the  canvas  with  timbers,  sand  or  earth. 
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In  the  event  of  an  extreme  drop  in  temperature, 
pipe  lines  supplied  with  live  steam  may  be  carried 
under  the  canvas  to  protect  the  fresh  concrete  from 
freezing.  If  the  concrete  is  partially  hardened,  pro- 
tection may  be  provided  with  a  covering  of  straw  or 
manure.  Manure  should  not  be  placed  in  direct  con- 
tact with  the  road  surface  on  account  of  possible  in- 
jurious effects  on  the  fresh  concrete  and  unsightly 
discolorations  which  may  result. 

The  comparatively  low  strength  of  concrete  ex- 
posed to  cold  weather  indicates  the  importance  of 
taking  precautions  to  exclude  traffic  for  a  longer  pe- 
riod of  time  from  concrete  roads  finished  at  low  tem- 
peratures. In  estimating  the  time  during  which 
traffic  should  be  excluded,  it  is  good  practice  to  dis- 
regard each  day  during  which  the  thermometer  falls 
below  the  freezing  point. 

Of  the  chemical  compounds  which  have  been  used 
in  cold-weather  concrete  work,  calcium  chloride  and 
common  salt  (sodium  chloride)  probably  give  the  best 
results.  Calcium  chloride  possesses  the  property  of 
lowering  the  freezing  point  of  water  and  accelerating 
the  setting  of  cement,  as  well  as  causing  the  genera- 
tion of  a  large  quantity  of  heat,  due  to  the  chemical 
reactions  which  occur.  Tests  made  in  this  laboratory 
show  that  calcium  chloride  in  small  quantities  does 
not  cause  appreciable  reduction  in  the  strength  of 
concrete,  nor  does  it  cause  corrosion  of  the  reinforc- 
ing steel.  This  compound  is  generally  sold  in  the 
crystal  form.  It  is  readily  soluble  in  water.  If  used 
in  quantities  of  about  3  per  cent  by  weight  of  mixing 
water  it  will  enable  concrete  to  be  placed  with  the 
temperature  several  degrees  below  freezing  with  little 
danger  of  injury.  It  can  best  be  added  to  the  mix  by 
making  a  solution  having  a  concentration  of  IVi  lb. 
of  calcium  chloride  per  gallon  of  water.  This  may  be 
kept  in  a  barrel  near  the  mixer.  Add  1  gal.  of  solution 
for  each  sack  of  cement  used.  For  the  usual  1:2:3 
mix  this  corresponds  closely  to  3  per  cent  of  the  total 
mixing  water.  The  use  of  this  material  will  add 
about  3  ct.  per  square  yard  to  the  cost  of  the  concrete. 

Common  salt  is  effective  in  lowering  the  freezing 
point  of  water,  but  does  not  compare  favorably  with 
calcium  chloride  in  other  respects.  When  used  in 
quantities  of  about  5  per  cent  by  weight  of  mixing 
water  it  has  been  found  effective  in  preventing  freez- 
ing at  temperatures  not  lower  than  28°  F.  Its  low 
cost  is  its  principal  advantage.  Many  of  the  proprie- 
tary "anti-freezing"  compounds  have  common  salt  as 
a  base,  with  small  percentages  of  other  salts,  added 
apparently  for  the  purpose  of  disguising  their  real 
constitution. 

It  is  the  writer's  belief  that  the  precautions  to  be 
observed  in  cold-weather  road  work  should  be  consid- 
ered in  the  order  mentioned  above.  Special  measur«-3 
should  be  adopted  only  after  all  ordinary  precautions 
are  in  effect.  Heating  of  mixing  water  should  not  be 
relied  upon  to  counteract  the  ill  effects  of  dirty  or 
poorly-graded  aggregate,  or  an  over-dose  of  water  in 
the  batch.  Generally  the  heating  of  concrete  mate- 
rials and  protection  of  fresh  concrete  will  be  found 
most  satisfactory.  It  is  not  usually  desirable  to  rely 
solely  upon  the  use  of  chemical  compounds  to  pre- 
vent freezing  of  concrete.  Chemical  compounds  should 
be  used  only  in  conjunction  with  other  measures  de- 
scribed. 


Tulsa  County,  Oklahoma,  has  voted  a  $1,750,000 
bond  issue  for  the  construction  of  approximately  200 
miles  of  paved  highway. 


Instructions  of   Missouri   State 

Highway  Department   for 

Making  State  Road 

Surveys  and 

Plans 

The  State  Highway  Department  of  Missouri,  of 
which  Mr.  Alexander  W.  Graham  is  State  Highway 
Engineer,  has  recently  issued  a  bulletin  of  instruc- 
tions for  making  surveys  for  the  construction  of  state 
roads.     The  regulations  follow : 

Reconnaissance. — The  reconnaissance  is  made  for 
the  purpose  of  determining  the  feasibility  of  estab- 
lishing and  improving  a  road  as  a  "state  road,"  and 
to  show  where  relocations  may  be  made  to  advan- 
tage. After  these  questions  have  been  determined 
from  the  results  of  the  reconnaissance,  the  iinal  sur- 
vey must  always  be  made  to  allow  accurate  mapping 
of  the  road  and  a  precise  determination  of  the  quan- 
tities to  be  paid  for  in  its  improvement. 

Where  the  location  of  the  road  is  known  at  the 
start,  i.  e.,  when  a  map  is  available  showing  the  road, 
or  a  description  of  its  location  is  a  matter  of  record, 
a  very  good  reconnaissance  can  be  made  by  using  an 
automobile  with  a  good  speedometer  to  measure 
distances  and  a  hand  level  to  measure  slopes. 
Speedometer  readings  should  be  taken  at  all  culverts, 
bridges,  intersecting  roads,  railroad  crossings,  de- 
posits and  outcrops  of  rock,  gravel  or  other  road 
building  material,  and  all  other  features  having  a 
bearing  on  the  proper  location  and  improvement  of  the 
road.  At  all  grades  over  above  five  per  cent  the  hand 
level  should  be  brought  into  play,  and  a  rough  profile 
of  the  hill  taken.  Records  should  be  kept  of  where 
material  from  cuts  should  be  deposited  in  fills,  giving 
the  approximate  haul  and  the  character  of  the  mate- 
rial to  be  excavated,  whether  clay,  gravel,  loose  rock, 
solid  rock,  etc.  The  hand  level  should  also  be  used 
in  places  where  the  cross-section  of  the  roadway  is 
unusually  irregular  in  shape  or  where  the  road  is 
located  on  a  transverse  slope.  Rough  cross-sections 
will  be  necessary  in  case  of  an  irregular  surface  and 
on  side  hill  work  the  transverse  slopes  should  be  meas- 
ured. 

At  all  waterways  as  complete  information  as  pos- 
sible should  be  recorded  concerning  the  sizes  of  exist- 
ing openings  through  bridges  and  culverts,  high  water 
marks,  drainage  area  above  the  road,  general  direction 
and  location  of  the  waterway  across  the  road,  and  for 
some  distance  each  side. 

If  the  road  is  to  be  practically  relocated  throughout 
its  entire  length,  the  easiest  method  to  follow  will  be 
to  make  a  stadia  survey  to  obtain  the  required  eleva- 
tions, distances  and  angles.  The  line  should  be  tied 
in  to  existing  monuments  and  land  lines  wherever 
possible. 

If  a  transit  with  stadia  wires  is  not  available,  a 
traverse  line  should  be  run  and  a  hand  level  used  as 
indicated  in  the  case  of  the  reconnaissance  where  the 
line  is  previously  known.  In  all  cases,  the  same  in- 
formation as  noted  above  should  be  recorded. 

After  making  the  field  survey,  a  sketch  map  should 
be  drawn  up  or  traced  from  an  existing  map.  This 
will  show  the  road  from  one  end  to  the  other,  inter- 
secting roads,  streams,  railroads,  etc.  If  the  terri- 
tory traversed  was  sufficiently  irregular  that  levels 
were  taken  throughout  a  rough  profile  may  also  be 
drawn. 
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Next  the  reconnaissance  estimate  of  the  cost  of  im- 
proving the  road  should  be  made.  This  will  include 
cost  of  grading,  constructing  culverts,  bridges  and 
wearing  surface,  and  supervision  of  the  work.  The 
cuts  and  fills  should  be  balanced,  and  the  grading  ex- 
pressed in  so  many  cubic  yards  of  excavation  con- 
taining a  certain  percentage  of  rock.  The  number  of 
culverts  should  be  given  with  their  total  estimated 
cost.  For  all  structures  of  more  than  20-foot  span,  a 
list  should  be  given  with  the  span  and  type  and  esti- 
mate of  cost  of  each.  The  surfacing,  after  the  type 
has  been  decided  upon,  should  be  given  in  square 
yards  of  a  certain  depth  at  so  much  per  square  yard. 
The  estimate  would  then  take  the  following  form: 


beds,  etc.,  should  be  taken  and  it  should  also  be  noted 
where  water  may  be  obtained  for  sprinkling  the  roads. 

Alternative  Lines. — In  case  the  engineer  is  unde- 
cided which  of  two  possible  relocation  lines  should  be 
followed,  he  should  run  a  line  from  each  location. 
These  lines  to  be  designated  "Line  A"  and  "Line  B." 
Profiles  and  cross-sections  should  be  taken  along 
each  line  and.  plans  of  both  submitted  to  the  State 
office  with  reasons  for  selection  of  the  route  adopted 
and  an  estimate  of  the  cost  of  each  also  to  be  fur- 
nished. 

Alternative  lines  should  be  made  on  separate  sheets. 

Levels. — Profile  levels  should  be  taken  at  least  three 
hundred  feet  beyond  the  beginning  and  end  of  the 
proposed  road. 
.  .  A  well-adjusted  transit-bubble  will  be  sufficiently 

Culverts ...No!"'  ^'^ Total,!.;'.'.'.'.'.'.'.'.!',      accurate  for  general  highway  work  where  a  closing 

structures  over  20'  span. .. . . .'No.  Total!  | error  of  one-tenth  foot  per  mile  will  be  allowed. 

Surfacing  of sq.  yd.    ...depth    ...persq.  yd    i .,  ,        ,        ,,,  %  ,  ,,        ,  ,      , 

Total  $ Levels  should  be  run  forward  and  backward  along 

Gr^nd^iotoi" .':':':':." .^^"^.^^^i    I::::::::::::     the  course  of  the  road  in  order  to  close  the  circuit. 

Bench  marks  on  some  prominent  object  should  be 
taken  at  intervals  of  each  one-fourth  mile  and  re- 
corded in  the  notes. 


Excavation. 


RECONNAISSANCE  ESTIMATE. 

Road  Date 

cu.  yd per  cent  rock  at 


.191. 


Final  Survey. — If  the  reconnaissance  shows  that  the 
road  can  be  constructed  to  the  satisfaction  of  the 
State  Highway  Department,  a  final  survey  will  be 
necessary. 

In  making  this  survey,  it  must  be  borne  in  mind 
that  it  is  being  made  with  the  purpose  of  securing  the 
data  necessary  for  making. a  map,  profile  and  cross- 
sections  of  the  work  to  be  done. 

Survey  should  consist  of  the  running  of  the  center 
line,  marking  the  location  of  the  necessary  objects 
along  the  road,  running  levels  and  taking  cross-sec- 
tions, and  securing  such  information  on  bridges  and 
culverts  and  the  general  drainage  situation  as  may 
be  required. 

Survey  Line. — The  final  survey  line  is  to  be  the 
actual  construction  center.  If  preliminary  lines  are 
necessary  the  center  line  is  to  be  located  after  plans 
are  drawn.  The  angle  points  should,  if  possible,  be 
located  on  the  nearest  one-tenth  foot  marks  and  the 
deflection  angle  for  each  course  should  be  measured 
to  the  nearest  minute  and  the  magnetic  bearing  of 
each  course  must  be  taken  and  indicated  on  the  plans. 
Every  angle  point  should  be  referenced  in  with  three 
ties  to  permanent  objects  unless  the  courses  are  very 
short.  All  curves  should  be  run  in  the  field  at  the 
time  of  making  location.  On  resurfacing  work  it  is 
not  necessary  to  run  curves,  but  angle  points  should 
be  referenced  about  every  1,000  ft. 

Side  Locations. — In  general  a  tape  survey  will  give 
the  necessary  accuracy  in  making  locations.  All  sig- 
nificant objects  within  a  hundred  feet  or  so  of  the 
finished  road  should  be  indicated,  but  where  they  are 
at  a  greater  distance  the  dimensions,  etc.,  may  be  esti- 
mated. 'Whenever  the  position  of  an  object  becomes 
important  (as  for  instance  when  a  stream  nears  the 
road  embankment  or  when  a  house  is  situated  close  to 
a  road  whose  grade  it  is  planned  to  change  to  a 
marked  degree)  locations  should  be  made  to  the  near- 
est foot. 

Offsets  from  the  survey  line  to  the  bordering  fences 
or  walls  should  be  made  every  100  ft.  or  oftener  if  the 
irregularities  so  require;  dividing  property  fences 
should  be  located  by  offsets  from  the  center  line,  but 
the  direction  may  be  satisfactorily  indicated  by  de- 
termining their  range  intersection  with  the  base  line; 
■  and  when  it  becomes  necessary  to  locate  buildings  or 
other  objects  accurately  it  will  be  sufficient  to  deter- 
mine their  range  on  the  baSe  line  and  their  rectangular 
dimensions.     Location   of  materials,   quarries,  gravel 
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The  profile  levels  of  the  center  line  and  bench 
marks  should  be  run  in  one  operation  and  check  levels 
run  in  the  same  operation  with  the  cross-sections,  but 
do  not  attempt  to  do  both  at  one  operation. 

It  is  not  necessary  to  run  check  levels  on  resurfac- 
ing work. 

Cross-sections. — Cross-sections  should  be  taken  at 
all  one  hundred  foot  stations  in  regular  country  and 
at  shorter  intervals  where  the  ground  undergoes  a 
marked  change  between  stations.  Where  rock  is  en- 
countered, sections  and  soundings  to  determine  the 
elevation  of  the  rock  should  be  taken  at  such  fre- 
quent intervals  as  the  surface  requires. 

At  the  station  points,  readings  should  be  taken  on 
the  center  line  of  the  traveled  way,  the  right  and  left 
edges  of  the  traveled  way  or  of  the  road  way,  at  the 
top  and  base  of  each  slope  and  one  reading  farther 
out  (not  less  than  thirty  feet  from  the  center  line  of 
location)  at  either  side  to  show  the  slope  of  the  natural 
surface. 

Readings  on  the  ground  should  be  taken  at  the 
nearest  one-tenth  foot. 

In  general  it  will  not  be  necessary  to  show  more  of 
the  topography  than  these  cross-sections  will  reveal. 
In  cases  where  the  location  of  the  road  is  open  for 
some  question,  a  short  topographic  survey  might  be 
made  in  order  to  show  on  the  plans  the  circumstances 
which  caused  the  choice  of  the  location  to  be  made. 

Take  only  a  few  cross-sections  to  show  condition  of 
road  on  resurfacing  work. 

Drainage. — Complete  provisions  must  be  made  for 
the  drainage  of  every  road  and  the  plans  must  show 
what  arrangements  have  been  made  and  complete  data 
must  be  furnished  for  all  drainage  structures  larger 
than  regular  standard  culverts.  Estimates  of  the 
drainage  area  for  all  structures  must  be  given  in  all 
cases. 

For  culverts  the  length,  width  and  average  slope 
per  one  hundred  feet  of  drainage  area  should  be  noted 
and  the  direction  of  flow  indicated  on  plan  by  an 
ai'row. 

Ditches. — Whenever  the  road  is  at  a  grade  of  less 
than  0.5  per  cent,  the  grading  of  the  drainage  ditches 
must  be  planned  by  a  separate  grade.  The  design  of 
the  ditch  must  be  shown  on  the  cross-sections,  and  all 
grades  of  less  than  0.5  per  cent  should  be  avoided  if 
possible. 
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Underdrains. — The  engineer  should  take  special 
care  to  note  or  to  determine  by  local  inquiry  any 
parts  of  the  road  which  break  up  in  wet  seasons  and 
specify  underdrains. 

Culverts.— Small  culverts  crossing  the  center  line 
of  the  road  should  be  of  sufficient  length  to  prevent 
any  decrease  in  the  crown  of  the  road  where  it  passes 
over  the  culvert. 

Every  bridge  and  culvert  within  the  course  of  the 
design  should  be  described  in  the  specified  form 
whether  it  is  or  is  not  intended  for  reconstruction. 

At  every  culvert  which  it  is  proposed  to  construct 
or  reconstruct,  a  cross-section  should  be  taken  along 
the  proposed  axis,  and  the  section  taken  far  enough 
out  to  show  elevation  of  inlet  and  the  lowest  possible 
outlet  available,  even  if  this  involves  the  construc- 
tion of  a  short  ditch. 

Profiles  must  also  be  taken  on  the  center  line  of  the 
road,  the  elevation  of  the  finished  roadway  noted,  and, 
if  the  culvert  is  to  be  located  on  a  skew,  the  angle  of 
the  skew  must  be  given.  Do  not  try  to  build  culverts 
at  right  angles  to  the  road  if  same  should  be  built 
on  a  skew  to  fit  the  stream. 

Considerable  attention  should  be  paid  to  the  angle 
at  which  any  drainage  structure  crosses  the  road,  and 
if  they  should  be  built  on  a  skew,  these  angles  must 
be  noted  and  the  length  and  type  of  wings  should  be 
noted  in  every  instance.  Culverts  should  not  be 
designed  askew  if  possible  to  economically  change  the 
course  of  stream. 

Plans. — The  plans  will  consist  of  a  title  page, 
typical  cross-section  of  improvement,  plan  and  profile, 
cross-sections,  and  such  structural  plans  and  state 
structural  standards  as  may  be  necessary  to  properly 
show  the  proposed  construction. 

All  plans  or  drawings  will  be  on  flat  sheet,  22x36 
ins.  outside  dimensions;  boundary  lines  are  to  be  so 
placed  as  to  provide  a  binding  margin  2  ins.  wide  at 
the  lefthand  end,  and  a  margin  V2  in.  wide  on  the  re- 
maining three  edges  of  all  plans.  On  cross-section 
sheets,  the  boundary  lines  may  be  omitted  but  suffi- 
cient space  should  be  allowed  for  the  2-in.  binding 
edge  at  the  lefthand  end  of  the  sheets.  State  Highway 
Department  standard  sheets  showing  structural 
standards  may  be  made  a  part  of  the  plans  and  be  at- 
tached thereto,  provided  the  size  of  these  standard 
sheets  does  not  exceed  the  size  required  for  plans. 

The  plans  are  to  be  based  upon  the  surveys  de- 
scribed above,  and  all  notation  necessary  to  make  the 
required  details  clear  is  to  appear  appropriately 
throughout  the  plans.  Any  information  which  the 
local  officials  may  deem  necessary  for  their  own  uses 
may  be  incorporated  in  the  plans  in  addition  to  that 
herein  prescribed,  provided  it  does  not  interfere  with 
their  legibility. 

The  sheets  composing  the  set  of  plans  shall  be 
bound  in  the  following  order:  Title  page,  typical 
cross-section  of  improvement,  road  plans,  state  stand- 
ards, special  structural  plans,  and  cross-sections. 

The  plan  and  profile  shall  be  placed  on  the  same 
sheet;  the  plan  shall  be  shown  across  the  top  of  the 
sheet  and  the  corresponding  profile  directly  below. 
When  the  conditions  permit  without  interference  or 
overlapping,  two  sections  of  the  plan  and  profile  may 
be  shown  on  the  same  sheet. 

The  plan  shall  be  drafted  to  a  scale  of  1  in.  equal 
to  100  ft.  or  1  in.  equal  to  50  ft.  in  the  option  of  the 
engineer,  and  the  profile  shall  be  drafted  to  the  same 
scale  horizontally  as  the  plan,  and  to  a  scale  of  1  in. 
equal  to  10  ft.  vertically. 


Resurfacing?  OldTConcrete  Road 
with  Three  Inches  of  Concrete 

In  1916  the  Road  Commissioners  of  Wayne  County, 
Michigan,  resurfaced  an  old  concrete  road  with  a  thin 
layer  of  new  concrete.  The  methods  employed  in  this 
experiment  were  described  in  the  March  7,  1917,  issue 
of  Engineering  and  Contracting.  The  work  was  car- 
ried out  on  Grand  River  Avenue  Road  and  included 
the  widening  of  the  traffic  way  by  the  addition  of  2^/2 
ft.  of  concrete  on  each  side  of  the  old  pavement  and 
the  covering  of  the  entire  20  ft.  of  old  surface  with  a 
slab  of  concrete  3  in.  in  thickness. 

In  order  to  give  a  fair  presentation  of  the  condition 
of  this  experimental  work  after  15  months  of  wear  the 
Commissioners  invited  Mr.  Frank  F.  Rogers,  State 
Highway  Commissioner  of  Michigan,  and  Mr.  H.  El- 
tinge  Breed,  First  Deputy  Commissioner  New  York 
State  Highway  Commission,  to  inspect  the  road  and 
make  a  report  of  their  findings.  The  inspection  was 
made  Aug.  28,  1917,  and  the  reports  are  given  in  the 
last  annual  report  of  the  Commission,  from  which  we 


Road     Resur-fa 


lent    After    16    Months    of 


quote  as  follows,  the  first  quotation  being  from  the  re- 
port of  Mr.  Rogers: 

It  had  always  been  the  writer's  opinion  that  a  thin  slab  of  con- 
r.ete,  say  less  than  5  in.  in  thickness,  laid  over  an  old  concrete 
pavement  would  simply  result  in  work  which  would  immediately 
crack  into  small  pieces  and  then  cleave  from  the  underlying 
pavement,  thus  making  an  entirely  worthless  job  within  a  few 
nonths  or  at  most  a  year  or  two  after  completion. 

The  experiment  on  Grand  River  Ave.  has  demonstrated  not 
cully  the  error  of  such  a  conclusion,  but  that  it  is  entirely  feasible 
and  practicable  to  resurface  with  concrete  not  more  than  3  in.  In 
thickness,  provided  the  same  is  properly  reinforced  and  as  much 
care  used  in  the  selection  of  materials  as  we  know  to  be  neces- 
sary to  produce  a  satisfactory  concrete  pavement  in  the  first 
instance. 

On  the  whole  the  defects  visible  on  this  piece  of  work  are  no 
more  numerous  than  one  would  naturally  expect  to  find  on  the 
same  area  of  a  well-laid  concrete  pavement  of  the  same  age.  and 
subject  to  similar  traffic  conditions. 

Mr.  Breed's  statement,  in  part,  follows: 

From  an  engineering  standpoint,  it  is,  as  far 

as  one  can  tell  at  present,  an  unqualified  success.  What  may 
happen  in  the  future  one  would  be  loath  to  predict,  but  up  to  the 
present  time  it  has  endured  15  months  of  traffic  at  the  rate  of 
over  1,500  vehicles  a  day,  it  offers  smooth  riding  qualities,  is  non- 
slippery,  and  shows  not  a  sign  of  disintegration.  The  cracks 
that  somewhat  mar  the  appearance  of  the  surface  were  probably 
caused  by  too  rapid  or  by  unequal  hardening  of  the  rich  mixture 
used.  Many  of  them  are  hair  cracks  which  would  have  been 
unnoticeable  had  they  been  let  alone.  It  was,  I  believe,  a  mis- 
take in  maintenance  to  pour  them  with  tar,  because  they  were 
not  open  enough  to  absorb  the  material,  which  exuded  in  dark 
streaks. 

It  is  significant  that  on  either  side  of  the  road  where  it  was 
widened  2%  ft.,  there  are  no  cracks  at  all,  nor  any  suggestion  of 
demarcation.  This  is  valuable  evidence  for  engineers  who  are,  or 
soon  will  be,  confronted  by  the  necessity  of  broadening  our  main 
traveled  routes  when   they   are  resurfacing  them. 
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Resolution  of  Ohio  Good  Roads 

Federation    for   Continuation 

of  Highway  Construction 

At  a  meeting  last  month  of  the  trustees  of  Ohio 
Good  Roads  Federation  resolutions  of  interest  to  the 
highway  building  industry  were  adopted.  The  reso- 
lutions follow: 

Whereas,  the  conditions  created  by  war  have  made  the  federal 
government  the  largest  user  of  available  transportation  facilities 
in  addition  to  those  required  by  agricultural,  industrial  and  com- 
mercial demands;   and 

Whereas,  such  available  transportation  facilities  are  unable  to 
meet  the  present  combined  demand  of  the  government  and  private 
enterprise   upon  them;    and 

Whereas,  for  reason  of  these  added  burdens  our  present  trans- 
portation facilities  are  sure  to  be  the  limiting  factor  in  general 
business,  tKereby  lessening  both  the  earning  power  of  our  citizens 
and  their  industrial  efficiency;  and 

Whereas,  the  railways  of  the  country  admit  their  inability  to 
cope  with  the  dual  demands  upon  them  and  the  danger  attending 
such  decrease  of  transportation  service,  which  may  bring,  not 
only  suffering  upon  the  people,  but  a  possible  catastrophe  to  the 
nation  by  reason  of  its  helplessness  to  transport  those  things 
needful  for  use  upon  the  farm,  in  the  mill,  the  factory,  the  store 
and  the  home;  and 

Whereas,  the  public  highway  is  recognized  as  an  instrumental- 
ity of  incalculable  value  to  the  nation  for  transportation  purposes, 
and  is  the  one  great  agency  to  which  we  must  now  turn  as  the 
means  for  exchange  of  the  products  of  the  nations's  industry; 
therefore  we 

Resolve,  that  we  view  with  alarm  the  policy  of  stopping  the 
improvement  of  public  highways,  as  a  non-essential  enterprise, 
when  it  is  apparent  that  the  public  highway  is  the  single  unit  of 
our  transportation  system  upon  which  alone  private  enterprise  of 
every  character  may  have  to  depend  for  its  very  existence:  and 
we   further 

Resolve,  that  instead  of  curtailing  the  improvement  of  high- 
ways we  earnestly  urge  their  development  as  primary  factors  of 
immediate  concern  for  preserving  and  safeguarding  the  present 
prosperity  and  stability  of  the  nation  in  its  struggle  for  the 
preservation  of  human  liberty;   and  we  further 

Resolve,  that  we  commend  the  National  Council  of  Defense 
for  recognizing  the  vital  relationship  of  all  transportation 
agencies,  their  untiring  efforts  to  secure  a  correlation  of  useful- 
ness; and  a  higher  degree  of  efficiency  in  all  transportation  prob- 
lems. To  this  end  we  approve  of  the  appointment  by  it  of  a  com- 
mittee on  highway  transportation,  believing  that  a  greater  degree 
of  development  will  come  out  of  a  more  comprehensive  knowl- 
edge of  the  whole  subject  and  its  interdependence;  and  we  further 
Resolve,  that  we  favor  the  prompt  adoption  by  the  federal 
government  of  a  general  plan  for  the  immediate  improvement  of 
those  roads  of  national  importance,  based  upon  their  commercial 
or  military  value,  and  that  we  urge  Congress  to  appropriate 
federal  funds  for  that  purpose,  to  be  expended  under  a  per- 
manently constituted  Federal  Highway  Commission,  leaving  to 
the  states  and  their  sub-units  the  task  of  improving  those  roads 
of  primary  state  usefulness;   and  we  further 

Resolve,  that  in  consideration  of  the  vital  importance  of  road 
improvement  to  the  nation's  welfare  we  urge  that  road  building 
material  be  given  a  priority  classification  by  federal  authorities, 
so  that  states  and  counties  may  complete  unfinished  projects; 
and  disconnected  sections  of  roadway  serving  communities  may 
be  joined  together,  thus  making  road  expenditures  both  a  local 
and  a  national  asset  of  inestimable  value  for  preserving  the 
stability  of  private  enterprise  and  for  obtaining  a  greater  mobil- 
ity of  national  resources  for  the  presecution  of  the  war.  We 
further 

Resolve,  that,  in  view  of  the  inability  of  the  railroads  to  afford 
adequate  transportation  facilities  for  war  and  domestic  needs, 
the  "Committee  on  National  Affairs"  of  the  Ohio  Good  Roads 
Federation  be  authorized  to  suggest  and  aid  in  formulating  a 
general  constructive  program  of  highway  improvement,  embrac- 
ing all  units  of  government,  which  will  be  wholly  essential  in 
preserving  the  agricultural,  commercial  and  military  needs  of 
the  nation;  and  to  this  end,  the  Committee  on  National  Affairs 
is  hereby  authorized  to  co-operate  with  the  Highways  Transport 
Contmittee  of  the  National  Council  of  Defense;  and  that  copies 
of  these  resolutions  be  sent  to  the  members  of  the  Committee 
on  Highway  Transportation,  of  the  National  Council  of  Defense, 
Governor  of  Ohio,  Vnited  States  Senators,  and  Congressmen,-  the 
State  Highway  Commissioner,  members  of  the  Highway  Advisory 
Board,  county  officials,  county  chairmen,  officers  and  members 
of  the  Federation, 


Split  Roller  Makes  Uniform    Blocks  on 
Each  Side  of  Expansion  Joint 

A  split  roller  for  finishing  expansion  joints  in  con- 
crete pavements  is  employed  by  Mr.  M.  A.  Hahn,  a 
contractor  of  Gypsum,  Kan.  The  device,  which  was 
originated  by  Mr.  Hahn,  makes  the  blocks  on  each  side 
of  the  joint  uniform.  It  is  made  of  16-gage  steel 
sheets,  welded  together.     It  is  10-in.  in  diameter  and 


Split   Roller  for   Finishing    Expansion   Joints. 

each  roller  section  is  12  in.  in  length.  The  roller  has 
wooden  heads.  The  hub  is  made  of  IVi-in.  water  pipe, 
with  y4-in.  by  Vi-in.  strap  iron  for  handle  guards.  The 
handle  is  IVa-in.  by  lV2-in.  yellow  pine  and  is  long 
enough  to  reach  across  the  slab  of  pavement.  The 
roller  weighs  about  40  lb. 


Civil  Engineers   for  U.  S. 
Force 


Naval  Reserve 


An  examination  will  be  held  to  select  an  eligibility 
list  from  candidates  for  enrollment  as  civil  engi- 
neers in  the  U.  S.  Naval  Reserve  Force.  To  compete 
in  this  examination  it  is  only  necessary  for  the  can- 
didate to  send  certain  information  regarding  his 
professional  experience,  etc.,  to  the  examining  board. 
Candidates  must  be  American  citizens,  and  must  be 
an  engineer  in  active  practice,  or  in  some  business 
directly  connected  therewith.  To  be  eligible  for  the 
rank  of  ensign  the  candidate  must  be  not  less  than 
24  years  of  age  and  in  active  professional  practice 
not  less  than  2  years.  To  be  eligible  for  the  rank 
of  lieutenant  (junior  grade)  the  candidate  must  be 
not  less  than  24  years  of  age  and  in  active  profes- 
sional practice  not  less  than  5  years.  Candidates  for 
lieutenant  must  be  not  less  than  30  years  of  age, 
must  have  been  in  active  professional  practice  not 
less  than  7  years  and  must  have  had  responsible 
charge  of  work,  as  principal  or  assistant,  for  at  least 
3  years. 
(128) 
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Methods  and  Cost  of   Maintaining  Con- 
crete  Roads  in   Wayne    County, 
Michigan 

The  cost  of  maintaining  the  150-mile  concrete  road 
system  of  Wayne  County,  Michigan,  for  the  year  end- 
ing Sept.  30,  1917,  averaged  $36.50  per  mile,  accord- 
ing to  the  last  annual  report  of  the  County  Road  Com- 
missioners. The  figures  covered  the  cost  of  tarring 
and  repairing  cracks  and  holes.  The  maintenance 
crew  is  equipped  with  a  tar-kettle,  several  wire  bristle 
brooms,  a  wheelbarrow,  a  couple  of  shovels,  a  tar- 
bucket,  and  sprinkling  cans,  and  r.  team.  Cracks  and 
spalled  joints  are  swept  clean  with  the  wire  brooms, 
after  which  tar,  heated  to  225°  F.,  is  poured  into  the 
clean  crack  and  allowed  to  stand  for  a  few  moments 
to  prevent"  it  from  bubbling.  Clean,  coarse,  dry  sand 
is  then  spread  on  the  tar  from  a  shovel.  Any  pit 
holes  are  given  the  same  kind  of  a  treatment.  A 
slight  excess  of  tar  and  sand  is  used,  so  that  traffic 
will  eventually  iron  out  the  application.  A  grade  of 
tar,  known  under  the  trade  name  of  Tarvia  XC,  is 
used. 

If  an  imperfection  that  does  not  extend  through  the 
pavement,  yet  is  over  1  in.  deep,  is  to  be  treated,  the 
cavity  is  thoroughly  cleaned  out.  It  is  then  dried, 
painted  with  hot  tar,  and  filled  with  stone  of  suit- 
able size  so  graded  that  the  bulk  of  the  stone  will 
have  voids  reduced  to  the  lowest  possible  point.  This 
filling  is  then  firmly  tamped  or  rolled  into  place.  On 
top  of  this  patch,  hot  tar  is  poured,  the  quantity  be- 
ing so  regulated  that  it  will  be  enough  to  fill  in  voids 
remaining  in  the  pebbles  or  stone  and  leave  but  a 
slight  excess  on  the  surface.  Dry  sand  is  then  spread 
on  this  excess  and  traflic  irons  it  down  as  in  the  case 
of  similar  repairs  to  joints. 

One  maintenance  crew  will  do  all  the  necessary 
work  on  from  1  to  3V2  miles  of  concrete  road  surface 
in  a  day.  Where  there  is  occasion  to  repair  holes 
that  are  2  or  more  inches  deep,  they  are  cleaned  out 
thoroughly,  cutting  away  the  concrete  so  as  to  give 
truly  vertical  sides  to  the  hole.  The  edges  are  then 
painted  with  a  cement  grout,  and  the  cavity  filled 
with  a  concrete  mixture  proportioned  as  was  that 
used  in  the  original  construction.  The  repaired  por- 
tion is  protected  from  traffic  until  thoroughly  hard- 
ened, and  hardening  is  accomplished  by  keeping  the 
repaired  spot  covered  with  a  moist  layer  of  earth, 
kept  moist  by  frequent  sprinklings  for  at  least  7  days. 


Men  Wanted  for  Repair  Shops  of  Army.— Back  of 
the  fighting  front  of  the  American  army  in  France 
there  will  be  established  warehouses  and  repair 
shops  for  handling  vast  amounts  of  ordnance  equip- 
ment. A  division  of  the  Ordnance  Department  of 
the  U.  S.  Army,  known  as  the  American  Ordnance 
Base  Depot  in  France,  will  be  in  charge  of  this  work. 
Men  are  needed  to  enlist  in  this  division,  not  as 
fighters,  but  for  overseas  service  as  skilled  or  un- 
skilled soldier  workmen.  Men  of  almost  every  voca- 
tion and  trade  are  needed,  particularly  automobile 
repairmen,  cooks,  gunmakers,  harnessmakers,  ma- 
chinists, millwrights,  optical  instrument  repairers, 
painters,  steel  polishers,  plumbers,  etc.  The  Chi- 
cago office  for  this  recruiting  is  at  435  S.  Dearborn  St. 


It  is  expected  that  automobile  licenses  will  fur- 
nish the  State  Highway  Department  of  Pennsylvania 
with  a  revenue  of  $3,500,000  for  1918.  All  this  sum 
will  be  expended  for  maintenance  purposes. 


Non   Creeper  Joint   for    Concrete    Pave- 
ment on  Grades 

In  some  concrete  pavements  -Constructed  on  steep 
grades  a  tendency  of  the  slabs  to  move  down  hill  has 
been  noted.  In  order  to  prevent  this  the  New  York 
State  Highway  Department  designed  an  anchor  wall 
to  be  put  down  near  the  end  of  the  slab.  This  wall 
extended  about  12  in.  below  the  base  of  the  slab  and 
was  reinforced.  On  one  piece  of  work  one  of  these 
slabs   was   put  in  every  300  ft.     The  accompanying 


Non-Creeper  Joint   for  1917   New  York   State   Highway   Work. 

sketch  shows  the  non-creeper  joint  as  it  is  employed 
on  one  piece  of  work  that  is  now  under  contract.  If 
is  hoped  that  this  will  prevent  some  of  the  riding  at 
the  joints  on  the  hill  sections. 


Cost  of  Concrete  Pavement  in  Queen  Vic- 
toria, Niagara  Falls  Park,  Ontario 

Several  sections  of  roadway  in  the  Queen  Victoria 
Niagara  Falls  Park  System  were  paved  with  concrete 
during  1916.  The  accompanying  cost  data  on  this 
work  are  taken  from  the  last  annual  report  of  the 
Park  Commission.  The  concrete  pavements,  18  ft. 
wide,  were  laid  on  a  flat  subgrade  and  had  a  thick- 
ness of  8  in.  at  the  crown  and  6  in.  at  the  sides.  A 
1:2:3  mix  was  used.  The  unit  costs  of  two  jobs  were 
as  follows: 

Job  No.  1.  Job  No.  2. 

Per  sq.  yd.  Per  sq.  yd. 

concrete  concrete 

surface.  surface. 

G.-ading    $0,325  $0,230 

Drainage    .103  .102 

Concrete    1.293  1.512 

Caring  concrete,  etc .045  .028 

SiiouUers    .161  .090 

C  iment  tests .008  .007 

Ii  spection   .027  .024 

Engineering    .054  .044 

Ii  cidentals    .111  .070 

Totals     $2,127  $2,107 

Job  No.  1  covers  Section  5-A  of  the  Bridgeburg 
Road.  The  area  of  concrete  surface  is  10,430  sq.  yd. 
The  grading  involved  1,162  cu.  yd.  of  cut,  2,512  cu.  yd. 
of  borrow  and  3,274  cu.  yd.  of  fill.  A  total  area  of 
1,577  sq.  yd.  of  pavement  was  reinforced  with  ex- 
panded metal  at  a  cost  of  19  ct.  per  square  yard. 

Job  No.  2  covers  Section  5-B  of  the  Fort  Erie  Road, 
and  includes  7,129  sq.  yd.  of  concrete  surface.  The 
grading  called  for  916  cu.  yd.  of  cut  and  862  cu.  yd. 
of  fill.  Some  1,434  sq.  yd.  of  pavement  was  reinforced 
with  expanded  metal  at  a  cost  of  19^/4  ct. 

The  rates  of  wages  were:  Teams,  45  ct.  per  hour; 
laborers,  20  ct.  per  hour;   foremen,  30  ct.  per  hour. 


Plans  have  been  completed  for  a  drainage  project 
near  Poplar  Bluff,  Mo.,  that  involve  the  construction 
of  210  miles  of  ditches  and  50  miles  of  levee.  The 
work  includes  8,000.000  cu.  yd.  of  excavation  in  ditches 
and  2,500,000  cu.  yd.  levee  embankment.  Over  1,114,- 
000  acres  of  land  will  be  reclaimed  at  a  cost  of  $1,- 
240,000. 
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Resurfacing  Asphalt  Blocks  with  Sheet 
Asphalt 

A  number  of  asphalt  block  pavements  at  Toronto, 
Ont.,  which  had  gotten  into  such  a  condition  that  ex- 
tensive repairs  were  necessary,  have  been  resurfaced 
with  a  thin  layer  of  sheet  asphalt  mixture.  The  tops 
of  the  asphalt  blocks  are  burned  off  with  a  surface 
heater  and  a  small  amount  of  old  material  removed. 
The  surface  established  is  warmer  and  considerably 
softer  than  normal.  The  new  asphalt  mixture  is  im- 
mediately placed  to  a  depth  of  from  1  in.  to  11/2  in. 
and  rolled  to  consolidation.  The  first  pavement  was 
treated  in  this  manner  in  1916  and  during  the  pres- 
ent year  two  more  pavements  have  been  resurfaced. 
Last  year's  work  cost  50  ct.  per  square  yard,  and  this 
year's  work  cost  59  ct.  and  61  ct.  per  square  yard,  re- 
spectively. 


Tests  in  Kiln  Drying  Woods  by  U.  S. 
Forest  Service 

The  U.  S.  Forest  Service  has  been  making  a  scien- 
tific study  of  the  drying  of  wood  at  the  Forest  Prod- 
ucts Laboratory,  Madison,  Wis.,  and  has  developed  a 
method  of  drying  which  has  been  very  successful  with 
all  the  woods  tried.  Several  kilns  have  been  built  at 
the  laboratory  for  experimental  purposes  and  a  num- 
ber of  demonstrations  made  in  commercial  kilns.  Ash 
and  spruce  are  the  woods  most  in  demand  for  airplane 
construction,  and  anticipating  the  present  situation 
the  Forest  Service  secured  a  shipment  of  partially  air- 
seasoned  ash  and  spruce  plank  for  preliminary  tests. 

This  material  was  kiln  dried  without  injury.  Later 
thoroughly  green  Sitka  spruce,  white  ash  (northern 
and  southern),  white  oak,  Douglas  fir,  western  white 
pine,  and  mahogany  were  secured  in  the  log  for  test- 
ing. The  spruce  and  ash  logs  were  cut  up  and  the 
green  material  from  each  species  divided  into  three 
matched  groups.  One  group  of  each  species  was 
tested  green,  another  has  been  set  aside  to  be  tested 
when  it  has  air-dried,  and  the  third  group  was  kiln- 
dried,  trying  several  methods,  and  then  tested. 

Only  the  results  of  tests  on  the  spruce  have  so  far 
been  analyzed.  Comparison  with  standard  tests  which 
had  already  been  made  shows  that  Sitka  spruce  can 
be  kiln-dried  from  the  green  condition  with  no  more, 
perhaps  less,  injury  to  its  mechanical  properties  than 
by  air  seasoning.  Definite  specifications  have  been 
prepared  for  kiln-drying  spruce  green  from  the  saw 
for  airplane  construction,  and,  if  rigidly  enforced, 
they  will  insure  kiln-dried  stock  of  this  species  equal 
to  air-dried  stock. 


Personals 


James  J.  McIUvee,  a  mining  engineer  of  Denver,  Colo.,  has 
lieen  commissioned  a  first  lieutenant  of  engineers  at  Fort  Sheri- 
dan, 111. 

James  M.  Forsythe.  an  erecting  engineer  for  the  Allis-Chal- 
mers  Co..  has  been  given  a  commission  as  second  lieutenant  of 
field  artillery. 

Burdette  Woodward,  Parkersburg,  W.  Va.,  has  been  appointed 
State  Inspector  of  Roads  for  the  State  Highway  Department  of 
West  Virginia. 

Hale  Judson,  formerly  assistant  city  engineer  of  St.  Joseph, 
Mo.,  has  been  appointed  city  engineer,  succeeding  Carl  P.  Hoff, 
who  resigned  recently. 

W.  J.  Dalv  and  Henry  M.  Cohen  have  organized  the  Sharon 
Dismantling  &•  Construction  Co.  and  have  opened  offices  in  the 
Harmony  building,   Sharon,   Pa. 

Louis  H.  Pinkham.  Jr.,  a  civil  engineer  under  Frank  Spof- 
ford,  United  States  Supervisor  of  Surveys  for  Idaho,  has  been 
commissioned  a  first  lieutenant  in  the  Officers'  Reserve  Corps  at 
Presidio,  Cal. 

Charles  S.  Clark  of  Donna.  Tex.,  has  been  appointed  a  mem- 
ber of  the  State  Board  of  Water  Engineers  of  Texas  to  fill  the 
vacancy  caused  by  the  resignation  of  E.  B.  Gore.  Mr.  Clark  is 
well  known  in  the  lower  Rio  Grande  country  as  a  civil  and  irri 


gation  engineer.  With  the  appointment  of  Mr.  Clark  the  State 
Board  of  Water  Engineers  is  now  complete,  the  other  members 
being  R.  J.  Windrow  of  Waco  and  W.  T.  Potter  of  El  Paso.  Mr. 
Windrow  was  recently  appointed  to  fill  the  vacancy  capsed  by 
the  resignation  of  J.  C.  Nagle  and  Mr.  Potter  succeeded  ,Iohn 
Wilson,  whose  term  expired  Sept.  1. 

P.  A.  Beatty.  Wheeling,  W.  Va.,  division  engineer  for  the 
Baltimore  &  Ohio  R.  R.,  has  resigned,  and  E.  C.  Wright,  Balti- 
more, district  bridge  inspector  of  the  Maryland  district,  has  been 
appointed   his   successor. 

Vincent  H.  Doyle  of  Columbus,  O.,  civil  engineer  in  the  em- 
ploy of  the  Hocking  Valley  R.  R.,  has  been  given  a  first  lieu- 
tenancy at  Fort  Benjamin  Harrison.  He  formerly  was  connected 
with   the   Public   Utilities   Commission. 

.^t  the  recent  convention  of  the  City  Managers'  Association 
the  following  officers  were  elected:  President,  Gaylord  C.  Cum- 
mins, Grand  Rapids,  Mich.;  vice-president,  C.  A.  Bingham,  Nor- 
wood, Mass.;  secretary-treasurer,  H.  G.  Otis,  Beaufort,  S.  C. 

Carl  P.  Hoff,  who  resigned  recently  as  city  engineer  of  St. 
.Toseph.  Mo.,  has  accepted  a  position  as  assistant  to  H.  M.  Stone, 
resident  engineer  of  the  Grand  Island  R.  R.,  who  has  charge  for 
the  railroad  of  the  work  of  rebuilding  the  Grand  Island  bridge. 

The  following  engineers  of  the  Cuyuna  range.  Minnesota,  have 
been  ordered  to  report  for  dutv  Jan.  5.  1918,  in  the  U.  S.  Army: 
C.  H.  Scheuer,  village  engineer,  Crosby,  Minn.;  C.  M.  Pearce, 
village  engineer,  Ironton,  Minn.;  L.  T.  Gavin,  with  the  American 
Manganese  Company,  and  S.  T.  Watson,  supervisor  of  Klondike 
Township. 

Bear  Admiral  Frederick  R.  Harris,  chief  of  the  Navy  Bureau 
of  Yards  and  Docks,  Navy  Department,  has  been  appointed  to 
take  over  the  general  managership  of  the  Emergency  Fleet  Cor- 
poration, vacated  by  Rear  Admiral  W.  L.  Capps.  In  1916  Harris 
was  appointed  chief  of  the  Bureau  of  Yards  and  Docks  at  the 
,Tge  of  41.  In  June,  1917,  he  received  the  permanent  rank  of 
rear  admiral. 

.■^t  a  meeting  of  the  international  directors  of  the  Jefferson 
Highway  at  Dennison,  Tex.,  on  Nov.  23.  the  following  officers 
were  elected:  A.  W.  Hopkins.  Lamonia.  la.,  president;  Thomas 
H.  Johnson,  Winnipeg,  Man.,  first  vice  president:  Mrs.  John  I.a- 
mar  Kimbell,  Shreveport,  La.,  second  vice  president;  Walter. 
Parker,  New  Orleans,  La.,  secretary;  J.  E.  Combs,  St.  Joseph, 
Mo.,  treasurer. 

At  the  first  meeting  of  the  new  directors  of  the  Builders'  Ex- 
change of  Cleveland.  O..  all  of  the  old  officers  were  re-elected. 
Sam  W.  Emerson  of  the  Sam  W.  Emerson  Co.  was  re-elected 
president  for  a  second  term;  C.  W.  Lundoff.  president  of  the 
Crowell-Lundoff-Little  Co..  was  re-elected  vice  president;  George 
Donlpv  of  the  Donlev  Bros.  Co.  was  chosen  treasurer;  Edward 
A.  Roberts  was  re-elected  secretary,  and  Charles  D.  Jamieson 
was  again   chosen  assistant   secretary. 

H.  B.  Titcomb,  recentlv  appointed  superintendent  of  the 
Stockton  Division  of  the  Southern  Pacific  Ry..  first  entered  the 
emolov  of  the  companv  in  the  capacity  of  draftsman  m  July. 
Ib91  'He  was  promoted  to  assistant  engineer,  construction  di- 
vision, in  189S,  and  the  year  followine  was  named  roadmaster 
of  the  western  division,  and  was  surcessivelv  roadmaster  of  the 
Snasta  and  Sacramento  divisions  from  190n  to  1904.  He  was 
assistant  resident  engineer  from  1904  to  190.=; ;  resident  engineer 
at  San  .Toanuin.  190^  to  1906:  and  at  Los  .\ngeles.  1906  to  1909. 
From  1909  to  1914  be  was  district  eneineer  with  headquarters 
in  Los  Angeles,  and  from  1914  to  Oct.  15.  1917.  when  he  was  pro- 
moted to  superintendent  of  the  Stockton  division,  he  was  main- 
tonance-of-way  assistant  to  the  assistant  chief  engineer,  San 
Francisco. 

The  following  men  from  the  office  of  the  State  Engineer  of 
New  York  are  now  4n  the  Army  or  Navy:  J.  M.  Angus,  J.  J. 
Carroll.  W  L.  Collins.  B.  S.  Davenport.  L.  W.  Donnelly,  J.  T. 
Doris,  Roy  Eneell,  R.  J.  Evers,  J.  A.  Galvin.  A.  E.  Green.  J.  W. 
Hano  T.  R  HazeUiiTi.  H.  W.  Henderson.  E.  D.  Hendricks.  H. 
F  Hensler  C  E  Hevdt.  E.  L.  Horton.  P.  M.  Howe,  N.  D.  Hyde, 
H  C  Kellv,  T.  R.  Kerslake.  Henry  Kling,  E.  J.  Moran,  J.  T. 
Murphv.  J."  P.  Newton.  H.  J.  O'Neill,  K.  V.  R.  Pavne.  J.  M. 
Prior  F  C  Rogers.  G.  W.  Ruso,  J.  'W.  Shook.  A.  A.  Snell.  E.  A. 
Terrell.  J.  K.  Tighe.  T.  J.  Torpy,  Jr.,  C.  E.  Vedder,  G.  H.  Yerkes, 
S  A.  Zierak,  E.  J.  Bulls.  J.  P.  Larsen.  G  C.  Nash.  C.  H.  Swick. 
o  L  Burdett.  J.  B.  Dovle,  B.  I.  Hall.  Powell  "Wall.  H.  E. 
Dayton,  C.  T.  McLean.  E.  C,  Ruesswig,  L.  E.  Fields,  L.  R 
Spencer  and  H.   S.   Deal. 

A.  D.  Williams,  State  Road  Commissioner  of  West  Virginia, 
has  announced  the  appointments  of  road  supervisors  in  various 
districts  of  West  Virginia  as  follows:  Hancock  and  Brooke  Coun- 
ties. C.  E.  Grofton;  Ohio  County.  W.  O.  McCluskey,  Jr.;  Mar- 
shall Wetzel  Tvler  and  Doodridge,  J.  R.  Wilson;  Mongolia, 
Marion,  Harrison.  Taylor  and  Preston:  W.  S.  Downs;  Barbour, 
Lewis  Upshur  and  Randolph.  Charles  Swisher;  Tucker,  Pen- 
dleton. Grant,  Hardy.  Mineral  and  Hampshire.  E.  C.  Smith;  Mor- 
gan Berkeley  and  Jefferson,  E.  L.  Miller;  Gilmer,  Braxton,  Web- 
ster, Clav  and  Nicholas,  George  H.  Hill;  Pocahontas,  Greenbrier, 
Monroe,  Summers  and  the  northern  part  of  Fayette,  J.  K.  Mc- 
Grath:  McDowell.  Mingo.  Logan,  Wayne  and  Lincoln,  Blake 
Taylor-  Cabell,  Mason  and  Jackson.  "W.  Stephenson:  Putnam. 
Kanawha  and  Boone,  P.  J.  Walsh;  Roane.  Wirt.  Wood,  Ritchie. 
Pleasants  and  Calhoun,  W.  J.  Alexander. 
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Obituaries 

John  Dowst,  treasurer  of  Head  &  Dowst  Co.,  contractors, 
Manchester,  N.  H.,  died  Nov.  22,  aged  69. 

John  Jachin  Boyd,  one  of  the  engineers  of  the  E.  I.  du  Pont 
de  Nemours  &  Co..  died  Nov.  22  at  his  home  in  Orange,  N.  J., 
aged  46  For  manv  years  Mr.  Boyd  had  been  an  engineer  and 
contractor,  engaged  in  installing  water  supply  plants  in  many 
cities  and  for  large  mani*acturing  plants. 

Charles  Van  Pelt,  an  engineer  in  charge  of  a  section  under 
the  chief  signal  officer  of  the  U.  S.  Army,  died  Nov.  23,  at 
Washington.  D.  C.  Mr.  Van  Pelt  was  a  graduate  of  the  Uni- 
versity of  Utah  and  formerly  was  employed  in  the  engineer- 
ing department  of  the  Oregon  Short  Line  Railroad. 
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How    an    Engineer    Induced    12 

Towns  to  Secure  a  Joint 

Water   Supply 

If  all  civil  engineers  were  as  public-spirited  and 
aggressively  interested  in  public  affairs  as  M.  M. 
O'Shaughnessy,  there  would  be  fewer  blunders  made 
by  cities  in  securing  and  distributing  water.  Mr. 
O'Shaughnessy,  city  engineer  of  San  Francisco,  was 
formerly  a  resident  of  Mill  Valley,  a  district  on  the 
north,  side  of  San  Francisco  Bay.  He  became  one  of 
the  directors  of  the  Marin  Municipal  Water  District 
of  which  Mill  Valley  is  a  part,  and  started  a  publicity 
campaign  for  the  development  of  a  water  supply  ade- 
quate for  the  dozen  small  towns  in  the  district.  After 
five  years  of  discussion  and  preliminary  work,  con- 
struction has  begun  involving  an  expenditure  of 
?3, 000,000.  Even  the  campaign  for  the  bond  issue 
was  conducted  by  engineers.  Illustrated  lectures 
were  given  to  convince  the  tax  payers  that  the  whole 
project  was  economically  sound. 


essential  thing  is  to  cause  a  fairly  large  volume  of 
water  to  penetrate  rapidly  downward,  and  not  to  de- 
posit salts  on  the  surface  by  evaporation. 


Reclaiming  Alkaline  Land  by 

Flooding— A  Chance  for 

Engineers 

There  are  vast  areas  of  alkaline  lands  in  the  west 
ihat  can  be  reclaimed  by  flooding.  Many  civil  engi- 
neers may  profitably  study  the  commercial  possibili- 
ties involved  in  such  reclamation. 

In  our  Waterworks  and  Hydraulic  Monthly  issue, 
Nov.  14,  we  described  a  successful  method  of  leach- 
ing alkali  from  the  soil.  The  tract  was  diked  into 
checks  and  ponded.  The  water  percolated  to  the 
underground  reservoir,  carrying  the  salts  with  it. 
One  heavy  flooding  reduced  the  alkaline  content  of 
the  soil  from  2.5  per  cent  to  0.4  per  cent  for  the  upper 
4  ft.  If  the  soil  is  not  sufficiently  porous  to  allow 
the  leaching  water  to  penetrate  rapidly,  it  becomes 
necessary  to   resort  to   subsoiling  or  blasting.     The 


Opportunities  for  Irrigation   and 

Drainage  Engineers  and 

Contractors 

Most  civil  engineers  have  been  accustomed  to  wait 
for  other  people  to  finance  land  improvement  proj- 
ects. But  not  a  few  engineers  have  already  shown 
the  way  to  others  by  themselves  promoting  irrigation 
and  drainage.  The  Government  has  passed  the  Farm 
Loan  Act  under  which  farmers  can  secure  long-time 
loans  at  5  per  cent.  Farm  products  are  marketable 
p.t  unprecentedly  high  prices.  These  two  facts  make 
it  clear  that  civil  engineers  and  contractors  can 
drum  up  a  vast  amount  of  land  improvement  work, 
provided  they  go  after  it  vigorously  and  intelligently. 
They  must  be  prepared  to  show  what  large  profits  a 
farmer  can  derive  from  investments  in  tile  drains, 
pumps  and  piping  systems  for  irrigation.  Irrigation 
of  garden  truck  is  highly  profitable  in  every  State 
of  the  Union,  as  we  have  repeatedly  shown.  It  is 
one  of  the  functions  of  the  modern  engineer,  as  we 
conceive  engineering,  not  merely  to  learn  how  to  ac- 
complish results  economically,  but  to  force  action 
from  those  who  will  benefit  from  the  application  of 
his  knowledge. 


Why  City   Water   Rates    Should 
Be  Raised 

The  rates  charged  by  city  water  departments  have 
rarely  been  sufficiently  high  to  pay  interest  on  the 
plant  investment  and  to  provide  a  depreciation  fund. 
This  is  a  fact  known  to  every  expert  appraiser  of 
waterworks  properties,  and  it  is  quite  generally 
recognized  by  waterworks  managers  also.  If  rates 
have  been  too  low  in  years  past,  it  is  patent  that  they 
are  much  too  low  now.    The  high  prices  of  materials 
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and  labor  are  increasing  current  operating  expenses, 
but  this  is  not  all.  As  parts  of  a  waterworks  system 
require  renewal  in  years  to  come  the  cost  of  renewal 
will  be  much  greater  than  the  original  cost.  Hence 
depreciation  funds  that  might  have  been  ample  had 
prices  not  risen  will  fall  far  short  of  being  large 
enough  to  provide  for  renewals  at  the  higher  prices 
that  will  exist.  It  would  be  well  if  every  city  were 
to  engage  an  expert  hydraulic  engineer  to  appraise 
the  waterworks  and  establish  rates  that  would  yield, 
.3ay,  5  per  cent  net  on  the  value  of  the  plant.  As  one 
of  our  contemporaries  recently  said,  every  tub  should 
stand  on  its  own  bottom  in  municipal  as  well  as  in 
ether  realms  of  human  activity.  The  profits  from  city 
waterworks  can  well  be  used  to  meter  the  system  and 
for  other  economic  improvements. 


Boston    Suburbs    Have    Reduced 

Daily  Water  Consumption  to 

47  Gal.  Per  Capita:  What 

Does  This  Mean  to 

You? 

For  many  years  American  engineers  have  been  ac- 
customed to  speak  of  100  gal.  daily  per  capita  as  be- 
ing a  reasonable  consumption  of  water.  It  may  now 
v^ell  be  asked  whether  half  this  amount  is  not  ample 
for  residential  areas  in  large  cities  and  for  the  entire 
i.rea  of  most  small  cities  where  neither  irrigation  of 
gardens  nor  factory  requirements  are  large  factors. 
In  1916  four  suburban  towns  near  Boston — Maiden, 
Medford,  Melrose  and  Milton — totaling  108,000  peo- 
ple, averaged  only  47  gal.  per  capita  per  day.  Prac- 
tically every  service  in  these  towns  is  metered. 

Danville,  Va.,  uses  only  45  gal.  per  capita  per  day 
now  that  the  water  is  metered,  whereas  the  daily 
consumption  was  175  gal.  per  capita  prior  to  meter- 
ing. 

The  city  of  Boston,  with  a  population  of  763,000, 
\!sed  105  gal.  daily  per  capita  in  1916,  or  more  than 
double  the  rate  of  consumption  in  the  four  suburban 
towns  above  named — the  four  M's.  But  only  slightlv 
more  than  half  the  services  in  Boston  were  metered. 
Due  to  the  large  use  of  water  for  industrial  purposes, 
it  is  probable  that  a  large  city  will  normally  use  50 
per  cent  more  water  per  capita  than  a  residential 
suburb. 

Civil  engineers  and  water  works  managers  who 
wish  to  perform  a  public  service  should  never  miss 
an  opportunity  to  protest  in  the  daily  press  against 
the  continued  waste  of  water,  and  to  urge  metering. 
Clip  such  editorials  as  this  one  and  send  it  to  the 
editor  of  your  local  paper,  accompanied  with  a  letter 
endorsing  our  editorial  opinion.  Local  engineering 
societies  may  very  well  initiate  propaganda  that  will 
result  in  the  conservation  of  fuel,  of  plant  and  of 
water  as  a  result  of  metering. 


gate  the  fixed  charges  on  the  plant  units  during  idle- 
ness from  the  fixed  charges  during  actual  operation. 
This  serves  to  concentrate  attention  on  the  "expense 
of  idleness"  and  thus  leads  to  investigations  that  re- 
duce or  eliminate  idleness  of  plant  units.  Mr.  Gant 
says : 

It  seems  to  the  writer  that  much  of  the  confusion  on  the 
-subject  of  costs  in  the  past  has  been  due  to  a  misconception  of 
the  subject.  The  intimate  relation  between  production  and  costs 
has  not  been  sufficiently  recognized,  and  the  accountant  has 
looked  upon  costs  as  a  bookkeeping  proposition,  whereas  in  truth 
costs  are  much  more  closely  connected  with  engineering  pro- 
duction than  with  bookkeeping  and  accounting.  If  the  engineer 
will  recognize  this  fact  and  insist  that  money  spent  without  any 
corresponding  production  must  be  kept  separate  from  that  which 
\.-as  productive,  either  directly  or  indirectly,  many  of  the  appar- 
ent contradictions  with  which  we  are  .so  frequently  faced  will  be 
eliminated. 

As  soon  as  we  establish  these  methods,  the  following  question 
is  immediately  put  to  us  by  the  accountant  and  financier.  "What 
are  we  going  to  do  with  this  expense  of  idleness?"  they  having 
never  before  realized  that  it  costs  something  to  be  idle.  My 
frank  answer  to  that  is  that  I  do  not  know.  Moreover.  I  don't 
care,  provided  they  do  not  charge  it  to  me  in  the  products  which 
I  buy  from  them.  My  recommendation,  however,  would  be  that 
they  see  how  they  can  eliminate  such  expense  by  proper  man- 
agerial methods. 

I  am  perfectly  aware  that  it  is  extremely  difficult  to  elim- 
inate all  of  such  e.Kpense.  but  I  am  also  aware  of  the  fact  that  it 
is  extremely  easy  to  eliminate  a  large  proportion  of  it.  The 
.'olution  of  this  problem  is  one  of  the  economic  questions  which 
the  war  will  shortly  force  to  our  attention,  and  I  insist  that  it  is 
primarily  a  question  to  be  solved  by  engineers  rather  than  by 
financiers. 

When  Mr.  Gant  recommends  segregating  the  cost 
of  idleness,  he  is  entirely  sound,  but  when  he  goes  so 
far  as  to  say  that  he  objects  to  being  charged  at  all 
for  plant  idleness,  his  position  is  untenable.  It  is 
one  thing  to  aim  at  an  ideal  economy  and  quite  an- 
other thing  to  penalize  all  persons  who  fall  short  of 
perfection  in  production.  A  "load  factor"  of  100 
per  cent — that  is,  continuous  operation  of  a  plant 
unit  to  capacity — is  an  ideal  goal,  but  who  has  ever 
pttained  it? 


Should  the  Public  Pay  the  Fixed 
Charges  on  Idle  Plant? 

In  a  short  paper  on  "Expenses  and  Costs,"  by  H. 
L.  Gant,  presented  at  the  annual  meeting  of  the 
American  Society  of  Mechanical  Engineers,  the  ques- 
tion is  raised  whether  the  purchaser  of  a  product 
should  pay  a  price  that  includes  the  prorated  fixed 
charges  of  idle  plant  units.  Mr.  Gant  urges  the 
keeping  of  unit  costs  in  such  a  manner  as  to  segre- 
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Both    Engineering    Investigation 

and    Legislation  Needed    to 

Enlist   Capital  for  Water 

Power  Development 

Gilford  Pinchot,  in  a  letter  that  appears  on  an- 
other page,  advocates  legislation  that  will  permit  and 
encourage  the  development  of  50,000,000  H.P.  of  un- 
used water  power.  He  advocates  leases  of  water 
power  rights  for  terms  not  exceeding  50  years,  and 
he  also  advocates  the  regulation  of  power  rates  by 
federal  or  state  commissions.  If  rates  for  power  are 
regulated  by  public  commissions,  we  fail  to  see  any 
reason  for  limited  time  leases.  The  trend  of  opin- 
ion among  economists  is  now  in  favor  of  indetermi- 
nate franchises  for  all  public  utilities  that  are  under 
.^tate  control  as  to  rates  charged  for  service. 

Mr.  Pinchot  is  obsessed  by  the  idea  that  certain 
power  companies  are  holding  "millions  of  water 
power  out  of  use  to  further  monopoly."  An  intimate 
knowledge  of  the  reasons  why  many  water  powers 
are  not  being  developed  leads  the  editor  to  believe 
that  Mr.  Pinchot  is  entirely  wrong  in  his  suspicions. 
When  public  utility  companies  feel  sure  that  they 
will  be  allowed  to  earn  profits  that  are  somewhat 
comparable  with  those  secured  from  investments  in 
factories  and  farms,  there  will  be  no  difficulty  in  se- 
curing capital  to  develop  every  waterpower  that  is 
economically  worth  developing. 
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Mr.  Pinchot  speaks  of  50.000,000  H.P.  of  undevel- 
oped water  power  as  if  it  were  all  susceptible  of 
■economic  development  now,  hut  the  fact  is  that  most 
of  this  power  can  not  be  economically  developed  at 
present,  if  ever.  No  one  knows  what  part  of  it  can 
be  developed  to  compete  successfully  with  steam. 
Engineering  studies  of  the  whole  problem  are  almost 
as  badly  needed  as  legislation  that  will  encourage 
capital  once  more  to  enter  the  water  power  field. 


Civil   Engineers  Should  Teach 
and  Lead  the  Public 

The  time  will  come  when  a  civil  engineer  will  be 
considered  censurable  if  he  does  not  persistently 
bring  to  public  attention  his  knowledge  of  ways  of 
saving  public  money  and  increasing  general  efficiency. 
The  public,  for  the  most  part,  is  incapable  of  solving 
economic  problems.  Engineers  are  trained  economists 
and  their  function  is  not  merely  to  solve  economic 
problems,  but  to  see  to  it  that  the  public  takes  action 
along  economic  lines.  For  example,  it  can  be  demon- 
strated that  it  pays  to  treat  city  water  with  liquid 
chlorine,  for  the  reduced  loss  of  health  and  life  is 
worth  far  more  to  society  than  the  small  cost  of 
■chlorinating  the  water.  Or,  again,  it  can  be  dem- 
onstrated that  it  pays  to  meter  city  water,  for  the 
annual  cost  of  metering  is  much  less  than  the  sav- 
ing in  fuel  and  fixed  charges  on  the  excess  plant 
needed  where  meters  are  not  used.  These  are  but 
typical  economic  facts  well  known  to  engineers.  En- 
gineers discuss  these  things  among  themselves  and 
Isewail  public  blindness  to  such  facts.  But  who  will 
ever  enlighten  the  public  unless  engineers  do?  The 
time  has  come  for  civil  engineers  individually  and 
collectively  to  teach  the  public  and  to  lead  it  to  action. 


Who   Will  Build   Barges  for  the 
Enlarged  Erie  Canal? 

Early  in  1918  the  enlarged  Erie  Canal  will  be 
ready  to  transport  barges  of  1,000  to  2,500  tons  ca- 
pacity, but  early  in  1918  there  will  be  no  such  barges 
to  transport.  Indeed,  no  one  seems  to  be  particularly 
interested  in  ever  building  enough  barges  to  utilize 
this  great  waterway  to  a  tithe  of  its  capacity.  At  a 
cost  of  $154,000,000,  exclusive  of  interest  on  the  in- 
vestment during  a  construction  period  of  14  years, 
this  500-mile  canal  has  been  built  by  the  State  of 
New  York.  It  can  be  used  to  carry  10,000,000  tons 
of  freight  annually,  provided  barges  are  built  for  the 
purpose,  but  they  are  not  being  built.  Conceive,  if 
^ou  can,  a  railway  company  so  poorly  managed  that 
its  entire  roadbed  would  be  finished  before  order- 
ing the  rolling  stock.  The  fact  that  no  company 
seems  inclined  to  enter  the  business  of  operating 
Isarges  on  the  Erie  Canal  is  significant.  Apparently, 
no  barge  company  cares  to  enter  into  cut-throat  com- 
petition with  other  barge  companies,  to  say  nothing 
of  competition  with  the  New  York  Central  Ry.  This 
being  so,  should  not  the  State  of  New  York  turn  over 
to  a  single  company  the  operation  of  all  barges — on 
the  canal,  under  specified  freight  rates,  that  will  yield 
liberal  returns  on  the  investment?  Should  the  State 
not  guarantee  such  a  company  protection  against 
cut-throat  competition  with  railways?  We  believe 
that  until  these  queries  are  affirmatively  answered 
the  great  Erie  Canal  will  remain  an  ecomonic  liabil- 
ity. 
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Thawing  Ground  for  Trench 
Work  and  the  Cost 

To  thaw  earth  that  is  frozen  to''a  depth  of  2  ft.  or 
more  is  a  problem  that  often  confronts  a  water 
works  superintendent.  Edgar  S.  Smith,  superin- 
tendent of  the  Water  Department  of  Pocatello,  Idaho, 
solved  the  problem  in  a  simple  manner  and  at  a  cost 
of  less  than  10  ct.  per  foot  of  trench  for  thawing. 

The  ground  was  frozen  4^2  ft.  deep  and  in  24  hrs. 
was  completely  thawed  to  a  depth  of  2^2  ft.  The  re- 
maining 2  ft.  were  softened  sufficiently  to  be  easily 
picked.  The  method  of  thawing  consisted  in  lay- 
ing a  double  line  of  lU-in.  pipe  over  the  trench  and 
covering  it  with  6  in.  of  fine  sand.  Steam  was  fed 
into  the  pipe  from  a  traction  engine  boiler,  and  a 
block  300  ft.  long  was  thawed  at  one  setting  of  the 
engine.  It  took  about  2  hrs.  to  shift  to  the  next 
block,  haul  the  sand  and  cover  up  the  pipe,  using 
2  men  and  2  teams. 

The  cost  of  thawing  a  300-ft.  stretch  was  9.2  ct. 
per  foot,  as  given  in  detail  in  our  issue  of  Aug.  8. 

The  backfill  material  must  either  be  thawed  or 
manure  must  be  laid  over  the  water  pipe  before  back- 
filling with  frozen  earth. 


Zinc  Balls  and  a  Fire  Hose  Used 
to  Clean  Sewers 

An  effective  method  of  cleaning  sand  and  silt  from 
pipe  sewers  has  been  devised  by  E.  B.  Shifley,  City 
Engineer  of  Owenboro,  Ky.  A  hollow  zinc  ball  is 
placed  in  the  sewer  and  a  stream  of  water  from  a 
fire  hose  is  turned  on.  The  ball  is  carried  along  by 
the  water  until  an  obstruction  is  met.  Then  the 
water  is  dammed  back  until  its  velocity  as  it  es- 
capes around  the  ball  washes  the  silt  away.  If  a 
f-ewer  is  badly  clogged,  the  first  ball  sent  through 
must  be  small — say  5  to  10  in.  smaller  than  the  di- 
ameter of  the  pipe.  After  sending  this  ball  through, 
a  larger  one  is  passed,  and  so  until  the  last  ball 
.'^ent  through  is  one  only  2  in.  smaller  than  the  pipe. 

Wooden  balls  were  tried  with  poor  results,  for,  to 
be  most  effective,  the  ball  must  float  and  roll  along 
the  top  of  the  sewer:  Hollow  balls  made  of  two 
thicknesses  of  No.  24  sheet  zinc,  with  seams  at  right 
angles,  proved  most  satisfactory. 

In  one  case  5  cu.  yd.  of  silt  were  removed  from  a 
600-ft.  section  of  a  15-in.  sewer  in  4  hrs.  The  silt 
was  caught  in  a  manhole  by  a  screen  back  of  which 
was  a  sane 


Causes  of  Water  Waste  at  Night 

Water  used  between  11  P.  M.  and  5  A.  M.  in  the 
residential  districts  of  a  city  is  almost  entirely  so 
much  water  wasted.  There  are  three  predominant 
causes  of  night  waste  of  water:  (1)  Open  faucets, 
to  prevent  freezing;  (2)  leaky  pipes  and  fixtures,  and 
(3)  night  irrigation.  Night  irrigation  of  lawns  and 
gardens  should  be  prohibited  where  meters  are  not 
used.  A  water  waste  survey  should  be  made  at  regu- 
lar intervals  to  detect  leaks,  even  where  meters  are 
used. 

The  open  faucet  is  a  necessity  only  where  service 
pipes  and  the  plumbing  in  the  building  are  improp- 
erly designed  or  placed.  The  water  pipes  in  a  build- 
ing should  be  well  lagged  with  a  heat  insulator  wher- 
ever such  pipes  are  in  or  near  an  outside  wall  or  in  a 
cellar.  Yet  this  simple  economic  precaution  is  rarelv 
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taken  because  building  codes  do  not  specify  it.  It 
seems  to  us  that  waterworks  engineers  and  superin- 
tendents should  take  steps  to  bring  about  such  addi- 
tions to  building  codes  as  will  reduce  the  necessity 
of  wasting  vast  quantities  of  water  every  winter  to 
keep  pipes  from  freezing. 


Predicting    Runoff  by  Snow 
Measurements 

By  sending  surveying  parties  over  a  drainage  basin 
in  the  spring,  measurements  of  snow  depth  can  be 
taken  and  the  snow  density  can  be  determined.  From 
these  data  the  quantity  of  water  on  the  drainage  area 
can  be  estimated.  Then  by  applying  runoff  coefficients 
the  flood  stages  of  streams  can  be  predicted  for  given 
weather  conditions.  In  sampling  the  snow  for  den- 
sity, a  brass  tube  may  be  used.  A  cubic  foot  of  snow 
may  yield  0.2  to  0.75  cu.  ft.  of  water.  The  engineers 
of  the  Southern  California  Edison  Co.  make  such  a 
snow  survey  every  spring. 


Engineers  as  City  Managers 

At  the  fourth  annual  meeting  of  the  City  Man- 
agers' Association  there  were  2.5  managers  present 
and  about  90  per  cent  of  these  were  civil  engineers. 
This  is  prophetic,  we  believe,  of  the  coming  pre- 
ponderance of  engineers  in  the  management  of  mu- 
nicipal  affairs. 

In  a  report  on  city  management  as  a  profession, 
Mr.  H.  M.  Waite,  of  Dayton,  Ohio,  said  in  cities  of 
more  than  200,000  population  executive  ability  is  the 
prime  essential  of  a  manager,  whereas  in  cities  of 
20,000  or  less  it  is  essential  that  considerable  engi- 
neering experience  be  associated  With  executive 
ability  in  the  city  manager. 

It  is  our  opinion  that  even  the  largest  cities  are 
in  need  of  managers  whose  engineering  experience 
has  been  broad ;  for  upon  the  manager  falls  the  task 
of  selecting  engineering  assistants,'  and  without  en- 
gineering knowledge  a  manager  is  less  apt  to  make 
wise  selection. 


Removing  Lead  from  Pipe  Joints 

The  uses  of  a  compressed  air  hammer  are  numer- 
ous, and  among  them  is  the  removal  of  lead  from  pipe 
joints.  The  chisel  used  for  such  a  purpose  should 
have  a  cutting  edge  about  two-thirds  as  wide  as  the 
thickness  of  lead  in  the  pipe  joint,  and  the  cutting 
end  of  the  chisel  should  be  curved  so  as  to  form  a 
sort  of  hook  that  will  reach  into  the  joint  and  pare 
off  a  shaving  of  lead  Vj^  to  Yo  in.  thick.  On  large  pipe 
C16  in.  and  up)  an  air  chisel  is  more  economic  than 
an  oxyacetylene  torch,  for  the  lead  melted  by  the 
torch  is  apt  to  harden  again  before  it  flows  out  of 
the  joint.  Of  course,  if  the  pipe  is  cut  off  at  intervals 
and  several  lengths  are  raised  together  out  of  the 
trench,  the  torch  method  can  be  more  effectively  ap- 
plied than  where  the  pipe  is  unjointed  in  the  trench. 


Water  Power  Development 

To  the  Editor:  The  great  war  in  which  our  na- 
tion is  engaged  will  be  won  not  alone  by  food  and 
men,  but  by  mechanical  power  as  well.  Without  me- 
chanical power  we  could  not  make  or  move  the  weap- 
ons with  which  we  fight — guns,  ammunition,  ships, 
and  supplies.  Our  national  resources  of  power, 
whether  from  coal,  oil  or  water  power,  are  national 
war  necessities.    We  need  them  to  win  the  war. 
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In  this  gigantic  struggle  our  security  requires  us 
to  use  all  these  great  resources,  and  to  use  them 
wisely  and  well.  The  people  of  the  United  States 
own  some  50,000,000  undeveloped  water  horsepower, 
or  about  enough  to  run  every  train,  trolley,  factory, 
mill,  mine  and  electric  power  plant  we  have. 

For  10  years  the  friends  of  conservation  have  urged 
the  development  of  public  water  powers  in  the  pub- 
lic interest.  But  development  has  been  held  back  by 
a  little  group  of  water-power  magnate.-;  and  their 
friends  in  Congress  who  have  blocked  all  legislation 
which  would  not  give  them  these  valuable  properties 
forever  and  for  nothing. 

Today,  when  the  nation  needs  all  its  resources,  the 
."^rme  men  who  have  been  blocking  reasonable  water- 
power  legislation  own  and  are  holding  millions  of 
water  horsepower  undeveloped  and  out  of  use  while 
clamoring  for  more. 

The  time  has  come  when  such  obstruction  threat- 
ens the  nation's  safety  and  success.  We  need  the  de- 
velopment of  these  powers  in  war  even  more  than  in 
peace.  At  the  coming  session  of  Congress  sound 
water-power  legislation  should  be  enacted  as  a  war 
neasure,  based  upon  principles  fair  to  all  sides. 
These  principles  I  believe  to  be  briefly  as  follows: 

(1)  The  thing  to  do  with  water  power  is  to  develop 
it.  Whatever  retards  or  restricts  the  development  of 
public  water  powers  on  terms  fair  to  the  public  is 
against  public  policy  and  hostile  to  the  general  wel- 
fare. 

(2)  Water  power  belongs  to  the  people.  The  sites 
where  it  is  produced  should  always  be  held  in  pub- 
lic hands,  for  only  so  can  effective  control  in  the  gen- 
eral interest  be  secured. 

(3)  Where  public  development  is  not  desired,  the 
right  to  use  water  power  sites  should  be  leased  for 
periods  long  enough  to  permit  sound,  attractive,  and 
profitable  investment,  but  never  longer  than  50  years. 
At  the  end  of  each  lease  all  rights  should  return  to 
the  people  who  gave  them. 

(4)  In  order  to  protect  the  consumer  against  ex- 
tortion, rates  and  service  should  be  regulated  by  Fed- 
eral authority  when  State  or  local  authorities  fail  to 
do  so. 

(5)  Reasonably  prompt  and  complete  development 
and  continuous  operation,  subject  to  market  condi- 
tions, should  be  required.  Already  millions  of  water 
horsepower  are  held  out  of  use  to  further  monopoly 
by  private  corporations. 

(6)  Corporations  or  individuals  who  make  money 
out  of  rights  granted  by  the  people  should  share  their 
profits  with  the  people. 

(7)  The  public  has  a  right  to  complete  informa- 
tion about  every  business  based  on  the  use  of  public 
property. 

These  are  the  prinicples  for  which  the  friends  of 
conservation  have  been  contending.  Many  water 
power  men  believe  them  to  be  fair  and  sound.  They 
will,  I  hope,  commend  themselves  to  you  as  wise  and 
reasonable. 

This  is  no  time  to  give  away  public  assets  neces- 
sary for  the  welfare  of  our  people  both  in  the  war 
and  after  the  war;  and  we  should  no  longer  tolerate 
the  selfishness  of  private  interests  which  take  the 
dog-in-the-manger  position  that  they  must  have  these 
water  powers  on  their  own  terms,  of  no  one  shall  use 
them  at  all. 

As  the  president  has  said:  "The  supreme  test  of 
the  nation  has  come.  We  must  all  speak,  act,  and 
serve  together.  Gifford   Pinchot. 

Milford,  Pike  Countv,  Pa. 
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Construction   Features   of  Water 
Supply   System   and   Sewer- 
age Works  for  the  Camp 
Custer  Cantonment 

General  Data. 

Camp  Custer,  the  e-antonment  for  the  Michigan- 
Wisconsin  division  of  the  National  Army,  is  located 
4\-2  miles  west  of  Battle  Creek,  Mich.  The  site  was 
selected  after  an  examination  of  17  locations  by  a 
committee  of  army  engineers.  In  accordance  with 
the  well-developed  program  of  the  Cantonment  Di- 
vision and  the  committee  of  the  Council  of  National 
Defense  in  Washington,  the  necessary  organizations 
for  the  conf--truction  of  the  camp  were  headed  toward 
Battle  Creek  on  June  13.  Major  E.  B.  Morden,  Q.  M. 
C.  U.  S.  A.,  was  selected  as  constructing  quartermas- 
ter in  complete  charge  of  the  entire  construction 
work.  His  supervising  engineer  was  Mr.  J.  L.  Lee. 
Porter  Bros,  of  Seattle  and  Detroit  were  the  general 
contractors.  Samuel  A.  Greeley  (of  Pearse  &  Greeley. 
Chicago.  Ill.i.  was  consulting  engineer  for  the  water 
supply  and  sewerage  work.  These  men  met  together 
in  Battle  Creek  between  June  13  and  22,  during  which 
interval  all  work  was  started  in  preparation  for  per- 
manent   construction. 

The  camp  is  located  on  rolling  upland,  of  sandy 
glacial  drift.  A  line  of  hills  50  to  100  ft.  above  the 
building  site  e.xtends  along  the  northerly  portion  of 
the  reservation,  affording  some  protection  against 
north  winds.  The  camp  buildings  extend  in  the  shape 
of  a  bow  along  the  foot  of  these  hills  for  a  distance 
of  about  3'.;  miles  on  an  axial  line.  The  northern 
part  of  the  building  site  is  occupied  by  the  stables, 
warehouses  and  other  utilities.  South  of  them  is  a 
concrete  highway  and  railroad  extending  the  entire 
length  of  the  camp.  Just  south  of  the  concrete  high- 
way and  extending  to  the  gravel  road,  about  700  ft. 
to  the  south,  are  the  barracks  and  lavatories  for  the 
troops  and  south  of  the  gravel  road  are  the  officers' 
quarters.  The  layout  follows  closely  the  typical 
plans  of  the  Cantonment  Division.  South  of  the  camp 
the  ground  is  comparatively  flat  and  forms  an  ex- 
cellent drill  lield,  while  still  further  to  the  south  the 
reservation  extends  about  3.5  miles  to  provide  a  rifle 
range.  The  freight  yards  and  main  distributing 
buildings  for  supplies  are  located  near  the  center  of 
population  to  the  north  of  the  concrete  road.  Be- 
yond the  low  hills  on  the  north  side  of  the  camp  is 
the  Kalamazoo  River.  The  soil  throughout  is  glacial 
drift,  50  to  100  ft.  thick,  consisting  of  sand,  gravel 
and  boulders  which  aflford  excellent  surface  drain- 
age. The  maintenance  of  latrines  during  the  con- 
struction period  was  thus  greatly  facilitated  and  first 
class  sanitary  conditions  were  maintained  through- 
out. 

The  Michigan  Central  R.  R.  and  the  Michigan  Elec- 
tric Ry.  have  main  line  tracks  along  the  Kalamazoo 
River  just  to  the  north  of  the  cam.p.  These  both  con- 
nect with  the  Grand  Trunk  R.  R.  at  a  switch  track  in 
Battle  Creek  about  3  miles  to  the  east  of  the  camp. 
The  main  railroad  line  to  the  camp  was  built  from 
this  switch,  affording  connections  to  all  three  rail- 
roads. A  special  spur  of  the  electric  railroad  was 
built  into  the  center  of  the  camp. 

The  site  as  a  whole  is  picturesquely  wooded  and 
with  the  rolling  surface  forms  an  attractive  location. 
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Water  Supply. 

One  of  the  most  important  preliminary  steps  in 
connection  with  the  construction  of  the  camp  was 
the  selection  of  the  water  supply'  The  first  investi- 
gation was  made  on  June  13,  by  Mr.  Greeley,  and 
during  the  next  few  days  much  valuable  assistance 
was  given  by  Mr.  Rich,  State  Sanitary  Engineer,  and 
Mr.  Smith,  State  Geologist.  Four  principal  sources 
were   investigated  as  follows: 

(a)  A  filtered  water  supply  from  the  Kalamazoo 
River. 

(b)  A  supply  from  the  Battle  Creek  city  water  sup- 
ply. 

(c)  A  supply  developed  from  small  lakes  adjacent 
to  the  camp. 

(d)  Well  water  from  the  Marshall  sandstone. 
The  Kalamazoo  River  affords  an   ample  supply  of 

water.      However,    it    receives   the    entire    sewage   of 
the  citv  of  Battle  Creek,  with  a  population  of  about 


start  of  Drilling  Work  for  Well  System. 

30,000,  and  could  not  have  been  used  without  filtra- 
tion. Owing  to  the  cost  and  time  of  construction  this 
-•supply  was  not  considered  available.  To  bring  water 
from  Battle  Creek  would  have  required  a  force  main 
about  6  miles  long.  It  also  would  have  required  an 
enlargement  of  the  Battle  Creek  pumping  stations 
or  the  use  of  water  from  Goguac  Lake,  which  was  not 
considered  safe  without  filtration.  The  surface  water 
supplies  from  lakes  in  the  vicinity  of  the  camp  could 
have  been  developed  with  a  minimum  yield  barely 
sufficient  to  cover  the  camp  requirements.  The  sup- 
plies would  have  called  for  a  thorough  control  and 
policing  of  the  watersheds  and  would  have  been  more 
vulnerable  to  poisoning  by  enemy  agents.  It  was 
found  after  careful  investigation  of  local  wells  and  a 
study  of  the  geology  that  a  sufficient  supply  of  water 
could  be  secured  from  the  Marshall  sandstone  if  a 
sufficient  depth  of  the  formation  could  be  located  near 
the  camp.  For  these  reasons  all  efforts  were  bent 
towards  developing  a  water  supply  from  this  source. 
The  available  maps  in  the  office  of  the  State  Geologist 
indicated  the  southerly  limits  of  the  sandstone  to  be 
quite  close  to  the  reservation  and  it  was  therefore 
necessary  to  put  down  test  wells  to  locate  the  sand- 
.stone.  These  were  first  started  on  June  20th  and 
were  put  down  along  the  south  side  of  the  Kalamazoo 
River  adjacent  to  the  building  site  of  the  camp.  No 
sandstone  was  discovered  within  80  to  90  ft.  Test 
wells  were  then  sunk  on  the  north  side  of  the  river, 
the  first  of  which  developed  a  sandstone  formation 
50  ft.  thick  and  yielding  600,000  gal.  of  water  per  day 
from  a  6-in.  well.    Although  this  location  necessitated 
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the  construction  of  a  comparatively  long  main  across      the  top,  2-in.  galvanized  iron  pipe  connected  to  vacuum 


the  bottom  lands  of  the  Kalamazoo  River,  a  perma- 
nent location  vs^as  fixed  and  construction  started  on 
final  lines. 

On  the  basis  of  the  recorded  yield  of  wells  from 
the  Marshall  sandstone  in  the  vicinity  of  Battle 
(,'reek  and  the  records  of  the  test  wells,  it  was  decided 
to  drill  8  wells,  each  10  in.  in  diameter,  and  each  to 
have  an  estimated  minimum  yield  of  500,000  gal.  per 
24  hours.  These  were  placed  200  ft.  apart  in  a  line 
1,400  ft.  long.  The  drilling  of  wells  was  started  on 
July  9th  with  three  "Keystone"  drilling  machines  and 
the  wells  were  practically  complete  on  Sept.  5th,  the 


Lowering  SO   Ft.   of  Universal   Pipe  for  River  Crossing. 

ivverage  rate  of  progress  per  machine  per  day  being 
18  ft.  A  10-in.  steel  well  casing  fitted  at  the  bottom 
with  a  steel  driving  shoe  was  driven  through  about 
60  ft.  of  glacial  drift  and  8  to  10  ft.  into  the  sand- 
stone, thus  sealing  the  rock  from  the  overlying  sand. 
A  10-in.  hole  was  then  drilled  through  the  rock  which 
was  about  50  ft.  thick.  The  wells  varied  in  total 
depth  from  110  to  120  ft. 

The  water  level  in  the  wells  was  found'  to  be  at 
elevation  798  (U.  S.  G.  S.  datum).  It  was  deter- 
mined that  if  the  pumps  were  set  at  elevation  806 
they  would  be  safely  above  high  water  in  the  Kala- 
mazoo River.  The  tops  of  the  well  casings  were  then 
cut  off'  at  elevation  805  to  provide  drainage  from  the 
pumps  back  to  the  wells.  An  8-in.  wrought  iron  drop 
pipe  40  ft.  long  was  hung  in  each  well  and  connected 
to  10-in.  cast  iron  laterals  extenc'ing  from  each  well 
to  the  main  suction  lines  to  the  pumps.  The  maxi- 
mum length  of  suction  line  was  thus  about  900  ft. 
made  up  of  cast  iron  bell  and  spigot  and  Universal 
joint  pipe  from  10  ins.  to  20  ins.  in  diameter  Each 
well  lateral  is  controlled  by  a  valve  set  adjacent  to 
the  main  suction  header.  Furthermore  the  wells  are 
split  into  groups  of  four  so  that  either  group  can  be 
operated  independently  Of  the  other,  the  pumps  being 
located  at  the  middle. 

It  was  originally  intended  to  lift  the  water  from 
the  wells  into  a  reservoir  by  air  lift  and  to  pump  the 
water  from  this  reservoir  to  the  camp.  After  confer- 
ence in  Washington,  however,  it  was  found  that  the 
p.ir  lift  equipment  could  be  used  elsewhere  and  as  the 
static  lift  from  the  water  in  the  wells  to  the  pumps 
v.'as  not  excessive,  a  vacuum  system  was  adopted. 
The  main  suction  lines  from  the  wells  terminate  in 
the  pumping  station  in  two  12-ft.  lengths  of  20-in. 
cast  iron  pipe  set  vertically.     These  have  tapped  into 


pumps.  Two  vacuum  pumps,  built  by  the  American 
Steam  Pump  &  Compressor  Co.  of  Battle  Creek,  are 
provided,  each  with  a  capacity  of  50  cu.  ft.  of  free  air 
l^er  minute.  Gage  glasses  are  tapped  into  the  side  of 
the  vertical  pipes.  The  vacuum  pumps  maintain  a 
sufficient  vacuum  so  that  water  rises  and  stands  in 
the  riser  pipes  several  feet  above  the  pumps.  It  has 
been  found  in  operation  that  the  .suction  lift  amounts 
to  about  15  ft.  and  that  it  is  necessary  to  operate  the 
vacuum  pumps  about  6  per  cent  of  the  time.  The 
suction  lines  have  so  far  been  substantially  air  tight. 

The  pipe  from  the  wells  to  the  pumps  was  built 
in  trenches  from  6  to  15  ft.  deep.  These  were  per- 
manently sheeted  and  the  pipe  covered  with  2  ft.  of 
hay  and  1  ft.  of  earth.  This  method  of  backfilling 
was  adopted  in  order  to  make  the  pipes  more  quickly 
;iccessible  in  case  of  air  leakage.  The  main  pump- 
ing station  at  the  wells  is  designed  for  pumping  at  a 
constant  rate  into  the  storage  tanks.  Three  motor- 
driven  centrifugal  pumping  units,  built  by  the  Ad- 
vance Pump  &  Compressor  Co.  of  Battle  Creek,  are 
provided,  each  with  a  capacity  of  1,000,000  gal.  per 
24  hours.  The  pumping  station  is  built  of  wood  with 
substantial  diagonal  bracing  and  large  doors.  Fire 
protection  is  afforded  by  2  hydrants  and  a  set  of 
Pyrene  tanks. 

From  the  pumping  station  the  force  main  extends 
about  3,900  ft.  to  the  storage  tanks  built  on  the  high- 
est portion  of  the  hills  just  to  the  north  of  the  build- 
ing site.  From  the  pumping  station  to  the  river  this 
pipe  is  made  up  of  12-in.  Universal  pipe  selected  tO' 
facilitate  construction  through  wet   swampy  ground. 

The  construction  of  the  two  pipe  lines  across  the 
river  was  interesting.  First  a  pile  highway  bridge 
was  built,  on  the  down-stream  side  of  which  a  plat- 


A-Frame   Used  for  Setting   Sewer  Grades. 

form  was  set  just  above  the  water.  On  this  Universal 
pipe  was  laid  for  the  entire  width  of  the  river,  and 
loosely  bolted  together.  This  pipe  was  then  hung  on 
8  chain  falls  supported  from  the  floor  of  the  bridge 
i.bove.  In  this  way  a  length  of  90  ft.  of  pipe  was 
lowered  at  once  into  a  shallow  trench  in  the  bottom 
of  the  river.  A  hoisting  engine  on  the  shore  pro- 
vided a  means  of  moving  the  pipe  into  place  longi- 
tudinally. A  second  pipe  line,  laid  about  8  ft.  away 
from  the  bridge  down  stream,  was  of  Class  B,  cast 
iron  bell  and  spigot  pipe  laid  with  lead  wool  joints 
driven  up  by  diver.  The  connections  at  the  shore 
ends  were  made  in  cofferdams.     From  the  south  side: 
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«f  the  river  to  the  storage  tanks,  the  force  main  of 
12-in.  wood-stave  pipe  consists  of  2  lines  across  the 
bottom  lands  and  1  line  on  high  dry  ground.  The 
double  line  on  wet  ground  was  considered  advisable 
because  of  the  difficulty  of  making  repairs. 

There  are  four  storage  tanks,  each  having  a 
capacity  of  200,000  gal.,  making  a  total  of  800,000 
gal.,  equivalent  to  about  10  hours'  supply.  Two  were 
built  by  the  Redwood  Mfg.  Co.  and  two  by  the  Kala- 
mazoo Tank  &  Silo  Co.  The  piping  of  these  tanks 
comprises   a   main    line   between  the  tanks  with  two 


connections  into  each  tank  providing  an  inlet  and  an 
outlet  so  that  the  water  can  be  maintained  in  positive 
circulation  through  any  one  or  all  of  the  four  tanks. 
The  water  level  in  the  tanks  is  about  100  ft.  above  the 
average  ground  level  at  the  building  site. 

In  order  to  increase  the  pressure  of  the  water  at 
the  camp  particularly  during  fires,  a  booster  pumping 
station  was  built  just  below  the  storage  tanks.  Thi.s 
station  includes  7  motor  driven  centrifugal  pump 
units,  two  with  capacities  of  4-'50,000  gal.  per  24 
hours  and  five  with  capacities  of  1,000,000  gal.  per  24 
hours.  These  pumps,  built  by  the  Union  Steam  Pump 
Co.  of  Battle  Creek,  together  afford  a  capacity  for  fire 


The  distribution  system  is  built  almost  entirely  of 
wood-stave  pipe  furnished  by  the  Michigan  Pipe  Co. 
of  Bay  City,  Mich.  The  average, rate  of  pipe  laying 
was  730  ft.  per  gang  per  day  with  a  maximum  of  1,500 
ft.  The  trenching  for  the  pipes  was  done  entirely  by 
8  Austin  trenching  machines.  The  service  lines  from 
the  mains  to  the  buildings  are  of  galvanized  wrought 
iron  connected  to  the  wood  mains  by  corporation 
cocks  screwed  into  the  wood  between  the  bands.  In 
making  connections  between  the  wood  pipe  and  cast 
iron  fittings  or  valves,  the  bells  on  the  iron  side  were 
machined  to  exactly  take  the  spigot  end  of  the  wood 
line  when  driven  up  tight.  There  were  15.5  miles  of 
m.ain  lines  from  6  to  12  in.  in  diameter  and  5.0  miles 
of  service  pipe. 

One  of  the  interesting  features  of  operation  has 
been  the  water  consumption.  The  original  plans  were 
designed  for  an  average  consumption  at  the  rate  of 
55  gal.  per  capita  as  determined  by  the  Cantonment 
Division.  Camp  Custer  was  built  for  35,000  men,  re- 
quiring an  average  water  supply  of  approximately 
2,000,000  gal.  per  day.  With  28,000  present  at  the 
camp,  the  average  consumption  per  capita  was  63 
gal.  and  the  night  flow  from  midnight  to  4  a.  m. 
was  at  the  rate  of  32  gal.  per  capita  per  day.  It  is 
evident  that  with  the  full  quota  of  men  the  average 
per  capita  consumption  will  not  greatly  exceed  the 
Washington  estimate  as  the  total  night  flow  should 
remain  constant  and  should  drop  off  to  about  25  gal. 
per  capita  with  the  larger  number  of  men  at  the  camp. 
The  maximum  use  of  water  occurs  between  6  and  7 
in  the  morning,  and  amounts  to  from  3,500,000  to 
5,000,000  gal.  per  24  hours.  This  high  rate  of  use 
undoubtedly  results  from  the  lavatories  which  con- 
^-ist  of  showers  and  running  taps  with  no  bowls  or 
bath  tubs,  so  that  a  high  use  of  water  at  this  time  is 
lo  be  expected. 

Sewerage  Works. 

There  was  obviously  only  one  outlet  for  sewage  and 
that  was  to  the  Kalamazoo  River.  As  the  camp  was 
finally  located  two  points  of  discharge  were  available, 
(  ne  near  each  end  of  the  camp.  The  rolling  topog- 
raphy and  the  comparatively  slight  difference  in 
elevation  between  the  two  ends  of  the  building  site 
made  the   location  of  sewers  in  shallow  cuts  rather 
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protection  at  the  rate  of  6,000,000  gal.  per  24  hours, 
and  by  the  proper  operation  of  units  make  it  possible 
to  adjust  the  pumping  to  the  varying  demands 
throughout  the  24  hours. 

The  water  from  the  booster  pumping  station  passes 
through  a  Venturi  meter  built  by  the  Simplex  Meter 
Co.  of  Philadelphia.  A  recording  apparatus  in  the 
pumping  station  indicates  and  records  the  total 
amount  of  water  consumed  and  the  rate  of  consump- 
tion at  any  instant.  From  these  records,  therefore, 
the  total  water  consumption  and  maximum  and  mini- 
mum rates  of  consumption  can  be  determined. 

(11 


difficult.  At  the  south  end  of  the  camp  the  topography 
was  so  rough  that  it  was  necessary  to  build  a  small 
sewage  pumping  station  to  serve  the  first  two  regi- 
ments of  infantry.  With  this  assistance,  careful  loca- 
tion and  the  use  of  minimum  grades,  resulted  in  a 
maximum  cut  of  11  ft.  The  depth  of  cut  was  par- 
ticularly important  as  affecting  the  cost  and  rate  of 
construction  because  of  the  character  of  the  soil. 
Without  sheeting  it  was  found  that  ordinary  trenches 
would  not  stand  for  any  length  of  time  at  a  greater 
depth  than  4  to  5  ft.  After  an  attempt  at  sheeting, 
it  was  found  advisable  to  slope  the  banks  of  the 
5) 
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trench  at  Is  horizontal  to  1  vertical,  and  to  put  the 
additional  work  of  excavation  on  the  Austin  trench- 
ing machines.  With  these  adjustments,  the  laying  of 
sewers  was  maintained  very  close  to  the  machine  and 
re-excavation  owing  to  slides  avoided.  Under  this 
arrangement  an  average  progress  of  350  ft.  per  day 
per  machine  "was  maintained  throughout  the  work 
with  a  maximum  of  1,500  ft.  In  very  deep  cuts  some 
sheeting  was  used. 

The  back  filling  was  done  entirely  by  machine,  18 
Double  Quick  back  fillers  made  by  the  Waterloo  Ce- 
ment Machinery  Corp.  being  used  for  this  work. 

With  pipe  laying  so  close  to  the  trenching  machine 
it  was  not  found  feasible  at  all  times  to  set  sewer 
grades  with  batter  boards.  Therefore  an  A-frame 
was  devised.  Two  stakes  were  driven  at  distances  of 
4  and  8  ft.  from  the  center  line  of  the  pipe.  The  tops 
of  the  stakes  were  level  and  at  a  fixed  distance  above 
the  sewer.  The  A-frame  was  built  with  a  4-ft.  over- 
hang so  that  the  pipe  could  be  centered  with  a  plumb 
bob  and  the  grade  determined  with  a  measuring  rod. 
Sets  of  stakes  were  set  at  intervals  of  4  to  8  ft.  as 
required.  The  sewer  pipe  sizes  ranged  from  4  in.  to 
30  in.  Four  inch  pipe  with  a  minimum  grade  of  1.2 
per  cent  were  used  in  a  few  instances  for  house  con- 
nections. 

The  sewage  pumping  station  is  built  of  a  concrete 
sub-structure  and  a  wooden  suoer-structure.  The 
sub-structure  is  divided  to  form  a  storage  well  of 
about  4,000  gal.  capacity.  The  sewage  passes 
through  screens  set  with  1  in.  clear  openings.  Three 
vertical  motor  driven  centrifugal  pumps  furnished  by 
Yeomans  Bros.,  of  Chicago,  are  set  in  the  dry  well 
and  are  operated  by  floats.  Normally  the  pump  farth- 
est from  the  inlet  end  is  operated  in  order  to  maintain 
circulation  through  the  storage  well.  The  pumps  lift 
the  sewage  about  18  ft.  through  a  12-in.  wood-stave 
force  main  approximately  1,800  ft.  long  which  dis- 
charges into  the  east  outfall  sewer. 

The  available  outlets  to  the  Kalamazoo  River  fol- 
lowing depressions  through  the  hills  to  the  north  of 
the  building  site  naturally  divided  the  sewer  system 
into  two  districts.  The  east  district  serves  the  infan- 
try and  wagon  trains  with  a  population  estimated  at 
29,000.  The  west  district  serves  the  artillery  and 
base  hospital  with  a  population  n.mounting  to  about 
6,000. 

The  matter  of  sewage  treatment  before  discharge 
into  the  Kalamazoo  River  was  given  careful  consider- 
ation. The  Kalamazoo  River  is  already  polluted  with 
the  sewage  of  Battle  Creek,  Kalamazoo  and  other 
towns  aggregating  over  100,000  population.  Although 
the  river  was  nowhere  used  as  a  source  of  water  sup- 
ply, the  State  Board  of  Health  was  in  the  midst  of 
negotiations  for  the  installation  of  sewage  treatment 
plants  at  the  towns  discharging  sewage  into  the  river. 
Under  these  circumstances  it  was  not  felt  desirable 
to  discharge  crude  sewage  into  the  river  and  conse- 
quently horizontal  flow,  hopper  bottom  settling  tanks 
were  built  for  each  of  the  two  sewage  districts. 

These  tanks  follow  closely  the  typical  designs  de- 
veloped by  the  Cantonment  Division.  Some  modifica- 
tions, however,  were  made.  In  the  first  place,  the 
height  of  the  building  over  the  settling  tanks  was  in- 
creased about  3  ft.  and  a  walkway  was  built  the  entire 
length  of  the  tanks  to  facilitate  inspection  and  oper- 
ation. The  grit  chamber  was  not  built  in  the  settling 
tank  proper,  but  was  built  as  a  separate  unit  outside. 
This  was  done  in  order  to  facilitate  cleaning  and  in- 
spection and  also  to  make  form  work  during  construc- 


tion easier.  Finally  the  baffles  were  adjusted  some- 
what differently  from  the  typical  designs.  Each  set- 
tling tank  is  planned  with  a  displacement  period  of 
5  hours,  based  on  an  average  sewage  flow  of  55  gal. 
per  capita  of  tributary  population.  Measuring  weirs 
were  installed  at  each  plant  to  determine  the  flow  and 
facilitate  operation. 

General  Progress  Notes. 

The  following  quantities  of  materials  were  used  in 
the  construction  of  the  camp: 

Item.                                                      Quantity.  Carloads. 

Lumber   40,512,000  ft.  B.  II,  1,913 

Nails     11,884  kegs  19 

BooHng  felt   22 

Wall  board   3,600,000  sq.  ft.  41 

Windows   and  doors 77,846  82 

Cement   22,503  bbl.  174 

Brick     1,033,300  966 

Sewers   32.7  miles  206 

Wood  water  pipe 1 5  5  miles 

The  total  number  of  cars  of  material  was  4,100. 
The  actual  construction  period  was  approximately 
120  days,  so  that  an  average  of  34  carloads  of  mate- 
rial was  handled  per  day. 

The  first  inspection  of  the  camp  site  by  the  con- 
struction force  was  made  on  June  13th,  and  a  pre- 
liminary report  on  water  supply  and  sewerage  sent  to 
Washington  on  June  18th.  Test  wells  were  driven 
on  June  20th,  and  a  conference  in  Washington  was 
held  on  June  30th.  Water  supply  plans  were  started 
July  5th,  and  materials  ordered  for  the  water  supply 
on  July  14th.  The  plans  for  the  water  supply  were 
completed  on  July  21st.  Building  work  was  started 
July  5th.  Drilling  of  wells  started  July  9th  and 
water  was  delivered  to  the  camp  in  the  distribution 
system  Sept.  9th.  The  first  sewer  was  laid  on  July 
24th  and  the  main  sewers  were  in  use  on  Sept.  10. 

This  record  of  construction  is  considered  to  be 
unusually  good,  as  was  the  progress  at  all  of  the  can- 
tonments, and  a  number  of  elements  combined  to 
make  this  result  possible.  In  the  first  place  the  gen- 
eral organization  and  program  determined  in  Wash- 
ington by  the  Cantonment  Division  and  Council  of 
National  Defense  were  good  and  their  typical  plans 
and  instructions  combined  great  detail  with  marked 
flexibility  so  that  the  structures  could  be  readily 
adapted  to  varying  local  conditions.  The  distribu- 
tion and  furnishing  of  materials  were  very  helpful. 
The  form  of  contract  adopted  and  the  selection  of  the 
general  contractors  were  of  particular  importance  in 
issuring  the  rapid  completion  of  the  work.  Finally 
the  selection  of  the  Construction  Quartermaster  in 
direct  charge  of  the  whole  undertaking  was,  of  course, 
of  controlling  importance.  The  energy  and  harmony 
with  which  these  various  elements  worked  together 
toward  the  completion  of  the  camp  was  notable. 


Saving  Freight  Cars  by  Good  Loading. — On  77  of 

the  principal  railroads  of  the  United  States,  a  sav- 
ing of  114,109  cars  was  eflfected  in  one  month  this 
year  solely  by  increasing  the  average  loading  of  "less 
than  carload"  freight.  The  reports  on  which  these 
figures  are  based — the  latest  have  been  compiled — 
cover  the  m.onths  of  July  this  year  and  July,  1916. 
They  show  that  the  average  loading  for  that  class 
of  freight  during  July  this  year  was  13,927  lb.,  as 
compared  with  an  average  of  11,619  lb.  during  the 
.''ame  month  last  year.  The  77  railroads  from  which 
reports  have  been  received  were  able  to  move  the 
total  volume  of  less  than  carload  freight  last  July 
in  579,180  cars.  Had  the  average  loading  per  car 
been  at  the  same  rate  as  during  July,  1916,  they 
would  have  been  compelled  to  use  693,289  cars. 
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The  Effect  of  the  War  on  the  Pro- 
duction of  Garbage   and 
Methods  of  Disposal 

Studies  have  been  made  by  the  United  States  Food 
Administration  to  determine  the  efifect  of  the  war 
on  the  production  of  garbage  and  methods  of  dis- 
posal. The  results  of  this  investigation  were  out- 
lined by  Mr.  I.  S.  Osborn  of  the  Division  of  Garbage 
Utilization  in  a  paper  presented  at  the  recent  meet- 
ing of  the  American  Public  Health  Association,  from 
which  the  matter  in  this  article  is  taken. 

The  effects  of  the  war  on  the  production  of  gar- 
bage and  disposal  methods  are  evident  from  follow- 
ing sources :  1.  The  decrease  in  the  quantity  pro- 
duced per  capita.  2.  The  decrease  in  quality  or 
values  recoverable  by  present  day  practice.  3.  The 
tendency  to  change  methods  of  disposal  whereby 
garbage  will  be  utilized. 

The  decrease  in  quantity  of  garbage  has  been 
largely  due  to  the  increased  price  of  foodstuffs,  and 
the  consen-ation  movement  which  has  been  started 
by  the  United  States  Food  Administration  to  elim- 
inate food  wastes.  Up  to  the  present  time  the  in- 
creased prices  have  no  doubt  had  more  effect  in  re- 
ducing the  quantity  than  the  conservation  movement. 

A  reduction  in  the  quantity  of  garbage  is  found  in 
nearly  every  city,  although  there  are  few  cases 
where  the  quantities  have  increased  this  year  over 
previous  years.  From  the  studies  made  by  the  United 
States  Food  Administration,  it  was  found  that  the 
results  from  appro.ximately  60  cities,  which  reported 
on  the  amount  of  garbage  collected,  that  there  was 
an  average  decrease  of  from  12  to  15  per  cent,  al- 
though in  some  cities  an  increase  is  shown  over  pre- 
vious years. 

The  reports  show  in  many  cases  an  excessive  de- 
crease, which  on  an  examination  of  local  conditions 
it  is  found  that  less  attention  has  been  given  to  col- 
lection, and  in  many  cases  garbage  has  been  col- 
lected by  private  collectors  for  feeding  or  rendering. 
On  account  of  the  high  values  of  pork,  as  well  as  the 
by-products  that  can  be  recovered  by  reduction,  pri- 
vate collectors  are  more  numerous  than  in  former 
years.  No  doubt  the  decrease  would  have  been  con- 
siderably greater  except  for  the  large  amount  of 
vegetable  wastes  going  into  the  garbage  pail  from 
home  gardens,  which  were  the  result  of  agitation  the 
forepart  of  the  year. 

The  decrease  in  the  quantity  of  garbage  may  not 
necessarily  show  a  saving  made  as  regards  the  elim- 
ination of  food  wastes.  The  amount  of  grease  recov- 
ered from  the  garbage,  however,  is  a  better  indicator 
than  the  quantity  of  garbage  collected. 

While  the  quantity  of  garbage  may  not  continue  to 
decrease,  as  this  factor  is  regulated  largely  by  sea- 
sonal crops  which  vary  from  year  to  year,  or  the  in- 
creased amount  of  fresh  vegetables  from  home  gar- 
dens, or  an  exceptional  amount  of  home  canning  or 
preserving,  there  can  be  little  doubt  that  the  quan- 
tity of  grease  to  be  recovered  from  a  ton  of  garbage 
will  continue  downward  while  the  present  conditions 
as  to  foods  continue. 

The  meats  are  the  chief  source  of  grease  in  gar- 
bage. From  the  data  collected  during  the  past  9 
months,  where  recoveries  of  grease  from  garbage  are 
made,  it  shows  a  decrease  of  30  per  cent  in  the 
amount  recovered  over  the  same  period  during  the 
year  1916,-  but  the  actual  percentage  of  grease  per 
ton  of  garbage  shows  a  reduction  of  approximately 
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15  per  cent.  No  doubt  there  has  been  a  greater  re- 
duction in  the  consumption  of  meats  than  was  indi- 
cated by  the  decrease  in  the  anaount  of  grease  re- 
coverable from  garbage.  This  is  evidenced  today  in 
the  purchase  of  meat  at  practically  every  market, 
v.'here  the  scraps,  gristle,  rind,  bone,  in  fact  all  wastes 
which  were  originally  trimmed  off  and  sold  to  ren- 
dering companies,  are  now  in  the  majority  of  cases 
pushed  off  on  the  purchaser  at  the  price  of  the  edible 
meat  purchased,  so  that  in  proportion  to  the  amount 
of  meat  that  is  now  purchased,  a  greater  waste  is 
found  b.v  the  purchaser  than  formerly.  The  chief 
evidence  of  this  is  found  in  the  reduced  amount  of 
scraps  that  were  formerly  purchased  by  rendering 
companies,  and  the  shortage  of  this  material  in  pro- 
portion to  the  total  amount  of  meats  sold  at  the  pres- 
ent time. 

One  of  the  noticeable  features,  as  regards  the 
(.hange  in  garbage,  is  the  fact  that  the  greatest  change 
as  to  quantit.v  and  quality  is  found  in  what  is  known 
f  s  the  middle  class.  This  is  no  doubt  due  to  the  fact 
that  the  wealthier  class  have  not  changed  their  mode 
of  living  on  account  of  the  high  cost  of  foods  and 
are  able  to  afford  the  same  at  the  increased  cost. 
The  poorer  section,  made  up  principally  of  laborers, 
have  been  in  a  position  to  purchase  food  at  the  higher 
prices,  on  account  of  the  high  prices  paid  for  labor 
and  the  increased  money  available. 

The  middle  class,  however,  have  not  had  a  cor- 
lesponding  increase  in  income  comparable  with  the 
increased  cost  of  foods. 

The  decrease  in  garbage  produced  will  no  doubt 
continue,  not  only  during  the  period  of  the  war,  but 
several  years  following,  due  to  the  habits  that  are 
formed  by  the  people  in  the  preparing  or  conserv- 
ing of  food,  and  in  the  majority  of  cases  there 
will  of  necessity  be  a  readjustment  of  conditions  in- 
sofar as  disposal  work  is  concerned.  The  disposal 
of  garbage  from  necessity  will  change  to  meet  the 
future  conditions. 

The  methods  for  the  disposal  of  garbage  at  the 
present  time  can  be  classified  as  follows:  1.  Burial. 
2.  Dumping.  3.  Incineration.  4.  Feeding.  5.  Reduc- 
tion. 

The  first  two,  burial  and  dumping,  are  carried  on 
at  a  low  cost,  but  the  only  result  obtained  is  the  get- 
ting rid  of  the  material.  The  values  are  lost,  and 
unless  proper  attention  is  given  they  are  liable  to 
create  a  nuisance. 

Until  recently,  there  has  been  a  strong  tendency 
towards  incineration,  especially  among  the  smaller 
cities.  This  method,  in  nearly  every  case,  has  been 
carried  on  at  a  considerable  expense  to  the  munici- 
pality, both  for  installation  as  well  as  operation, 
with  no  returns  from  any  source,  except  in  very  few- 
cases,  where  power  has  been  developed,  but  in  the 
most  instances  the  cost  of  development  has  been 
greater  than  the  revenue  obtained. 

There  is  a  strong  tendency  at  the  present  time  to- 
wards the  adoption  of  other  methods  of  disposal  in- 
stead of  incineration,  whereby  valuable  returns  may 
be  made  from  garbage  which  would  be  destroyed. 
Cities  contemplating  the  installation  of  incinerators 
have  adopted  methods  for  utilization,  and  in  some 
cases  where  incineration  plants  have  been  in  service 
for  a  number  of  years  there  is  a  movement  to  abandon 
this  practice  and  adopt  methods  whereby  garbage 
will  be  utilized. 

Realizing  the  shortage  of  materials  such  as  gar- 
bage contains,  the  method  of  destruction  from  stand- 
point of  conservation  is  wrong,  although  from  a  san- 
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itary  standpoint  this  method  of  disposal  can  be  con- 
.^idered  one  of  the  most  desirable. 

Disposal  by  feeding,  or  the  adoption  of  piggeries 
for  the  disposal  of  garbage,  is  a  method  that  will  be 
found  desirable  in  a  large  number  of  cities,  although 
in  the  larger  cities  no  doubt  other  methods  more  suit- 
able can  be  adopted.  It  is  being  demonstrated  that 
where  proper  care  is  given  to  this  method  of  disposal 
very  satisfactory  results  are  obtained,  and  no  doubt 
with  more  attention  given  to  this  method  greater  ad- 
vance will  be  made. 

To  the  average  mind  the  feeding  of  garbage  to  hogs 
is  very  objectionable,  but  when  ordinary  precautions 
are  taken  with  regard  to  cleanliness  the  feeding  can 
be  done  in  a  wholly  unobjectionable  manner,  and 
when  conducted  properly  in  a  businesslike  manner 
there  can  be  little  objection  to  this  method  of  dis- 
posal. 

When  we  realize  that  from  each  1,000  population 
there  is  produced  waste  from  the  preparation  of  food 
sufficient  to  main  25  hogs  and  develop  them  to  a 
point  ready  for  the  market,  it  is  evident  that  by  this 
method  of  disposal  one  of  the  greatest  economies  can 
be  obtained  when  properly  conducted. 

With  the  present  price  of  pork  garbage,  when  dis- 
posed of  by  feeding,  will  produce  from  $7  to  $8  in 
value  for  each  ton. 

It  is  evident  from  the  values  that  can  be  obtained 
from  this  source  that  in  the  smaller  cities  and  com- 
munities where  garbage  can  be  properly  collected  and 
controlled,  that  no  other  method  of  disposal  will  show 
the  same  returns  from  an  economic  standpoint  as  the 
feeding  to  pigs,  and  no  doubt  there  will  be  a  great 
tendency  towards  the  adoption  of  this  method  under 
the  present  prevailing  conditions,  as  well  as  the  fu- 
ture conditions  which  are  expected. 

The  method  of  disposal  whereby  garbage  is  re- 
duced and  the  valuable  by-products  are  recovered  in 
the  form  of  grease  and  fertilizer  tankage  no  doubt 
will  continue  to  dispose  of  the  garbage  produced  from 
the  larger  cities  and  prove  to  be  the  most  advan- 
tageous method  that  can  be  adopted  under  proper 
conditions.  The  decrease  in  the  quantity  of  garbage, 
as  well  as  the  values  that  can  be  recovered,  will  in- 
fluence to  a  large  extent  this  method  of  disposal. 
There  will  no  doubt,  however,  be  sufficient  wastes  in 
the  larger  communities  having  sufficient  values  to 
warrant  the  adoption  of  this  method. 

The  decrease  in  quantities  of  by-products  to  be  re- 
covered will  to  a  large  extent  be  offset  by  the  in- 
creased values  of  the  by-products,  and  at  the  same 
time  there  will  be  a  tendency  to  recover  additional 
by-products  not  now  attempted.  There  are  develop- 
ments under  way  at  the  present  time,  and  equipment 
being  installed  whereby  additional  recoveries  besides 
tankage  and  grease  will  be  made. 

From  present  indications  garbage  will  be  more 
valuable  for  the  recovery  of  by-nroducts  than  when 
the  grease  and  tankage  were  obtained  in  larger  quan- 
tities. There  is  an  ever-increasing  demand  for  the 
tankage  produced  from  garbage  for  use  in  the  manu- 
facture of  fertilizer.  A  large  amount  of  animal  tank- 
age formerly  used  for  fertilizer  has  been  deflected 
into  other  sources,  so  that  at  the  present  time  there  is 
,&  great  shortage  of  this  material. 

There  has  been  objection  to  garbage  tankage  as  a 
fertilizer.  The  price  of  nitrogenous  fertilizer  is  de- 
termined by  the  available  nitrogen.  By  the  old  meth- 
ods of  determining  the  available  nitrogen  of  gar- 
bage tankage  it  was  found  to  be  low,  but  from  the 
actual  soil  tests  made  by  the  United  States  Depart- 


ment of  Agriculture,  Bureau  of  Soils,  it  was  found 
that  the  material  decomposed  readily  and  afforded 
a  rapid  available  nitrogen  supply.  The  necessity  for 
the  use  of  all  available  nitrogenous  fertilizer  mate- 
rial will  make  a  greater  demand  and  no  doubt  gai'- 
bage  tankage  will  be  considered  equal  to  other  ma- 
terials for  the  manufacture  of  fertilizer. 

The  values  of  the  by-products  produced  by  the  ex- 
isting reduction  plants  at  present  prices  will  amount 
to  $8,500,000  for  grease  and  $2,250,000  for  fertilizer 
tankage. 

From  the  garbage  tankage  as  produced  from  all 
the  reduction  plants  at  the  present  time  there  can  be 
produced  annually  about  9,000,000  lb.  nitrogen,  25,- 
000,000  lb.  bone  phosphate  lime  and  2,500,000  lb.  of 
potash.  The  grease  that  is  produced  is  split  up  into 
various  by-products,  the  glycerine  content  being  the 
most  valuable.  From  the  garbage  grease  produced 
in  the  plants  operating  in  the  United  States  8,000,000 
lb.  of  nitro  glycerine  can  be  produced  from  the  re- 
covered glycerine,  after  which  from  the  grease  used 
for  the  manufacture  of  soaps  there  can  be  produced 
approximately  200,000,000  12-oz.  cakes  of  soap. 

The  amount  of  garbage  that  is  produced  per  capita 
per  day  is  small,  but  when  we  realize  all  the  wastes 
that  are  produced  in  this  form  from  the  total  popu- 
lation the  amount  is  tremendous. 

There  are  two  sides  to  the  problem  of  utilization — 
its  cost  to  the  community  and  the  revenues  that  can 
be  obtained  from  utilizations — and  when  we  consider 
the  problem  of  conservation,  even  if  there  were  no 
revenues,  it  is  desirable  to  utilize  all  valuable  ele- 
ments which  otherwise  would  be  wasted. 

There  is  a  great  shortage  of  the  materials  that  can 
be  produced  from  garbage.  It  is  not  a  question  of 
profit;  every  community  should  utilize  its  wastes  and 
make  available  from  this  source  everything  possible 
for  the  country's  needs. 

The  food  problem  will  not  end  with  the  war.  The 
consei-vation  of  food  will  always  be  necessary — the 
shortage  of  fats  and  fertilizer  will  remain  a  problem 
for  years  to  come,  and  the  installation  of  proper 
methods  for  the  utilization  of  garbage  will  not  only 
contribute  to  help  under  present  conditions,  but  re- 
main a  permanent  benefit  for  future  years.  The  pub- 
lic will  not  soon  forget  the  present  lessons  being 
taught  in  economy.  The  effects  of  this  will  remain 
long  after  the  necessity  has  disappeared,  and  no 
doubt  the  people  will  never  again  waste  so  much 
through  the  medium  of  the  garbage  can  as  they  have 
in  the  past. 


Bids  will  be  asked  about  Feb.  1  by  the  Director  of 
Public  Service  of  Toledo,  O.,  for  constructing  inter- 
cepting sewers,  containing  6  miles  of  42-in.  to  72-in. 
pipe.  The  improvement  also  includes  a  pumping 
plant,  and  will  involve  a  total  expenditure  of  approx- 
imately .$700,000.  This  is  the  first  portion  of  a  $2,800,- 
000  project  authorized  on  Nov.  6. 


The  new  river  and  harbor  bill,  as  presented  to  Con- 
gress, calls  for  appropriations  aggregating  $29,507,- 
000.  Of  the  total  $10,000,000  is  for  flood  control  of 
the  Mississippi  River,  $2,475,000  for  improvement  of 
New  York  Harbor  and  $5,000,000  for  9-ft.  channel 
in  the  Ohio  River. 


The  Miami  Conservancy  District  of  Dayton,  0.,  has 
rejected  all  bids  received  several  weeks  ago  for  the 
construction  of  flood  prevention  works,  and  will,  it 
is  understood,  carry  out  the  work  bv  dav  labor. 
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American  Water  Works  Labora- 
tories 

Interesting  data  on  the  laboratory  procedure  at 
various  water  works  have  been  collected  by  Mr.  Jack 
J.  Hinman,  Jr.,  Water  Bacteriologist  and  Chemist  of 
the  State  Board  of  Health  Laboratories  at  the  State 
University  of  Iowa.  As  the  result  of  a  questionnaire 
sent  to  all  cities  of  over  25,000  population  in  the 
United  States  and  Canada  and  to  some  smaller 
places,  information  was  obtained  on  an  average  daily 
pumpage  of  more  than  3,000  million  gallons,  of  which 
2,800  million  gallons  supplying  cities  and  towns  of 
about  17,000,000  population  in  1910,  is  protected  by 
laboratory  control  directly  under  the  supervision  of 
the  water  works  officials  or  their  superior  officials. 
The  results  of  the  investigation  are  summarized  by 
Mr.  Hinman  in  a  paper  presented  Oct.  10  before  the 
Iowa  Section  of  the  American  Water  Works  Asso- 
ciation.    An  abstract  of  the  paper  follows: 

In  the  control  of  the  96  plans  which  supply  the 
2,800  million  gallons  of  water  daily,  203  laboratory 
workers  are  employed.  Of  these,  95  have  the  title 
of  chemist  or  assistant  chemist.  Many  of  the  others 
have  the  title  superintendent  of  titration  or  labora- 
tory director,  and  so  on.  Some  of  these  men  have 
had  chemical  training.  Some  are  engineers  who 
have  picked  up  the  rudiments  of  water  examination 
and  carry  on  such  determinations  as  are  necessary 
for  their  plants.  The  preponderance  of  one-man 
laboratories  is  significant  and  The  variety  of  the 
work  which  must  be  performed  is  worthy  of  notice. 
In  addition  to  the  widely  differing  subjects  of  bac- 
teriology, microbiology  and  chemistry  of  water,  mis- 
cellaneous chemical  and  bacteriological  work  must 
be  entered  into.  If  the  laboratory  man  is  also  an 
engineer,  so  much  the  better. 

Beginning  with  the  laboratory  maintained  by  the 
city  of  New  York  since  1897  and  that  of  Utica,  N. 
v.,  established  in  the  same  year,  we  have  a  rapidly 
increasing  number  of  laboratories  established  dur- 
ing the  succeeding  19  years.  Six  plants  with  a  com- 
bined average  pumpage  of  32.5  million  gallons  per 
day  are  now  installing  laboratories. 

Twelve  plants  with  a  combined  pumpage  of  45 
million  gallons  per  day  have  dailv  examinations  made 
at  outside  laboratories.  The  JNIetropolitan  Water 
District  which  supplies  Boston  and  some  neighboring 
communities  is  a  State  Commission.  It  maintains  its 
own  laboratory  and  supplies  a  little  more  than  100 
millions  of  gallons  of  water  daily. 

Of  the  plants  reporting,  23  are  owned  privately,  72 
municipally  and  one  by  the  United  States  Govern- 
ment. The  employes  of  29  of  the  municipally  owned 
plants  and  those  of  the  Government  plant  are  se- 
lected by  civil  service  methods. 

Rivers  and  streams  form  the  direct  source  of  68 
plants  out  of  the  96  that  have  their  own  laborato- 
ries; the  remaining  sources  are  lakes,  impounded 
waters  from  more  or  less  satisfactorily  protected 
water  sheds  and  in  a  few  instances  wells  and  infil- 
tration galleries.  Those  plants  which  do  not  main- 
tain laboratories  are  nearly  all  using  the  water  of 
wells,  or  impounding  reservoirs.  None  of  them  sup- 
ply more  than  an  average  pumpage  of  16  million 
gallons  per  day.  One  or  two  pump  direct  from 
streams  without  treatment. 

The  quantity  of  the  laboratory  work  done,  as  well 
as  the  particular  determinations  made,  are  depend- 
*'nt    upon    local    conditions.      For   instance,    there    is 


very  little  use  in  determining  iron  every  day  unless 
the  raw  water  contains  that  metal  in  sufficient  quan- 
tities to  precipitate  or  aid  the  g;-owth  of  iron-secrety 
ing  organisms. 

Color  and  turbidity  are  usually  determined  in  the 
raw  and  treated  supplies  if  the  water  is  coagulated 
and  filtered.  These  factors  give  us  a  somewhat 
rough  indication  of  the  efficiency  of  the  treatment. 
Alkalinity  is  another  common  determination  since  it 
limits  the  amount  of  coagulant  which  may  be  put 
into  a  water  without  the  addition  of  alkaline  sub- 
stances, such  as  lime,  soda  ash  or  bicarbonate  of 
soda.  Free  carbon  dioxide  is  carefully  watched  in 
some  plants — particularly  those  that  soften  the 
water,  remove  iron,  or  use  the  iron  and  lime  process. 
Incrustants  and  other  matters  are  determined  where 
the  conditions  justify. 

Occasional  complete  sanitary  chemical  examina- 
tions are  usually  considered  sufficient,  since  chem- 
ical standards  based  upon  the  ordinary  factors  of  a 
sanitary  analysis  often  mean  very  little  when  ap- 
1  lied  to  the  routine  examination  of  a  treated  water. 
As  a  matter  of  fact  the  oxidation  of  nitrogen  in  one 
of  our  rapid  sand  filters  is  almost  negligible  and  any 
evidences    of    pollution    which    appear     in     the    raw 
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Increase     n    Laboratory    Control    of   Water   Purificat 
Plant    or    Department    Laboratories. 

water  will  be  but  slightly  modified.  This  state  of 
affairs  has  led  to  error  on  the  part  of  individuals 
who  have  attempted  to  judge  a  treated  water  upon 
the  basis  of  the  commonly  stated  chemical  stand- 
j.rds.  In  the  case  of  stored  or  impounded  waters 
considerable  oxidation  may  take  place  and  the  de- 
termination of  the  nitrogen  factors  may  become  of 
greater   importance. 

Mineral  analyses  are  valuable  to  users  of  water 
for  steam  making,  but  those  individual  firms  which 
enter  seriously  into  the  problem  of  softening  a  sup- 
ply usually  make  their  own  determinations  of  a  few 
important  factors.  There  are  quite  a  few  boiler 
plants  in  most  communities  which  use  proprietary 
boiler  compounds,  prepared  upon  the  basis  of  special 
analyses  by  the  manufacturers  of  the  compounds  or 
upon  the  examinations  of  the  laboratory  of  the  water 
plant.  Of  course,  an  analysis  of  the  city  water  show- 
ing its  excellence  for  all  industrial  purposes  is  a 
good  advertisement. 

In  general,  however,  it  may  be  said  that  a  quar- 
terly mineral  analysis,  a  weekly  or  monthly  sanitary 
chemical  analysis  and  routine  determinations  of 
color,  turbidity,  temperature,  alkalinity,  free  carbon 
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dioxide,  free  chlorine  and  similar  determinations, 
ought  to  meet  all  demands  for  chemical  examinations. 
In  discussing  chemical  determinations  very  little 
reference  to  the  procedures  is  necessary  since  the 
procedures  laid  down  in  the  Standards  Methods  of 
Water  Analysis  of  the  American  Public  Health  Asso- 
ciation are  so  universally  followed. 

Plankton  examinations  are  made  by  but  32  of  the 
plants  listed.  In  many  cases  they  are  not  necessary. 
Where  water  is  impounded  or  stored  in  open  reser- 
voirs, routine  plankton  examinations  are  useful  in 
indicating  the  proper  time  for  copper  treatment  be- 
fore odors  and  tastes  due  to  algae  growths  have  be- 
come objectionable. 

When  working  with  a  treated  water,  the  bacteriolo- 
gical determinations  are  of  the  highest  importance. 
In  most  instances  it  is  they  which  determine  the  effi- 
ciency and  adequacy  of  the  treatment  given.  The 
arbitrary  standards  of  efficiency  applied  to  water 
treatment  are  rapidly  becoming  more  and  more  rigid. 
The  original  filters  which  the  New  Chelsea  Water 
Co.  of  London  installed  about  1829  were  considered 
efficient,  if  they  merely  removed  the  turbidity  of  the 
Thames  water.  Then  a  good  many  years  later  came 
Koch's  standard  of  a  maximum  of  100  bacteria  per 
c.c.  This  standard  was  applied  to  water  of  all  kinds. 
Later  a  standard  based  upon  a  percentage  removal 
of  bacteria  came  into  vogue.  The  percentage  stand- 
ard of  plant  efficiency  is  not  satisfactory  because 
when  one  is  treating  a  good  raw  water  the  product 
may  show  a  low  percentage  efficiency  and  yet  actually 
be  of  the  best  quality.  On  the  other  hand,  when  the 
raw  water  is  high  in  bacteria  the  effluent  may  be 
high  also  and  still  be  within  the  limit  set  up. 

Within  the  past  year  or  so,  Wohlmann  of  the  New 
Jersey  State  Board  of  Health  has  proposed  a  logarith- 
mic ratio  standard  which  has  some  advantages.  It 
requires  that  the  ratio  of  the  logarithm  of  the  num- 
ber of  bacteria  in  the  raw  water  to  the  logarithm  of 
the  number  of  bacteria  in  the  treated  water  shall  be 
less  than  2.5  to  1.  In  effect  it  requires  that  as  the  con- 
tamination of  the  raw  water  increases,  the  efficiency 
of  operation  must  increase  at  a  more  rapid  rate.  This 
standard  undoubtedly  has  its  limitations,  but  it  is  a 
convenient  device  for  supervision  of  operation  of  a 
number  of  plants. 

At  the  same  time  that  the  strictly  numerical  bac- 
terial standards  of  operation  have  been  evolving, 
other  standards  based  upon  the  freedom  of  the  water 
from  certain  kinds  of  bacteria,  such  as  the  colon 
bacillus  and  the  sewage  streptococci  have  been  de- 
veloping also.  In  our  country  the  sewage  strepto- 
cocci have  been  worked  with  but  little,  while  in 
Europe — particulary  in  Germany — the  validity  of  our 
conclusions  based  upon  work  on  the  B.  coli  has  been 
questioned. 

There  exists  considerable  difference  of  opinion  as 
to  the  maximum  number  of  bacteria  of  the  colon 
type  which  may  be  allowed  in  a  safe  water.  The 
presence  of  B.  coli  in  one  cubic  centimeter  quanti- 
ties of  the  water — except  occasionally  found  organ- 
isms— is  generally  recognized  as  sufficient  to  con- 
demn a  supply.  In  addition  it  has  been  said  that  it 
should  be  absent  from  the  majority  of  10  c.c.  sam- 
ples of  the  treated  water.  Constant  absence  in  5, 
10,  50  and  even  100  c.c.  have  been  recommended.  A 
few  years  ago  the  United  States  Treasury  Depart- 
nient  Standard  for  water  supplied  to  trains  carrying 
passengers  in  interstate  traffic  was  promulgated. 
Briefly  this  standard  required  that  a  water  should 
not   contain    more   than    100   bacteria   at   37°    C.   and 
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that  not  more  than  one  out  of  five  10  c.c.  plantings 
of  the  water  into  lactose  broth  should  show  the  colon 
bacillus.  This  was  practically  equivalent  to  setting 
a  limit  for  colon  at  one  in  50  c.c.  This  standard  was 
adopted  as  the  majority  report  of  the  committee  ap- 
pointed. It  aroused  considerable  opposition  from 
the  water  men  when  first  adopted,  but  the  Govern- 
ment officials  explained  that  it  was  not  intended  for 
city  supplies,  but  for  the  small  amount  of  water  sup- 
plied to  passengers.  Since  then  it  has  been  required 
Lhat  bottled  spring  waters  and  mineral  waters  should 
pass  this  Treasury  Department  test. 

Many  of  the  plants  are  working  to  the  Treasury 
Department  standard,  a  few  are  working  to  even 
higher  standards,  while  some  mention  only  a  re- 
moval of  turbidity  and  color.  Some  of  the  standards 
are  very  high  and  with  some  waters  would  be  prac- 
tically, impossible  to  achieve  except  at  a  very  high 
cost.  This  points  to  the  fact  that  arbitrary  stand- 
ards are  apt  to  be  unjust  in  that  they  require  all 
waters  to  reach  a  certain  degree  of  purity  which  may 
not  be  essential  to  the  safety  of  the  supply. 

The  practical  uniformity  of  procedure  in  the  chem- 
ical determinations  of  a  water  analysis  has  not  ex- 
isted in  the  bacteriological  procedures  due  to  the 
changes  and  ambiguity  which  were  introduced  by 
the  committee  into  the  second  edition  of  the  Stand- 
ard Methods  of  Water  Analysis.  The  third  edition, 
which  was  published  this  year  (1917),  is  furnished 
with  a  much  clearer  statement  of  bacterial  methods 
and  no  doubt  will  aid  materially  to  clear  away  the 
confusion  which  exists. 

In  considering  the  methods  used  we  will  find  least 
variation  in  the  plating  because  the  possibilities  for 
variation  are  not  so  great.  In  the  body  temperature 
determinations  some  workers  use  litmus  lactose  agar 
I  v,hich  gives  the  opportunity  of  recognizing  acid 
forming  bacteria  in  addition  to  making  the  count) ; 
others  use  the  plain  nutrient  agar.  At  20°  C.  many 
c  f  the  older  laboratories  use  gelatine  while  others 
employ  agar  on  account  of  its  lack  of  trouble  with 
Mquefiers  and  its  general  convenience.  In  some  lab- 
oratories the  37'  C.  or  body  count  is  omitted,  while 
in  more  laboratories  the  20°  count  is  omitted  because 
of  the  recommendation  of  committee  in  the  second 
edition  of  Standard  Methods.  Fortunately  the  third 
edition  has  restored  the  20°  C.  count. 

In  regard  to  the  colon  bacillus  there  is  the  great- 
est diversity  of  method.  Some  are  satisfied  with  gas 
formation  in  dextrose  or  lactose  broth  at  the  risk  of 
calling  a  considerable  number  of  tests  positive  when 
the  gas  formation  is  due  to  other  organisms  than  the 
colon  bacillus.  Some  prefer  lactose  bile.  Others 
make  confirmatory  tests  on  all  gas-bearing  tubes. 
These  confirmatory  tests  vary  widely.  They  may 
consist  in  making  simple  streaks  on  litmus  lactose 
.'.gar  or  on  Endo's  fuchsine-sulphite  medium,  or  they 
may  extend  to  cultures  in  a  series  of  sugar  media, 
motility.  Gram's  stain,  and  so  on  and  on.  The  new 
standard  methods  have  prescribed  a  method  using 
litmus  lactose  agar  and  lactose  broth,  which  will  un- 
doubtedly come  rapidly  into  use  and  enable  one  to 
know  on  reading  a  report  whether  any  discriminat- 
ing methods  of  identifying  the  colon  bacillus  have 
been  adopted. 

The  chief  business  of  most  of  the  laboratories  re- 
porting is  the  control  of  the  water  supply,  but  many 
of  them  further  justify  their  existence  by  making 
examinations  of  other  substances.  Where  time  per- 
mits or  sufficient  assistance  is  provided,  analyses  of 
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the  chemicals  used  in  the  water  purification  may  be 
made,  as  well  as  the  coal,  oils  and  so  on.  Purchases 
of  these  substances  under  the  usual  guarantees  may 
be  enforced — often  at  a  considerable  saving. 

In  city  work,  food  and  drug  inspection,  the  milk 
supply  and  its  inspection,  the  examination  of  ce- 
ment, paving  materials,  and  all  city  supplies  may  be 
put  under  the  control  of  the  laboratory  chief. 

Where  the  laboratory  men  are  trained  in  that  line 
of  work,  the  city  laboratory  may  make  the  examina- 
tions of  the  board  of  health's  routine.  These  in- 
clude specimens  of  blood  for  diagnosis  of  typhoid, 
sputum  for  tuberculosis,  throat  cultures  for  dipth- 
theria,  and  so  on.  Some  of  the  last  may  be  reported 
from  10  to  24  hours  sooner  than  the  state  laboratory 
could  report  and  a  difference  of  this  much  time  some- 
times means  the  loss  of  a  life. 

Regarding  the  filtration  plant  operation  it  is  hard 
to  draw  general  conclusions  other  than  that  most  of 
the  plants  are  operating  efficiently.  All  do  not  treat 
the  same  sort  of  water  by  any  means.  The  variation 
in  turbidity,  color,  alkalinity  and  bacterial  content 
of  the  raw  water  is  very  great.  The  turbidities  range 
up  to  12,000,  the  color  to  480  and  alkalinity  from  —90 
to  580.  The  maximum  body  temperature  count  of 
bacteria  on  the  raw  water  is  210,000;  the  maximum 
of  the  20°  count  is  1,000,000  organisms  per  c.c. 

In  going  over  the  tables  of  chemicals  used,  the 
variation  in  the  necessary  doses  is  clear.  The  fol- 
lowing short  summary  of  the  figures  is  self-explana- 
tory : 


.■Aluminum  sulphate. 

[ron  sulphate 

Lime   

Hydrated   lime 

Calcium  hypochloriti 
Chlorine    


Average  of  max- 

ilaximum in  lbs. 

imum  figures. 

per  million 

I.b. 

per  million 

gallons. 

gallon. 

1.275 

.?34.5 

S50 

349 

.3.S00 

915 

852 

316 

Other  factors  of  special  interest  are  the  sedimen- 
tation period  and  the  storage  period  of  the  treated 
waters.  For  mcst  of  the  rapid  sand  plants  the  co- 
agulation period  is  less  than  6  hours.  About  one- 
fourth  of  these  plants  have  a  storage  of  treated 
water  of  less  than  1  hour — a  condition  which  may 
often  lead  to  difficulties  in  case  of  fire.  The  maxi- 
mum storage  of  filtered  water  reported  is  as  great 
as  10  days,  but  the  average  is  about  6  hours.  The 
generally  adopted  rate  of  operation  is  125  million 
gallons  per  acre  per  day. 


Cost  of  Water  Main  Construction 
at  Pasadena,  Cai. 

The  accompanying  table,  rearranged  from  the  an- 
nual report  of  the  Water  Department  of  Pasadena, 
Cal.,  shows  the  average  cost  per  lineal  foot  of  laying 
cast  iron  water  mains  in  that  city.  The  price  covers 
the  4-year  period  1914-1917.  The  table  also  includes 
an  estimate  of  the  cost  of  pipe  laying  based  on  labor 
.'tnd  material  prices  presumably  of  September,  1917. 
Prior  to  June  30  last  common  laborers  in  the  Water 
Department  were  paid  at  the  rate  of  $2.40  per  8-hour 
day.  Their  pay  has  now  been  increased  to  $2.65. 
Some  of  the  monthly  men  also  have  been  increased 
$5  per  month,  so  that  the  cost  of  the  labor  item  in  fu- 
ture operation  and  construction  is  about  10  per  cent 
greater. 

The  figures  in  the  table  include  all  charges  for  pipe. 
liftings,  labor  and  paving  charges.  The  latter  item. 
it  should  be  noted,  gives  rise  to  considerable  irregu- 
larities in  the  general  average  where  there  is  not  a 
great  amount  of  pipe  laid. 

COST     PEU    LINEAL    FOOT    OF    CAST    IROK    WATER    MAIN 

CONSTRICTION-  BY  FISCAjL.  TEARS  AND  ESTIMATE 

AT    SEPTEMBER,    1917,    PRICES. 

4-lN.  CLASS  B  CAST  IRON  MAINS 

Estimate 

based 
on  Sept.. 


laMl      15.71.5 


13.534 


Material     $0,487 

Labor     222 

.Vuto  and  team  serv- 
ice     012 

I  >\  erheart    059 


Total     $0,780       $0,750       $0,846       $0,816 

6-IN.  CLASS  B  CAST  IRON  MAINS, 
laid     19,S7S         6,691       12,546       11,334 


Feel 


-Material      $0,678 

Labor     257 

Autoandteam  serv- 
ice      017 

Overhead    076 


Total     $1,028  $1,152       $1,045       $0,993       $1,040 

S-IN.  CLASS  B  CAST  IRON  MAINS. 

Feet    laid    11.955  1,622         2,748         7.323       23,64S 

.Material     $1,042  $1.06: 

Unbor     323  .37 

.\uto  and  team  serv- 
ice     018  .03 

Os'erhead    107  .13 


Total     $1,490       $1,603       $1,499       $1,564       $1,523 

10-IN.  CLASS  B  CAST  IRON  M.AJNS. 
Feet    laid    3,541         1.831       749         6,121 

Material     $1,290       $1,270       $1,413       $1,299 

Labor     385  .422       494  .409 

Autoandteam  serv- 


Nearly  $1,000,000,000  Asked  for  Engineer 
Operations  of  U.  S.  Army 

Engineer  operations,  including  the  equipment  of 
the  corps  and  railroad  and  other  construction  for  the 
expeditionary  force  in  France,  will  cost  nearly  $1,000,- 
000,000  in  1919.  The  exact  estimate  made  public  last 
week  in  the  annual  report  of  Major  General  William 
Black,  chief  of  engineers,  is  $892,000,000  and  is  based 
on  providing  for  the  engineer  operations  of  1,500,000 
men.  Equipment  of  the  engineers  with  the  reg- 
ular necessary  appliances  is  estimated  at  $135,000,- 
000.  For  this  work  this  year  Congress  appropriated 
$1,174,000,  but  a  deficiency  of  $12,100,000  was  in- 
curred in  outfitting  the  10  special  railway  regiments 
alone.  One  of  these  regiments  helped  stem  the  Ger- 
man assaults  on  the  British  front  at  Cambrai  last 
week.  Congress  provided  $94,500,000  for  engineer 
(.perations  this  year,  but  deficiency  items  totalling 
$186,000,000  have  been  submitted. 
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Total    $1,804       $1,875       

12-IN.  CLASS  B  CAST  IRON 
f\-et   laid    8,588       


$3,087       $1,860 
JLA.INS. 
1.674       10.262 


Lilaterial     $1,600 

Labor     410 

-Vuto  and  team  serv- 
ice     024 

Overhead    180 


$1,953 
.643 

.056 


Total    $2,214       

14-IN.  CLASS  B  CAST  IRON 
Feet   laid    1,200 


Material     

Ijabor     

Autoandteam  serv- 


$2,847       $2,317 
MAINS. 


'  2b-iN.  'class  a  c.vst'"iron  ' 

3.053       


Material     

l.,abor     

Autoandteam  serv- 
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Design  and  Construction  Metliods 

for  Copper  Lining  for  City 

Tunnel  of  New   York 

Catskill  Aqueduct 

Slight  cracks  having  developed  in  nortinns  of  the 
city  tunnel  of  the  Catskill  Aqueduct  of  New  York 
City,  the  Board  of  Water  Supply  decided  to  cover  these 
stretches  with  a  flexible  metal  lining  to  insure  water- 
tightness.  This  work  is  described  in  the  last  annual 
report  of  the  Board,  from  which  the  matter  following 
has  been  taken : 

The  cracks  in  the  City  tunnel  occurred  in  a  stretch 
south  of  Shaft  18  and  another  stretch  north  of  Shaft 
J  9.  Minute  examination  of  the  affected  tunnel  showed 
that  any  appreciable  movement  of  the  concrete  lining 
had  been  confined  to  the  following  localities: 

1.  A  stretch  about  1,000  ft.  long  lying  under  Broad- 
way from  a  point  near  the  corner  of  23rd  St.  opposite 
Madison  Square  to  20th  St.  2.  A  stretch  about  200  ft. 
long  under  Broadway  nearly  opposite  East  11th  St. 
o.  Two  stretches,  respectively  60  ft.  and  95  ft.  long, 
.showing  very  minor  movement,  under  Broadwav  near 
East  12th  St. 

The  maximum  movement  occurred  in  the  first  de- 
scribed stretch,  and  its  most  obvious  manifestation 
was  a  maximum  opening  of  about  ^s  in.  at  the  .ioint 
in  the  concrete  lining  between  side-wall  and  arch. 
There  were  also  certain  diagonal  cracks  in  various 
places  in  a  stretch  more  than  100  ft.  long,  embracing 
fhe  point  of  maximum  side-wall  joint  opening.  The 
remainder  of  this  stretch  and  the  200-ft.  stretch  here- 
inbefore mentioned  showed  very  much  less  disturb- 
ance, but  there  were  so  .many  stretches,  more  or  less 
separated,  but  overlapping,  on  the  two  sides  of  the 
tunnel,  where  there  was  a  perceptible  movement  at 
the  joint,  that  it  was  impracticable  to  do  otherwise 
than  to  make  a  continuous  repair.  The  last  mentioned 
two  stretches,  namely,  in  the  vicinity  of  12th  St.,  were 
marked  principally  by  a  slight  flow  through  the  side- 
wall  joint  with  considerable  red  and  black  deposit, 
doubtless  due  to  living  organisms  in  the  incoming 
leakage.  In  these  stretches  the  movements  were  so 
slight  that  the  repairs  were  confined  to  just  the  side- 
wall  joints  and  did  not  cover  the  remainder  of  the 
periphery. 

Studies,  Designs  and  Tests. 
The  idea  of  a  metal  shell  not  strong  enough  to  take 
the  pressures  in  the  tunnel  but  furnishing  water- 
tightness  had  been  developed  from  the  earliest  de- 
signs of  pressure  tunnels  for  the  Catskill  Aqueduct. 
These  stretches  were,  however,  the  first  occasions 
where  a  design  of  this  general  type  appeared  to  be 
feasible  and  necessary.  The  movements  were  obvi- 
ously such  as  were  occasioned  by  quite  local  com- 
pression of  the  surrounding  rock.  After  a  careful 
study,  it  was  concluded  that  a  sheet  copper  lining  had 
the  necessary  qualities  of  permanence  and  flexibility, 
particularly  as  corrugations  could  be  introduced  which 
would  pul!  out  and  so  relieve  much  of  the  tensile 
stress  in  the  copper. 

The  adoption  of  the  flexible  lining  did  not  in  any 
way  lessen  the  precautions  adopted  at  the  same  time 
for  using  the  more  thorough  method  of  consolidating 
the  ground  so  far  as  possible  by  forcing  portland 
cement  grout  into  the  rock  through  many  holes  drilled 
through  the  concrete  lining  into  the  rock,  especially 
near  larger  cracks  and  in  general  throughout  the  af- 
fected  stretches.      The   grouting   repair  was   consid- 
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tred  the  flrst  line  of  defense  and  was  done  very  thor- 
oughly, after  first  cutting  out  and  calking  all  cracks 
with  lead  wire  to  prevent  the  grout  from  flowing  back 
into  the  tunnel. 

A  full  peripheral  copper  lining  was  adopted  for  the 
more  important  stretches,  namely,  the  1,000-ft.  stretch 
and  the  200-ft.  stretch.  For  the  two  short  stretches, 
where  the  movement  was  very  slight,  it  was  con- 
cluo'cd  that  it  would  be  sufficient  to  cover  the  side- 
wall  joints  alone,  and  a  strip  about  30  in.  wide  was 
used.  The  thickness  of  the  copper  was  5'64  in.,  and 
it  was  furnished  in  sheets  5  ft.  wide  and  12  ft.  long, 
;ill  joints  being  brazed  in  place.  A  concrete  walk 
about  4  ft.  wide  and  4  in.  thick  was  laid  in  the  invert 
over  the  copper  to  avoid  injury  by  traflic.  In  all 
the  .stretches  lined  with  copper,  80  2-in.  bronze  flap- 
valves  were  used,  so  that  when  the  tunnel  is  emptied 
pressure  on  the  outside  of  the  copper  will  be  relieved 
and  will  not  cause  the  collapse  of  the  copper. 

Longitudinal  Corrugations  in  Copper  Lining. — The 
copper  sheets  5  ft.  wide  and  12  ft.  long  were  placed 
with  their  long  direction  parallel  with  the  axis  of 
the  tunnel.  It  therefore  required  eight  such  sheets 
V  ith  eight  longitudinal  joints  to  line  a  stretch  of 
tunnel  12  ft.  long;  also  a  ring  joint  every  12  ft.  In 
each  sheet  there  were  placed  two  longitudinal  cor- 
lugations  having  i:^-in.  depth  and  radii  of  curvature. 
An  extra  corrugation  was  also  placed  in  each  sheet 
near  the  edge  to  take  up  the  progressively  increased 
lap  of  the  sheet  when  the  longitudinal  joints  were 
brazed.  The  corrugations  in  one  stretch  12  ft.  long 
were  joined  in  the  same  line  with  the  correspond- 
ing corrugations  in  the  next  stretch.  These  corruga- 
tions had  two  purposes:  (1)  To  enable  the  copper 
rfter  brazing  to  be  forced  back  against  the  concrete 
lining  without  putting  tension  into  the  copper;  and 
(2)  to  provide  slack  so  that  a  slight  lifting  or  ex- 
liansion  of  the  concrete  lining  could  take  place  with- 
out causing  undue  tensile  stresses  in  the  copper. 

To  satisfy  the  latter  purpose,  the  corrugations  had 
to  fall  within  a  maximum  spacing,  otherwise  the  fric- 
tion which  the  plate  would  have  against  the  concrete 
lining  due  to  being  pressed  there  by  the  internal 
water  pressure  would  be  sufficient  to  cause  fracture 
of  the  copper  lining  by  tension  instead  of  simply  al- 
lowing the  copper  to  slip  and  so  to  relieve  the  stress 
by  a  flattening  of  the  corrugation.  Considering  the 
net  internal  pressure  as  about  130  lb.  to  the  square 
inch  and  the  coefficient  of  friction,  as  determined  by 
rude  experiments,  of  copper  on  concrete  to  be  about 
one-third,  the  tensile  load  on  the  copper  due  to  a  move- 
ment of  the  lining  would  be,  per  linear  inch,  one- 
half  the  distance  between  corrugations  multiplied  by 
one-third  of  the  internal  water  pressure,  or  130  lb. 
With  two  corrugations  per  5-ft.  plate;  that  is,  with 
corrugations  spaced  about  30  in.,  the  load  per  linear 
inch  would  be  about  650  lb.  As  the  copper  is  5/64 
in.  thick,  the  tensile  stress  would  be  about  8,500  lb. 
per  square  inch.  Considerations  of  this  sort  deter- 
mined the  number  of  corrugations  as  two  rather  than 
one  per  plate,  which  brought  the  spacing  to  approxi- 
mately 30  in. 

Tests  of  Corrugations  in  Copper  Lining. — In  con- 
nection with  the  design  and  e.xecution  of  the  copper 
work,  several  laboratory  tests  were  made  to  see  how 
the  corrugations  behaved  under  tensile  tests  simulat- 
ing conditions  which  might  take  place  in  case  the 
copper  lining  was  expanded  by  internal  pressure, 
either  due  to  its  not  hugging  the  concrete  tightly, 
when  installed,  or  due  to  a  movement  of  the  concrete 
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lining.  The  first  of  these  tests  was  of  a  plain  cor- 
rugation ^2  in.  deep  and  with  V2-in.  radius  fillets. 
This  pulled  out  readily,  and  at  a  stress  of  9,000  lb. 
per  square  inch  in  the  copper  was  perfectly  flat. 

Two  other  tests  were  made  of  samples  cut  from  the 
lining  after  brazing  and  were  taken  so  as  to  include 
Two  corrugations  for  a  length  of  about  9  in.,  including 
the  double  thickness  brazed  together  at  the  circular 
seams.  In  the  first  specimen  a  crack  opened  in  the 
brazed  joint  at  one  of  the  corrugations  when  the  ex- 
tension at  this  corrugation  was  ^4  in.  and  at  the  adja- 
cent corrugation  somewhat  over  '2  in.,  the  stress  in 
the  plate  being  about  .3,000  lb.  per  square  inch.  The 
corrugations  were  entirely  flattened  at  about  9,000  lb. 
per  square  inch,  but  the  joints  had  been  further  dam- 
aged in  raising  the  stress  from  3,000  lb.  to  9,000  lb. 
per  square  inch.  In  the  second  test  of  the  brazed 
corrugations,  both  corrugations  in  the  specimen  were 
completely  flattened  without  damage  to  the  joint  at 
a  stress  of  about  9,600  lb.  per  square  inch  in  the  cop- 
per plate.  The  lengthening  of  the  specimen  due  to 
flattening  the  corrugations  was  0.3  in.  at  one  cor- 
rugation and  0.4  in.  at  the  other.  The  theoretical 
lengthening  due  to  straightening  the  corrugation  is 
0.4  in. 

Brazing  Copper  Lining. — Riveted  and  soldered  up- 
standing seams  were  considered  and  would  have  been 
possible,  e.xcept  for  the  presence  of  the  ring  seams. 
Upstanding  seams  were  not  practicable  for  the  ring 
seams  on  account  of  resistance  to  flow  of  water  and 
the  impossibility  of  carrying  the  corrugations  across 
such  joints.  Tests  of  flat  joints  made  by  soldering 
showed  less  toughness  than  those  made  by  brazing, 
and  furthermore  the  sweated  joints  made  with  solder 
required  a  closer  contact  between  the  plates  than  ap- 
peared feasible  under  field  conditions,  where  a  mere 
brazing  of  the  plates  against- the  concrete,  without 
opportunity  to  squeeze  them  together  as  in  a  vise, 
would  have  to  be  depended  upon.  Experiments  with 
brazed  joints  showed  that  fracture  would  take  place 
elsewhere  than  at  the  brazing.  Originally  the  cop- 
per had  a  strength  of  approximately  30,000  lb.  to 
the  square  inch;  but  adjacent  to  the  brazing  it  would 
fracture  at  from  17,000  to  25,000  lb.  per  square  inch, 
showing  the  weakening  of  the  copper  due  to  the  hot 
flame. 

Brazing  was  selected  as  the  most  practical  method 
for  making  strong  and  water-tight  joints  with  corru- 
gations running  through  from  end  to  end.  Before 
so  determining,  experiments  were  tried  in  brazing 
both  the  longitudinal  and  ring  seams  placed  in  a  po- 
sition directly  overhead  as  would  occur  at  the  very 
top  of  the  tunnel.  In  this  position  a  speed  of  about 
1  in.  of  joint  per  minute  was  obtained  in  the  brazing 
experiments.  A  speed  of  12  ft.  per  hour,  about  double 
the  speed  above  noted,  was  obtained  by  good  braziers 
on  the  more  convenient  joints  in  the  actual  work. 

It  is  the  common  experience  in  brazing  long  seams 
that  the  lap  progressively  increases  due  to  the  ex- 
pansion of  the  heated  copper  plate  and  the  progres- 
sive fixation  of  the  joints  at  greater  laps  when  the 
brazing  metal  cools  after  the  flame  goes  by.  To  over- 
come reduction  in  periphery  of  copper  due  to  this 
difficulty,  it  was  found  necessary  to  use  an  additional 
corrugation  adjacent  to  each  longitudinal  seam.  The 
same  tendency  was  present  in  the  ring  seams,  but 
here  no  roundabout  corrugation  was  possible.  Hence 
the  difficulty  was  mitigated  as  much  as  practicable 
by  straining  back  the  unbrazed  parts  of  joints  so  as 
to  reduce  the   initial   lap.     Even  with  these  precau- 
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tions  the  ring  cracked  in  places  due  to  the  strain- 
ing and  required  local  rebrazing. 

Anchor  Bolts  in  Copper  Lining. — Each  plate  5  ft. 
wide  and  12  ft.  long  was  erected  separately  and  an- 
chored in  position  by  four  12-in.  tap  bolts  screwed 
into  iron  castings  which  had  been  previously  set  in 
arilled  holes  and  secured  by  mortar.  The  end  of  the 
anchor  casting  was  so  made  that  after  the  plate  had 
been  erected  the  position  of  the  anchor  could  be  de- 
termined by  hammering  the  copper  in  its  general  lo- 
cation where  the  print  of  the  casting  would  show 
through.  The  copper  was  then  drilled  through  and 
the  '  2-in.  tap  bolt  set.  These  tap  bolts  were  of  com- 
l>osite  construction,  the  threaded  portion  being  steel 
and  the  head  of  bronze.  A  lead  grommet  was  used 
under  the  head  to  make  a  water-tight  connection. 

At  approximately  every  200  ft.  in  the  long  stretch 
of  lining  and  in  each  end  thereof  was  placed  a  ring 
of  sixteen  ■';4-in.  anchor  bolts  of  the  same  construc- 
tion as  the  V2-in.  bolt  for  the  purpose  of  preventing 
movement  of  the  copper  due  to  such  minor  changes 
of  temperature  as  were  likely  to  take  place  during 
ihe  period  of  construction.  A  maximum  temperature 
jange  of  10°  either  side  of  the  temperature  of  erec- 
tion was  assumed,  and  a  plate  of  thick  sheet  copper 
was  placed  at  each  of  these  anchor-bolts  to  form  a 
bearing  in  order  that  the  anchor-bolt  might  be  effec- 
tive in  shear  to  prevent  the  temperature  movement. 

End  Diaphragm,  Copper  Lining. — Each  of  the 
.stretches  of  complete  copper  lining  was  terminated 
by  an  annular  diaphragm  of  i>i-in.  copper  plate 
grouted  into  a  channel  in  the  concrete  for  a  depth 
of  8  in.  The  outer  edges  of  these  diaphragms  were 
turned  parallel  with  the  surface  of  the  tunnel  and 
the  copper  lining  was  brazed  to  them.  These 
diaphragms  had  two  functions,  namely,  to  prevent  the 
leakage  around  behind  the  copper  lining  and  to 
anchor  the  copper  lining  against  the  larger  tempera- 
ture stresses  which  would  result  with  water  in  the 
tunnel  varying  from,  say,  35°  to  65°  F.  It  is  evident 
that  while  the  ring  stresses  due  to  temperature  or 
other  cause  are  relieved  by  the  corrugations,  the  lon- 
gitudinal stresses  due  to  temperature  have  to  be  taken 
up  by  stress  in  the  copper.  A  drop  in  temperature 
of  30°  from  the  temperature  at  which  the  copper  is 
erected  will  cause  a  stress  of  about  6,000  lb.  per 
.•square  inch  in  the  copper. 

Flap  Valves  for  Copper  Lining. — The  2-in.  flap- 
valves  placed  to  allow  inward  leakage  through  the 
copper  lining  so  as  to  prevent  collapse,  but  to  close 
so  as  to  prevent  outward  leakage,  are  of  such  a  de- 
sign as  to  be  held  against  the  seat  by  the  weight  of 
the  flap  or  by  the  counter-weight  when  placed  over- 
head so  that  it  takes  about  0.3  lb.  per  square  inch  to 
open  them.  These  flap-valves  are  of  government 
bronze  and  all  clearances  in  the  hinges  are  liberal 
to  avoid  sticking  by  corrosion.  Similar  valves  in  the 
Hudson  pressure  tunnel  were  found  operating  prop- 
erly after  about  a  year's  use  with  highly  mineralized 
water.  To  avoid  use  of  these  valves  it  would  have 
been  necessary  to  put  in  an  inner  lining  of  concrete 
sufficiently  strong,  say  6  in.  thick,  to  resist  the 
ground-water  head.  This  lining  had  the  triple  objec- 
tion that  it  would  interfere  with  the  elasticity  of  the 
copper,  would  reduce  the  size  of  the  waterway  and 
would  materially  increase  the  time   of  construction. 

Tests  for  Watertightness  of  Copper  Lining. — The 
specifications  provided  for  external  tests  of  the  com- 
pleted copper  lining  by  water  standing  slightly  above 
the  top  of  the  copper.     Internal  wooden  bracing  was 
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also  specified  to  prevent  the  collapse  of  the  copper. 
These  tests  were  conducted  succe.ssfully,  dividing  the 
lining  into  short  stretches  for  test  by  means  of  pack- 
ing placed  outside  of  the  copper  at  intervals,  against 
which  internal  bracing  squeezed  the  copper  so  as  to 
prevent  the  water  used  for  testing  from  traveling 
longitudinally  into  the  next  stretch.  Each  stretch 
of  lining  was  tested  and  defects  in  the  brazing  re- 
paired, and  the  lining  retested  until  no  further  leaks 
were  observed. 

Construction  Methods. 

Proposals  were  opened  Feb.  1,  1916,  for  furnishing 
and  placing  the  copper  lining  in  the  tunnel.  The 
unit  bidding  prices  are  shown  in  Table  I.  The  work 
was  awarded  on  Feb.  4  to  Lupfer  &  Remick,  Buffalo, 
N.  Y.,  and  on  Feb.  2.3  they  began  in.stalling  plant. 
Construction  was  started  by  driving  a  short  inclined 
access  drift  at  the  foot  of  Shaft  18  section-valve  well 
to  the  tunnel  at  a  point  about  25  ft.  south  of  the  sec- 
iion-valve.  All  cracks  in  the  concrete  lining  within 
and  adjacent  to  the  sections  to  be  lined  had  previously 
been  cut  out  and  calked  under  an  informal  agreement 
for  the  purpose  of  cutting  off  the  inflow  of  water  and 
retaining  the  grout  during  subsequent  operations. 
Holes  were  now  drilled  around  the  entire  periphery 
of  the  tunnel  in  these  sections  beginning  at  the  south 
end  of  the  work.  These  holes  were  from  2  to  10  ft. 
deep,  most  of  them  being  of  the  greater  depth,  and 
were  grouted  fro  the  purpose  of  filling  all  cracks  and 
seams,  and  thus  preventing  further  yielding  of  the 
rock  or  the  egress  of  water. 

Grouting  was  begun  on  April  12  and  was  in  prog- 
ress in  the  tunnel  until  the  end  of  August.  The  usual 
methods  of  grouting  were  adopted.  Air-stirring 
grouting  machines  and  high-pressure  air-compressors 
were  used,  and  the  grout  was  generally  forced  in 
under  pressures  of  100  to  300  lb.  per  square  inch. 
In  the  1,200  ft.  of  tunnel  which  were  copper  lined 
about  1,800  holes,  totaling  10,000  lin.  ft,  were  drilled, 
and  about  44,000  cu.  ft.  of  grout,  in  mixture  varying 
from  2V4  to  SV2  cu.  ft.  of  cement  per  cubic  yard  of 
grout,  were  placed,  using  about  1,500  bbl.  of  cement. 
The  leaner  mixture  of  grout  was  used  except  in  holes 
taking  grout  very  freely. 

On  April  25  the  erection  of  the  copper  lining  was 
commenced  at  the  south  end  of  the  work.  The  cop- 
per, which  was  5/64  in.  thick,  was  delivered  to  the 
work  in  sheets  5  ft.  wide  and  12  ft.  long,  each  weigh- 
ing about  220  lb.  Eight  of  these  sheets  assembled 
with  the  greatest  dimension  parallel  with  tunnel  made 
up  a  complete  ring.  Before  erection  each  sheet  was 
originally  given  two  longitudinal  corrugations  of  1/2- 


in.  radius  which  provided  an  excess  length  about  the 
periphery  of  the  tunnel  of  about  3/16  in.  in  each  cor- 
rugation to  insure  against  rupture  of  the  lining  in 
the  event  of  some  slight  movement  of  ,the  concrete. 

Each  sheet  was  erected  separately,  jacked  and 
hammered  back  against  the  concrete  tunnel  lining 
and  held  in  final  position  by  four  ^2-in.  by  4-in.  steel 
anchor-bolts  with  bronze  acorn  nuts  with  lead  wash- 
ers. The  invert  sheets  were  not  thus  anchored,  as 
the  concrete  placed  after  the  erection  of  the  lin- 
ing, was  deemed  sufficient  to  hold  this  portion  of 
the  lining  in  place.  After  the  erection  of  all  but 
the  invert  sheets  in  a  stretch  of  tunnel  the  longi- 
tudinal joints  were  first  brazed  and  then  the  circular 
joints  were  made.  In  the  invert  the  process  was  re- 
versed, the  transverse  joints  being  made  first  and 
the    longitudinal    joints    last. 

The  copper  sheets  were  given  a  minimum  lap  of  1 
in.  in  the  joints.  Before  brazing,  all  surfaces  in 
contact  in  these  joints  were  thoroughly  cleaned  with 
an  electrically-operated  emery  buffing-wheel,  and 
with  muriatic  acid,  where  the  wheel  could  not  reach. 
The  latter  method,  however,  was  not  used  to  any 
great  extent  on  account  of  injurious  fumes  given  off 
by  the  acid  when  the  metal  was  heated.  In  order  to 
obtain  a  satisfactory  joint  it  was  necessarj-;  in  braz- 
ing that  the  two  sheets  in  the  lap  should  be  in  close 
contact.  To  this  end  there  was  devised  for  the  longi- 
tudinal joints  a  clamp  of  2i2-in.  heavy  iron  pipe 
about  13  ft.  long,  with  ''.s-in.  holes  spaced  about  3  in. 
apart  along  its  length.  A  piece  of  '2-in.  round  iron 
alaout  7  in.  long,  with  a  helical  spring  around  it,  was 
placed  in  each  hole  and  upset  slightly  inside  the  pipe 
to  give  a  bearing  for  the  spring.  This  clamp  could 
be  set  up  quickly  and  was  strong  and  self-adjusting. 
Three  jacks  were  used  to  hold  the  clamp  in  position 
along  the  joint,  and  to  obtain  the  pressure  desired. 
The  clamp  for  the  circular  joints  was  similar  except 
that  it  was  4  ft.  long  and  curved  to  fit  the  tunnel. 

The  brazing  material  was  a  composition  wire  spel- 
ter 5/32  in.  in  diameter,  64  per  cent  copper,  36  per 
cent  zinc,  with  a  small  amount  of  iron  and  sulphur. 
Borax  was  used  as  a  flux.  For  the  brazing  an  ordi- 
nary oxy-acetylene  torch  was  employed,  using  a  slight 
excess  of  acetylene.  The  pressure  used  on  the  torch 
was  about  17  lb.  and  the  temperature  obtained  varied 
from  5,000  to  6,000°  F.  After  the  borax  solution  was 
applied  to  the  joint  the  brazier  started  at  one  end 
with  the  torch,  heating  the  copper  until  the  metal 
was  just  below  the  melting  point,  at  the  same  time 
feeding  the  spelter  to  the  joint  until  the  thin  space 
Ijetween  the  plates  was  cftmpletely  filled.  A  mini- 
mum width  of  braze  of  ^4   in.  was  required. 


TABLE  I.— BIDS  RECEIVED  FEB.   1,  1915,  BY  THE  BOARD  OF  WATER    SUPPLY    OF    NEW    YORK    CITY    FOR    FURNISHING 
AND  PLACING  COPPER  LINING  IN  A  PORTION  OF  THE  CITY  TUNNEL  OF  CATSKILL  AQUEDUCT. 

Average 
Description.  Unit.  Quantity.        .\.»  B.  C.  D.  E.  F.  G.  H.  i.  item. 

Copper  lining  around  whole 
periphery'  of  12-ft.  tunnel  and 
all  appurtenances,  includingLin.  ft.  of  tun- 
concrete  walk    nel   lined 1.200 

End  anchorages  or  water-stops.\nchorage   or 
for  copper  lining water  stop ....  4 

Copper       lining       in       isolated 
patches   ..Sq.    ft 1.000 

2-in.  brass  flap-valves Flap-valve    80 

Drilling  holes  for  grouting Lin.    ft 5,000 

Steel  pipes  for  grouting,  etc.  .Lin.    ft 2,000 

Making  connections  for  grout- 
ing   Connection    ....    1,000 

Mixing  and  placing  grout Cu.  ft .5,000 

Removing  and   replacing   riser 
valves  Riser  valve 2 

Amounts  of  bids $130,050  $146,300  $147,380  $162,600    $163,620  $1S1,300  $192.20 

Time:  5  months.  Bond  required:  $60,000.  'Awarded  contract.  A — Lupfer  &  Remick.  5S4  Ellicott  Sq..  Buffalo,  N.  Y.  B — The 
Marble  Arch  Co..  216th  St.  and  Broadwav.  New  York  Citv.  C— Booth  &  Flinn.  Ltd..  17  Battery  PI..  New  York  City.  D— Chas.  Meads 
&  Co..  38  Park  Row.  New  York  Citv.  E — Henrv  E.  Fox  Construction  Co.,  81  East  125th  St.,  New  York  City.  F— Mason  &  Hanger 
Co..  52  Vanderbilt  Ave..  New  York  City.  G— W.  F.  Plass  &  Bro.,  Inc..  145-151  "tt'cst  18th  St.,  New  York  City.  H— William  Heyman. 
15  Exchange  PI..  Jersey  Citv.   N.   J.     I— Ward   &   Tullv.   Inc..   3Stb    St.  and  10th  Ave.,  Brooklyn,   "    " 


$S9.00 

$110.00 

$110.00 

$119.00 

$115.00 

$130.00 

$124.00 

$110.00 

$110.00 

$113.00 

250.00 

400.00 

170.00 

650.00 

700.00 

450.00 

350.00 

1,000.00 

1,000.00 

552.22 

5.50 
5.00 
1.75 
.55 

4.00 

10.00 

.50 

.75 

5.50 

10.00 

.20 

.20 

6.00 

15.00 

.60 

.50 

5.00 

14.00 

.60 

.60 

13.50 
5.00 
1.00 
.30 

5.00 
25.00 
3.00 
2.00 

7.00 
30.00 
1.50 
1.50 

28.00 
50.00 
1.50 
3.00 

S.S3 

18.22 

I.IS 

.93 

1.00 
.90 

2.00 
.30 

1.50 
1.00 

1.00 
.60 

3.50 
.60 

i.no 

1.00 

3.00 
2.00 

4.00 
.50 

4.00 
2.00 

2.33 
.99 

500.00 

200.00 
$146,300 

250.00 
$147,380 

1,000.00 
$162,600 

3.000 

500.00 

1,500 

16,000 

10,000  ; 

!,661.11 

130,050 

$163,620  i 

>1S4,300 

$192,200 

$194,400 

$213,500  . 
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An  interesting  feature  of  the  brazing  was  the  Before  accepting  the  copper-lined  tunnel,  the  lin- 
^'creep"  of  the  sheets  due  to  the  heating  effect  of  the  ing  was  tested  by  external  water  pressure  equivalent 
brazing.  When  the  work 'was  started  at  one  end  of  to  a  3-ft.  head  on  the  arch.  Wocrden  segments,  spaced 
&  12-ft.  section,  after  jacking  the  entire  joint  to-  16  in.  center  to  center  along  the  axis  of  the  tunnel, 
gether  with  the  minimum  lap  of  1  in.  it  was  found  and  braced  from  roof  to  invert,  were  placed  to  sup- 
on  the  completion  of  the  brazing  that  the  lap  had  port  the  copper  lining  while  under  test.  Wedges 
increased  to  1^2  in.  at  the  other  end  with  a  conse-  were  driven  between  the  segments  and  the  copper 
quent  drawing  away  of  the  sheet  from  the  wall  of  hammered  until  it  was  in  contact  with  the  concrete, 
the  tunnel  between  the  joint  and  the  next  row  of  an-  The  200-ft.  stretch  was  tested  in  one  section,  and 
chor-bolts.  This  difficulty  was  partially  overcome  the  1,000-ft.  stretch  in  seven  sections.  The  patches 
by  applying  more  pressure  to  the  joint,  and  was  were  also  similarly  tested.  All  leaks  uncovered  by 
finally  obviated  in  the  1,000-ft.  section  by  inserting  these  tests  were  repaired  and  the  hydrostatic  test  re- 
another  corrugation  near  the  edge  of  the  plate  which  peated  until  the  section  was  tight. 
permitted  the  copper  to  be  hammered  back  after  braz-  a  large  proportion  of  leaks,  in  general  very  mi- 
ing  without  losing  the  desired  fullness  provided  in  ,iute,  were  in  the  circular  seams,  especially  at  the 
the  original  corrugation.  longitudinal  corrugations,  and  their  repair  was  diffi- 

The  sheets  in  the  southerly,  or  200-ft.,  stretch  and  cult  as  the  stresses  produced  by  the  expansion  and 

in  the  patches  were  erected  with  the  original  two  cur-  contraction  of  the  metal  under  local  heating  were  in 

rugations  only,  and  were  placed  in  contact  with  the  many  cases  too  great  for  the  brazed  joint  to  stand, 

■concrete    after    brazing    by    hammering   and    slightly  ;,nd  another  crack  would  develop  near  the  one  being 

stretching    the    copper    between    points     of     support,  repaired.      After   satisfactorv    external    tests    on    the 

The   creeping   tendency   was   counteracted    somewhat  ^■^■^g    ^^^^    completed    the    tunnel    was    thoroughlv 

in  circular  seams  by  removing  all  but  the  lowermost  ..leaned,  the  access  drift  at  Shaft  18  closed,  and  at  the 

anchor-bolts  of  the  12-ft.  ring  of  copper  about  to  be  ^^^^  ^^  ^^^             ^^^  ^^^^^^^^  ^^^  completed  except 

brazed,  drawmg  it  away  from  the  completed  portion  ^^^  ^^^^^,^j   ^^               ^^^    ^^^ 

Vs  in.  at  the  bottom  where  brazing  was  started  and  *.  r  i.-  ^  i  i.,_  ^  ..  »,^,, 
,,  .  ^  ^,  ^  u  -4-  ™  1  i^^A  rru„  „,.<.„„  amount  of  estimates  passed  on  the  contract  was  $163,- 
%  in.  at  the  top  where  it  was  completed.  The  creep  „^  ^  nn  i.  ^  xi  ^,  \ 
resulting  from  the  heat  treatment  brought  the  sheets  '^\^"  «™o""t  27  per  cent  greater  than  the  amount 
in  the  lap  back  to  their  proper  relations.  Two  braz-  authorized  to  be  expended  under  the  contract.  This 
iers  were  employed  in  this  operation,  working  away  's  accounted  for  by  the  large  quantity  of  grout  used 
from  each  other" toward  the  top  of  the  circular  joint.  over  that  originally  estimated.  The  contractor's 
From  time  to  time  sections  of  the  brazed  joint  ^^^^^  averaged  68  men  per  day,  the  maximum  em- 
were   cut   out   and   tested   to    determine   its    strength  Ployed  being  125  and  the  minimum  11  men. 

which  was  found  to  vary  from  1,345  to  2,370  lb.  per  

linear  inch;  in  most  cases  the  copper  tore  before  the  r^       f        f    Trithhiiviin   PlAiinind   with 

brazing  gave  way.     The  ends   of  the   copper   in   the  ^OSt    OI    ^atnoaSlIl  ^^ICailing  WlTIl 

1,000-ft.  and  200-ft.  stretches  were  brazed  to  copper  qq  AutO  EductOF 

diaphragms   grouted    into    channels    cut    in    the    con-  ....          ,.          ^                    j.  ^   .      ■        ■     ,    ■ 

Crete  lining  of  the  tunnel.     At  the  ends  of  each  sec-  Machine   cleaning  of  sewer  catch   basins   is   being 

tion  of  the   copper  lining  and  at  intervals   of  about  f^one  by  the  Bureau  of  Sewers  of  Chicago,  of  which 

150  ft.,   ^4.-m.  by  5-in.  steel  anchor-bolts  with  brass  Geo.  E.  McGrath  is  Superintendent,  at  a  cost  of  about 

cap  nuts,  with  2-in.  by   5-in.   by   %-in.   brass  plates  !?1.30  per  catch  basin.    The  average  cost  of  this  work 

between  the  brass  nuts   and  the    lining,    were   sub-  by  hand  during  the  past  4  years  has  been  $3.24  per 

stituted   for  the   ^2-in.    anchor   bolts,   their   function  catch  basin.     The  machine  used  is  known  as  the  auto 

being  to  hold  the  copper  lining  in  place  against  tem-  eductor.    It  consists  essentially  of  a  centrifugal  pump 

perature  changes.     In  the  case  of  patches,  sheets  of  j.^d  suction   device  attached  to  a  motor  truck.     The 

copper  about  44  in.  wide  and  of  varying  length,  were  p^j^p  jg  driven   by  a  power  take  off  attached  to  the 

placed  and  made  to  conform  to  the  concrete  surface,  driving  shaft  of  the  truck 

The  edges  of  1.he  .sheets  were  brazed  to  strips  of  cop-  ^^^  following  statement,  compiled  from  the   dailv 

per  already  placed  and  grouted  m  the  concrete  lin-  ^,^^^^^  ^^^  ^j^   .^  ^^^  g^^^^^  ^^  g^^^^^^  ^^^^^  ^^^ 

'"^'                                                      .               ,           ,     i  work  performed  and  the  cost  of  operation  of  the  auto 

A  total  of  14  000  lin-".  of  joint  wa.s  brazed  at  an  ^^^^^^^  ^^^  ^^^  ^_^^^^^        .,^^,  ^^  ^^            September 

average  rate  of  about  60  ft.  of  horizontal  and  48  ft.  nn^r^ha,-    1Q17- 

of  circular   ioint  per  brazier  and   helper  per  8-hour  «*"«  uctooei,  uii . 

'day.     Approximately  3  cu.  ft.  of  oxygen,  3Vi  cu.  ft.  eosT  of  opekation. 

n^   Qr.ofi'lo7-io     QnrI    9   nv     nf   qnpltpr  wprp    used    ner  foot       0"e  chauffeur,  3  months  @   $115.00  per  month $    345.00 

Ox   acetjlene,   ana   Z   OZ.   OI   speiier  were   Uheu   pei    luou  ^^^  laborer  in  charge  cf  auto  crew.   2  mos.   (S    $3.00  per 

of  horizontal   joint,  the  circular    joint    requiring  20         day >^ •;;„„• v     Util 

J.           ,  One  laborer  m  charge  of  auto  crew,  1  mo.  @  $4.60  per  day      112.95 

per  cent   more   Ot   each.  one    laborer,    3    mos.    @    $3.30    per    clay 243.08 

'In  the  copper  lining  2-in.  bronze  Hap-valves  spaced  ^otai  for  labor   $  877.81 

.bout  25  ft,  center  to  center  were  inserted  about  18  P-pair^^^.  ,r4°ron  °$Vo^oo.st ' of '  educ{or) ! : ! ! !  i ; ! ! : !  i : i .     m'So 

in.   above  the   invert   and  at   intervals   of   100   ft.   in   the        Depreciation  at  lO   ct.   per  mile   for  1,380  miles 138.00 

arch  for  the  purpose  of  relieving  the  external  pres-  Grand  total  $i.3!i3.89 

sure  on  the  copper  lining  when  the  tunnel  is  empty.  work   performed. 

A  number  of  flap-valve  bodies  without  the  flap,  but  xiimber  of  miles  traversed,  i.sso. 

closed  with  brass  plugs,  were  placed  by  the  contrac-  Number  oJ^<^^-^<=\t%-^^'i}^l-l%l''i  f,  «:=»^- 

tor  along  the  lowest  part  of  the  invert  through  which  ■           ^^^^ntion  of  Mr.  G.  W.  Otterson 

the  accumulated  water  between  concrete  and  copper  ^""^         ,:  ,,     ^       r,,,      x       ,       -xi.      j     *.            j      n 

linings    in   the   lower   part    of    the    invert   could   be  of   Springfield,   0.     The  truck  with  eductor  and   all 

drained  off.     Openings  about  8  in.  square  were  placed  attachments   is   built  by  the   Kelly-Springfield   Motor 

in   the   concrete   sidewalk  for  access  to  these   plugs.  Truck  Co.,  Springfield,  O. 
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New   Record  on  Chicago   Sewer 
Construction 

By  JOS.  E.  LOVE, 
Assoc.  Mem.  Western   Society  of  Engineers. 

Though  handicapped  by  exceedingly  unfavorable 
conditions  which  generally  accompany  the  end  of  the 
working  season,  the  Ryan  Co.  of  Chicago  was  recently 
successful  in  making  a  new  record  for  a  single  day's 
work  on  sewer  construction  in  Chicago.  For  some 
time  the  maximum  length  of  sewer  dug  and  laid  in 
one  day  was  1,320  lin.  ft.,  but  on  Nov.  20,  the  Ryan 
Co.,  with  its  well  organized  crews,  added  18  ft.  to 
this  record.  According  to  the  measurements  of  the 
engineers  of  the  Board  of  Local  Improvements,  1,338 
lin.  ft.  of  ditch,  32  in.  in  width  and  averaging  81/2 
ft.  in  depth,  was  excavated,  and  660  ft.  of  15-in.  and 
678  ft.  of  12-in.  vitrified  sewer  pipe  laid.  All  of  this 
work  was  on  a  straight  alignment.  In  addition  to 
the  trenching  and  pipe  laying  5  brick  manholes  were 
constructed  and  1,260  lin.  ft.  of  the  sewer  backfilled. 
Under  a  thin   surface  of  black  Icam  the  soil  was  a 


Excavating    Machine    Used    on    Record    Run. 

yellow  clay  which  was  extremely  wet  from  the  heavy 
October  and  November  rains.  This  condition  of  the 
clay  made  fast  work  difficult  and,  moreover,  neces- 
sitated extra  bracing  precautions  to  prevent  the 
sides  from  caving. 

On  account  of  the  additional  bracing  required  the 
work  was  delayed  1  hour,  thus  reducing  the  nominal 
8-hour  day  to  an  actual  working  period  of  7  hours. 
On  the  digging  a  No.  1  Austin  excavator  was  used 
and  a  drag-line  with  a  slip-scraper,  rigged  up  by  the 
contractor,  did  the  backfilling.  A  total  force  of  23 
men  under  one  foreman  was  employed,  the  distribu- 
tion among  the  various  crews  being  as  follows: 

Laying 


Trenching    and    Pipe 

Crew. 

1  pipe   layer. 

1  bricklayer. 

3  fillers. 

1  bracer  and  sheeting  puller. 

4  top  men. 

1  e.xtra  man. 
1    engineer  on  trencher. 
1  fireman  on  trencher. 


;ii.Ker  and  carrier. 


Manhole    Crew. 
1  bricklayer. 
1   mortar  n 
I  helper. 
1  brick  tosser. 
3  laborers  on  digging. 

Backfilling   Crew. 
1    engineer  on  backfiller. 
1    fireman  on  backfiller. 
1  laborer. 


Besides  these  crews,  a  helper  with  a  team  was  em- 
ployed on  miscellaneous  work.  This  stretch  of  sewer 
was  a  portion  of  a  contract  in  Clearing  near  63d  St. 


•ind  Austin  Ave.  for  the  Board  of  Local  Improve- 
ments of  the  city  of  Chicago.  The  contractor  has  ex- 
pressed the  belief  that  when  working  with  fairly 
favorable  earth  conditions  and  in  summer  weather 
1,800  to  1,900  ft.  of  sewer  construction  in  one  day 
can  be  attained  in  this  locality. 


City  Management  As  a  Profession 

At  the  recent  annual  meeting  of  the  City  Managers* 
Association  a  very  interesting  committee  report  on 
city  management  as  a  profession  was  submitted  by 
Mr.  H.  M.  Waite,  City  Manager  of  Dayton,  0.  A 
synopsis  of  this  report  follows: 

Commissions  have  made  city  management  a  profes- 
sion by  showing  a  willingness  to  go  outside  of  their 
own  communities  for  city  managers.  City  managers 
are  receiving  invitations  to  othor  towns  and  there 
now  have  been  seven  cases  of  transfer,  showing  that 
the  tendency  is  to  recognize  the  existence  of  pro- 
fessional experience.  City  managers  recognize  that 
a  career  lies  before  them  in  this  field  and  are  seri- 
ously building  up  their  experience  to  make  it  a  life 
career. 

The  profession  can  be  said,  therefore,  to  have  come 
into  existence  with  every  indication  of  continuance. 
It  is  interesting  to  note  from  the  registration  at  the 
city  managers'  convention  this  year  that  out  of  25, 
about  95  per  cent  are  engineers,  indicating  that  com- 
missioners turn  to  the  municipal  engineer  for  mana- 
gers. 

Qualifications  for  City  Managers.— Small  cities 
(under  20,000  population),  preferably  engineer,  ex- 
e,cutive  ability  is  first  essential.  Larger  cities  (20,- 
000-200,000  population),  executive  ability  first  essen- 
tial, engineering  less  essential.  Large  cities  (over 
200,000  population),  executive  ability  prime  essential. 

The  committee  believes  that  city  manager  qualifi- 
cations may  be  from  present  experience,  classified  as 
follows: 

Experience  shows  that  actual  experience  is  con- 
sidered as  most  valuable  equipment. 

The  attempt  to  lay  out  courses  by  universities  for 
training  city  managers  is  handicapped  by  the  fact 
that  a  major  requirement  is  native  executive  ability, 
which  cannot  be  taught.  A  university  cannot  train 
a  man  to  be  an  ordinary  business  executive.  It  can- 
not propose  a  man  to  step  into  the  management  of  a 
city.  It  can  train  him  to  step  into  the  management 
of  a  village.  The  attempt  to  lay  out  a  course  reveals 
the  fact  that  the  entire  field  cannot  be  covered  by 
thoroughness  in  every  branch  that  confronts  a 
manager. 

It  is  essential,  therefore,  that  rather  than  give  a 
man  a  smattering  of  all  the  many  subjects,  that  he  be 
thoroughly  trained  along  some  one  or  two  lines,  such 
;is  engineering  or  accounting,  or  whatever  may  be 
his  natural  bent,  the  balance  of  his  time  in  college, 
being  devoted  to  obtaining  a  general  knowledge  of 
the  other  fields. 

The  committee  believes  the  National  Municipal 
League  could  fill  a  useful  function  by  maintaining  a 
roster  of  city  managers  with  their  experience  as  well 
as  a  roster  of  competent  men  who  are  desirous  of 
entering  this  field. 
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A  conference  of  experts  was  held  last  week  at 
Chicago  to  consider  to  what  extent  the  plan  of  feed- 
:ng  garbage  to  hogs  as  carried  on  near  the  National 
.Army   cantonments   is   practical    near   smaller   cities. 
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Factors  Affecting  Economical  Use 
of  Water  in  Irrigation 

Experiments  were  conducted  in  eastern  Oregon  in 
1915-1916  by  the  Oregon  Agricultural  College  to  de- 
termine the  various  factors  affecting  the  economical 
use  of  irrigation  water.  The  results  of  these  studies 
are  given  in  an  Experiment  Station  Bulletin,  pre- 
pared by  W.  L.  Powers,  Professor  of  Drainage  and 
Irrigation.  The  following  summary  of  the  factors 
is  extracted  from  the  bulletin : 

Soil  texture  affects  the  irrigation  requirement.  The 
coarser  soils  require  more  water,  and  these  soils 
generally  have  a  low-water  requirement  and  a  com- 
paratively low  amount  of  surface  area  pore  space, 
organic  matter,  and  are  apt  to  be  medium  in  fertil- 
ity. The  light,  frequent  irrigations  required  on  these 
soils  necessitate  more  wa.ste,  and  it  is  impracticable 
to  use  as  small  an  amount  of  water  on  these  soils  as 
on  the  soils  of  finer  texture. 

The  kind  of  crop  affects  the  amount  of  water  re- 
quired. Alfalfa  and  other  meadow  crops  are  re- 
quiring relatively  large  amounts  of  water;  grain  and 
field  peas,  but  medium  amounts;  cultivated  crops, 
such  as  potatoes,  still  less. 

The  altitude  and  accompanying  climatic  conditions 
affect  the  irrigation  requirements.  While  the  data 
are  not  sufficient  for  absolute  deduction,  it  may  be 
said  that  in  general  for  the  same  soils  and  crops 
where  3  ft.  depth  is  needed  per  season  up  to  2,000 
ft.  elevation,  2  ft.  is  a  reasonable  amount  at  3,000 
ft.  elevation,  and  V-2  ft.  for  each  season  is  a  reason- 
able amount  for  elevation  of  4,000  ft.  or  more.  Dry- 
ing or  other  effects  of  the  weather  are  intensified  at 
the  lower  altitudes. 

Soil  fertility  is  one  of  the  most  important  factors 
affecting  irrigation  requirements.  Where  there  is  a 
good  supply  of  available  plant  food,  the  plant  does 
not  have  to  exert  the  energy  to  make  the  root  growth 
or  consume  nearly  the  amount  of  water  to  secure  the 
nourishment  that  goes  to  form  a  pound  of  dry  mat- 
ter. Frequently,  in  the  experiments,  applying  the 
simple  fertilizer  needed  has  saved  from  a  quarter  to 
one-half  the  total  irrigation  or  doubled  the  returns 
for  each  unit  of  water  where  fertilizer  was  applied. 
This  is  especially  true  on  the  lighter  types  of  soil. 

The  time  of  irrigation  affects  greatly  the  efficiency 
of  the  water  applied  since  irrigation,  like  cultivation 
and  other  things,  is  worth  more  when  applied  just  at 
the  right  time.  In  previous  experiments  at  Corvallis 
irrigations  were  applied  according  to  the  moisture 
content  of  the  soil  and  in  different  degrees  of  dry- 
ness. It  was  found  that,  for  this  soil,  on  the  potato 
plot  as  much  as  50  bu.  more  an  acre  could  be  secured 
by  applying  water  just  at  the  right  time.  This,  for 
the  brown  silt  loahi  at  Corvallis,  was  when  the  moist- 
ure content  of  the  first  foot  dropped  to  the  20  per 
cent  point.  Clover  gave  the  best  returns  for  the 
given  amount  of  water,  applied  in  similar  experi- 
ments, when  the  moisture  content  of  the  first  2  ft. 
had  dropped  to  the  14  per  cent  point,  or  when  soil 
contained  14  per  cent  moisture  in  per  cent  dry  weight. 

The  amount  applied  at  each  irrigation  will  affect 
the  economical  use  of  water  or  irrigation  require- 
ment. If  the  amount  applied  is  in  excess  of  the  ca- 
pacity of  the  soil  strata  within  reach  of  the  roots 
to  retain  it,  deep  percolation  loss  is  sure  to  result. 
This  has  been  one  of  the  chief  sources  of  waste  en- 
countered in  the  investigation.     Coarse  textured  soils 


or  those  with  gravelly  substrata  should  have  a  dis- 
tribution system  that  will  permit  or  supply  compara- 
tively light  and  frequent  applications  which  can  be 
retained  in  the  soil  without  percolation  loss. 

The  frequency  of  irrigation  is  related  to  the  time 
and  amount  for  each  irrigation.  Irrigation  should 
be  applied  only  when  the  moisture  content  drops  to 
near  the  wilting  point  for  the  particular  soil  and 
crop  and  in  sufficient  amounts  to  fill  up  the  excess 
point  in  all  cases  except  where  flood  irrigation  in 
the  early  spring  is  necessary  to  retain  as  much  water 
as  possible  in  the  soil  reservoir.  This  would  be  true 
in  the  absence  of  artificial  storage  for  summer  irri- 
gation. 

The  method  of  applying  water  affects  the  water  re- 
quirement. The  head  and  length  of  run  should  be 
^-uch  that  the  plot  irrigated  can  be  covered  by  the 
time  the  irrigation  has  wet  up  the  root  zone  of  the 
crops.  A  high  head  forces  over  the  land  rapidly  and 
is  necessary  in  flood  irrigation  or  in  irrigating  loose 
.soils.  The  longer  length  of  run  gives  more  time  for 
soaking  during  irrigation  on  the  heavier  textured 
soils.  Longer  runs  can  be  used  on  more  sloping  land 
iind  shorter  runs  with  a  higher  head  should  be  used 
on  the  flatter  lands  in  order  to  cover  the  land  with- 
out waste.  In  many  valleys  in  eastern  Oregon  the 
flooding  system  could  be  improved  by  the  introduc- 
tion or  extension  of  the  trip  border  method  of  flood- 
ing. On  the  small  farm  and  with  a  small  head  the 
furrow  system  will  save  water  better  than  flooding 
systems. 

Crop  variety  and  the  date  and  rate  of  seeding  af- 
fect irrigation  requirements.  The  best  varieties  of 
best  adapted  crops  will  give  the  most  efficient  use  of 
water  and  the  most  economical  returns  under  irri- 
gation. 

The  kind  and  amount  of  cultivation.  It  is  impor- 
tant for  the  irrigated  farm  to  have  a  moderate  pro- 
portion of  cultivated  crops;  for  these  are  crops  of 
iow  water  requirement  which  permit  intertillage,  kill 
weeds,  and  control  evaporation  from  the  soil.  This 
cultivation  should  be  given  promptly  to  be  most  ef- 
fective and  as  soon  after  irrigation  as  the  soil  is  dry 
enough  to  crumble  and  form  a  mulch.  Level  culti- 
vation gives  less  evaporating  and  soil  surface  area, 
:ind  everything  that  possibly  can  be  cultivated  should 
be  gone  over  with  a  light  cultivation  after  every  irri- 
gation and  every  rain  that  crusT;s  the  soil  and  de- 
stroys the  mulch.  A  light  weeder  can  be  used  for 
this  purpose  in  grain  and  even  in  corn  and  potatoes 
till  crops  are  10  or  12  in.  high. 

The  kind  of  ditches  has  a  bearing  on  the  amount 
of  water  used.  Small,  direct  ditches,  which  carry 
the  water  to  the  point  of  application,  will  save  water 
as  compared  with  broad,  shallow  ones,  which  expose 
the  water  to  evaporation  and  percolation  loss. 

The  skill  and  economy  of  the  irrigator  are  import- 
ant factors  affecting  economical  use  of  water.  Care- 
less use  of  irrigation  water  results  in  a  great  loss, 
whereas  skillful  management  will  almost  wholly  pre- 
vent loss  by  drainage. 

Economical  use  of  water  depends  upon  the  methods 
of  purchase  and  delivery  of  water.  The  best  plan  is 
to  practice  rotation  in  use  of  water  and  get  a  high 
head,  to  secure  an  even  and  rapid  distribution  while 
tne  water  is  on  the  farm.  A  higher  duty  is  obtained 
by  this  method  rather  than  by  having  a  small,  con- 
tinuous flow  during  the  entire  season.  A  higher  duty 
may  also  be  obtained  where  the  irrigator  pays  at  least 
maintenance    charge    in    proportion    to    the    actual 
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amount  of  water  used,  for  this  invites  economy  in  the 
use  of  water. 

It  is  more  important  for  the  irrigation  farmer 
than  for  the  rainfall  farmer  that  a  careful  sys- 
tem of  crop  rotation  be  practiced.  With  irrigation, 
the  crops  removed  are  generally  large  and  large 
amounts  of  refuse  must  be  returned  to  the  land. 
With  irrigation,  also  it  is  entireiy  feasible  to  build 
up  and  keep  the  soil  in  a  higher  state  of  fertility 
than  is  possible  without  irrigation.  The  rotation  of 
crops  permits  plowing  up  the  meadows  to  market  the 
nitrogen  accumulated  by  the  legume  crops  and  this 
deep  plowing  increases  the  usable  water  capacity  and 
liberates  plant  food. 

Generally  a  diversity  of  crops,  including  some  cul- 
tivated cash  crops  which  use  but  little  water,  will 
give  more  cash  returns  for  each  unit  of  water  used. 

Indirectly,  anything  which  affects  the  evaporation, 
percolation,  or  transpiration  of  soil  moisture  will  have 
an  effect  upon  the  irrigation  requirements.  The  aim 
-should  be  to  secure  efficient  use  of  all  the  rain,  irri- 
gation, and  soil  water  employed. 


Unusual  Failure  of  Reservoir's 
Roof  at  Pasadena,  Cal. 

An  unusual  failure  of  a  wooden  roof  covering  a  res- 
ervoir at  Pasadena,  Cal.,  is  described  in  the  last  an- 
nual report  of  S.  B.  Morris,  Chief  Engineer  of  the 
Water  Department.  The  roof  was  on  the  Wilson  Ave 
reservoir. 

This  reservoir  was  constructed  during  1909  and  1910 
by  the  Lake  Vineyard  Land  &  Water  Co.  and  was  ac- 
quired by  the  city  in  1912.  It  has  a  capacity  of  13,- 
000,000  gal.  The  dimensions  are  414x283  ft.,  17  ft. 
deep,  with  1:1  slopes.  The  lining  is  4  in.  of  concrete, 
except  the  south  wall,  which  is  6  in.  thick,  all  without 
reinforcing.  The  reservoir  cost  $31,000,  including  the 
wooden  roof. 

The  roof  was  constructed  of  1-in.  x  12-in.  and  1-in.  x 
10-in.  rough  Oregon  pine  boards  laid  on  2-in.  x  8-in. 
joists  16  ft.  long  on  4-ft.  centers,  which  were  placed 
on  two  2-in.  x  10-in.  girders  spiked  together  and  on 
15-ft.  10-in.  centers.  Posts  consisted  of  2-in.  stand- 
ard weight  pipe  dipped  in  asphaltum  and  capped  at 
the  lower  end.  while  the  upper  end  penetrated  about 
midway  into  a  6-in.  x  6-in.  x  3-ft.  corbel.  The  sills 
were  not  fastened  in  any  way  to  the  concrete,  nor 
was  there  any  bracing  of  any  kind  used  in  the  roof. 

Inspection  of  the  roof  a  few  minutes  after  its  failure 
clearly  showed  the  cause  of  the  collapse.  The  morn- 
ing of  the  accident  was  perfectly  clear  and  quiet,  nor 
had  there  been  any  storm  of  any  kind  for  some  time. 
The  joists  at  the  east  and  west  banks  were  supported 
l)y  4-in.  x  4-in.  girders  resting  on  4-in.  x  4-in.  posts 
fi  in.  high  on  the  2-in.  x  6-in.  redwood  sill.  Earth  and 
gravel  on  top  of  the  concrete  gave  clear  evidence  of 
the  position  of  the  redwood  sill  prior  to  failure.  For 
nearly  the  entire  length  of  414  ft.  on  the  east  side 
the  sill  projected  only  2  or  3  in.  on  the  concrete,  and 
was  very  much  raised  on  the  outer  edge,  thus  tending 
to  overturn  the  4-in.  x  4-in.  x  6-in.  posts.  This  action 
had  apparently  gone  on  for  months  with  the  strains 
of  various  temperatures  and  dampness.  As  soon  as 
the  roof  started  to  push  westward  it  slid  down  the 
1  to  1  slope,  the  whole  roof  moving  as  one  unit,  and 
pushed  over  the  west  bank  for  one  16-ft.  section,  the 
next  16-ft.  section  rested  against  the  slope,  and  the 
other  sections  floated  on  top  of  the  water,  the  reser- 


voir being  about  half  full.  The  only  boards  broken 
were  a  few  along  the  west  bank  where  the  roof  broke 
into  two  16-ft.  sections  extending  the  whole  length  of 
the  reservoir. 

The  roof  was  removed  by  allowing  the  water  in  the 
reservoir  to  run  out  until  the  roof  rested  on  the  bot- 
tom, after  which  all  lumber  was  removed,  allowed  to 
dry,  and  then  dipped  in  a  crude  oil  preservative,  thus 
putting  it  in  better  condition  than  before  the  collapse. 

In  rebuilding  the  roof  it  was  decided  to  use  6-in.  x 
6-in.  redwood  posts  instead  of  the  2-in.  pipe  posts, 
which  were  in  bad  shape  from  pitting.  The  pipe  was 
.=old  for  10  ct.  per  foot,  which  was  sufficient  to  pay 
for  the  6-in.  x  6-in.  redwood  posts.  A  summarized 
statement  of  the  cost  of  reconstructing  this  roof  is 
shown  in  Table  I. 

TABLE  I— COST  OF  SALVAGE  AND  RECONSTRUCTION  OF 

COLLAPSED  ROOF  OF  WILSON  AVE.   RESERVOIR. 
Book  value  of  roof  at  time  of  coUapse  March  25,   1917. ..  .$7,291.67 
\'alue  of  materials  recovered  from  wreckage: 
Appraised  value  of  materials  used  in 

reconstruction     $3,427.87 

Appraised    value    of    materials    taken 

to'  store  room    31.15 

:\l:iterials    sold     566.50  $4,025.52 

Cost    of   recovering    materials   from    wreckage..         719.93     3,305.59 


Net  loss   $3,986.08 

COST  OF  NEW  ROOF  CONSTRUCTED  BY  WATER 
DEPARTMENT. 

Auto  and 


Description.  Labor 

Transporting     and      setting     up 
dipping     kettle     for     dipping 

lumber    $      12. S 

Cost  of  dipping  lumber    242.9 

Labor  and  material  used  in  con- 
structing  roof    925.3 

Haulinij    and    transportation    of 

material.5     69.1 

Engineering    and    supervision..       184.0 
Overhead    


Cost 
Material  per  1000 
supplies.    ft.B.M. 


12.30 

42.75 
42.40 


5.079.43       27.442 


.511 
1.035 
2.329 


.60 


Cost  per  1000  ft.  B. 

City's  appraised  valuation  Nov. 

1,   1912    3,134.26 

Construction  cost  to  Lake  Vine- 

•  vard  Land  &   Water  Co 3.264.S5 

Number  of  feet  of  lumber  used  in  con.struction.  219,262 
.Average  cost  of  lumber  per  1.000  ft.,  $21.69 
Total  cost  per  square  foot  of  roof.   $0.0552. 


$109.90     $5,342.08 
$       .501  $      24.364 

4,820.67 

5,068.49 


Tables  of  Velocity  of  Water  in  Open  Channels. — 

The  State  Reclamation  Department  of  Texas  has  re- 
cently published  a  very  complete  table  giving  the 
mean  velocity  of  water  in  open  channels,  derived 
from  Kutter's  formula.  .The  table  is  known  as  Bul- 
letin No.  6,  August,  1917,  by  Arthur  A.  Stiles,  State 
Reclamation  Engineer,  Austin,  Tex.  The  velocities 
cover  a  very  wide  range.  They  are  given  for  30  dif- 
ferent hydraulic  slopes;  for  values  of  hydraulic 
radius  ranging  from  0.2  ft.  to  50  ft. ;  and  for  values 
of  the  coefficient  of  roughness  ("N")  ranging  from 
.006  to  .080.  The  velocities  are  given  in  feet  per  sec- 
ond to  the  nearest  first  and  second  place  decimals. 
It  is  thought  that  the  tables  will  fit  almost  every  con- 
ceivable case  arising  in  actual  practice,  and  will 
therefore  practically  do  away  with  all  computing 
from  the  formula.  The  table  is  designed  to  facilitate 
the  work  of  the  State  Reclamation  Department,  and 
is  of  especial  interest  to  levee,  drainage  and  irriga- 
lion  engineers.  As  the  bulletin  is  a  State  document. 
it  is  not  for  sale,  but  is  available  free,  as  long  as  the 
.>upply  lasts,  to  all  persons  who  have  a  real  need  for 
a  work  of  this   character. 


The  garbage  at  13  of  the  16  National  Army  can- 
tonments is  sold  by  contract  at  a  rate  which  gives 
a  return  to  the  Government  estimated  at  $416,000 
annually.  The  purchasers  of  the  garbage  feed  it  to 
i^ogs. 
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Cement  Joints  for  Cast  Iron  Water  ^satisfactory    results,    however,    12    hours    after    com- 

_  _    .  pletion,  but  this  is  not  considered  safe  practice. 

JVlainS  At  San   Diego,  Cal.,  a  pressure  test  was  made  by 

In  1912  the  citv  of  Long  Beach,  Cal.,  began  the  use  caulking   a   6-in.   cast-iron   tee,   one   side   of  the   tee 

of  cement  joints  with  its  cast  iron  water  pipe.     At  ^^ing   filled  with  a  plug  and  each  of  the  two   ends 

the  present  time  the  city  has  60  miles  of  mains,  rang-  ^^''^^  ^^'^h  short  lengths  of  cast-iron  pipe  with  plug.s 

ing  from  4  in.  to  24  in.  in  diameter,  laid  with  joints  caulked  in  the  ends.     As  the  pieces  of  pipe  caulked 

of   this   type.     All   these   pipes   are   under  pressures  ^n  ^^e  tee  were  scrap  ends  cut  from  other  pipe.s,  they 

ranging  from  40  lb.  to  80  lb.  per  square  inch  and  are  '^^d  no  bead  on  the  joint  end,  and,  notwithstanding 

giving   perfect   satisfaction.     In   a   paper*   presented  ^he  fact  that  the  joint  was  made  with  smooth  pipe. 

April   18   last  before  the  American   Society  of  Civil  '^  took  a  pressure  of  more  than  300  lb.  per  square 

Engineers   Mr.    Clark   H.   Shaw,   Hydraulic   Engineer  '"ch  to  force  the  pipe  out.     The  test  was  made  about 

Long     Beach     Water     Department,     describes     Long  ^8  hours  after  the  joint  was  made. 

Beach's  method  of  making  these  joints.     The  follow-  I"    another   test,    made    at   Winnipeg,    Man.,    three 

ing  is  an  abstract  from  Mr.  Shaw's  paper:  lengths    of    6-in.    pipe   were    laid    with   four    cement 

1          1  •       i.u                i   •   •   i  j-1.       •       •       1       J       J  joints,  on  Jan.  13,  1916.     After  6  days,  pressure  was 

In  making  the  cement  joint  the  pipe  is  placed  and  ,.          t.,         ...                ,        j?   oL    lu          j   t-r. 

,  .      ,?              ,                      A   ill-     u     1  •          J  iu  put   on   the   pipe,    in    increments   of   25   lb.,   and   the 

spaced  in  the  usual  manner.     A  thin  backing  of  the  ■■,                Tj^u               ii                      ■  ^ 

,,,          t-           J  ■     i.     J     £      1               iu     •   4.     •  joints  were  found  to   show  no   leakage  or  moisture, 

best  dry  jute  is  used  instead  of  oakum,  as  the  jute  is  i     mr  iu       ax  iro  iu             •   •   ^     S        j        •  i. 

-  jr             1         J                 ,    I.-  L.    1.     ij  I,           •  1  J^  up  to  125  lb.     At  150  lb.  one  joint  showed  moisture 
free  from  oils  and  grease  (which  should  be  avoided).  .,            „           „  ,,                 .  "^ 

.,,,,,              ,           f        •        i-     iu             •«     J--  on  the  surface  of  the  cement. 

A  Portland  cement,  conforming  to  the  specifications  rvrox         xi-i-x                 j           i     ^           •   ■   ^ 

,         i.  J  u     ti,      A         •         a     ■  i-     i       •Ti    i-        n/r  On  Jan.  24  another  test  was  made,  and  at  one  joint 

advocated  bv  the  American  Society  for  Testing  Ma-  .  ,                        j     i.  irrr  n,      ,-v      t        oi   ^u-      •   •   i. 

,     .,•       'jT^ui                  i.  ■       ^       J               ■  moisture  appeared  at  175  lb.     On  Jan.  31  this  joint 

tenals,  is  used.    The  drv  cement  is  placed  on  a  piece  r,        j        •  %.            -ii,  onn  iu         j     i             h,t       u  i  c 

-                  ,          ,,                     4.         1      •       J            \        J  showed  moisture  with  200  lb.,  and  also  on  March  15, 

of  canvas    (usually  a  cement  sack  ripped  open)   and  .,,                            -  „„_  ,,      m,-     •   •   i.           ^.v.            i 

.  .        J    ■     .          iu  I      1.        4.1.           ui         •     J    u  v.'ith  a  pressure  of  225  lb.    This  joint  was  the  weak- 
moistened   just   so   that   when    thoroughly   mixed    by  ^     j^  JL     r            rm.                              i      4.         4.1.       • 
,,...,,,          „          ,                 •  4.           4.U  4.      u  f'st  of  the  four.    .The  pressure  was  kept  on  the  pipe 
hand   it   will    be    of    such  a   consistency  that  when  1,4.           i-iri.          -u 

1  4.-   1,4.  -4-       11  u  ij  4.U     4-            f  4.U     u      J       J  about  one-half  hour  in  each  case, 

gripped  tight  it  will  hold  the  form  of  the  hand  and  ™,                 4.  •  •   4.          v,    4.  1                4.  • 

,         ,           J  i.->  •      -4.       n            1  1       rp.  The  cement  joint  can  be  taken  apart  m  a  very  sim- 

when  dropped  12  in.  it  will  crumble.    The  canvas  con-  1          j                 ■     1                 mi.        •         •                        1 

,    .    ■        ,/                 ,    .       ,       J         ,       4.U     u  11        J  4.1,  pie    and    economical    way.      The   pipe    13     uncovered 

taming  the  cement  is  placed  under  the  bell  and  the  u     4.          v.   u?              1-4.4.1     u  1        ii.           4.           .4.  4.1 

?  .     .           J  •   4.       1        I,     I,      J      •4.U             11  •  about  one-half,  or  a  little  below  the  center.     At  the 

cement  is  tamped  into  place  by  hand  with  a  caulking  -   •   4.     ,         4.^         •    •      1  i,  n  i,   1              1        ii      4.         1 

41  4.1.    u  II  •      u     4-  u   i/j:   11    T4.  ■    4.1.             11    J  joint  where  the  original  bell-hole  was  dug,  the  trench 

iron  until  the  bell  IS  about  half  full.   It  is  then  caulked  .              ,,            ,        •,             4.1.       -j       /,    I       .    . 

., ,   ,           ,  ,              , .,  .,                4.  •    iu           ui          1    J  IS  usually  made  wider  on  the  sides   (but  not  deeper 

with  heavy  blows  until  the  cement  IS  thoroughly  packed  j       4.1.        •         •          j       ^               -4.   4.1             ,,        4. 

.     4.1.     t      1      J!  4.1.           1    4.     rr.1.-                    •           i-        J  under  the   pipe,   in    order  to   permit  the   caulker   to 

in  the  back  of  the  socket.    This  process  is  continued  ,       ,    ,,       •   ■   4.     mu                  1.   u;     4?  4.1.      ■   ■   4.    • 

,.,,,,,,.          ,     ,      ,.,       4.  f   4.1     4-            A     _  11  work  at   the   joint.    The   upper  half   of  the   joint   is 

until  the  bell  is  packed  solid  out  to  the  face.    A  small  ,         j       4.      -4.1.                  u-     1    4.1.           -4.1    4.  •      i       j 

u     A    i        4.             4.  ■          14."           j-4.-         •    4.U           4  cleaned  out  with  a  cape-chisel;  then,  with  tripod  and 

bead  of  neat  cement  m  a  plastic  condition    is  then  put  ,11       iu     4-             j     r  4.1.        •        •         •     j        4.1  xi 

,,            „  .        .                  .          1       A  blocks,  the  free  end  of  the  pipe  is  raised  until  the 

on,  using  the  caulking  iron  as  a  trowel.     As  soon  as  ,            i,   i^     4-  4.1.      •   ■   4.   .        1      j?         jy          4.u      i.   n 

4.U     •    •4--   1       4.4?4.u                4.-4.1.UJI,       4-1  lower  half   of  the   joint   breaks   free   from   the   bell. 

the  initial  set  of  the  cement  in  the  bead  has  taken  rru       ■          u        u    \    u         n   j       4.    j  4.u     u  n 

,         4.1.      •   •   4-    •                 J       -4.1.         4.U   4            4.     4.   -4.  The  pipe  seldom  has  to  be  pulled  out  of  the  bell,  as  it 

place  the  joint   is   covered  with   earth   to   protect  it  11                   1       4.     1^       4.          4.1.     4?             j    • 

J          4.1.       ■          J              T     u     1  4=11-         4.1.                 4.  J  nearly   always    works   itself   out   as   the   free   end   i.s 

from  the  air  and  sun.     In  backfilling,  the  excavated  .             ,      ,.        ,.           .  ,,                4.    4.-  1   i    4.1.              4. 

,     .   ,  .       ,               4.4.1   J      -4.1.        4.          1.-  1.  u  1       4.  lowered.    If  portions  of  the  cement  stick  to  the  spigot 

material  is  always  settled  with  water,  which  helps  to  j     4?  4.u       •             r  -i  4.     u         4.-     1             u   j  ■     Ii. 

.,                  14.-         4;  4.1.     •   •   4.  end  of  the  pipe,  or  fail  to  be  entirely  crushed  in  the 

cure  the  exposed  portion  of  the  joint.  u  n    -4.  ■       ^  ^  '      .                                -'             4.  4.1.     ■    n 

bell,  it  is  a  very  simple  matter  to  clean  out  the  bell 

In  Mr.  Shaw's  opinion,  the  bead  is  essential,  as  the  ^j^h    a   cape-chisel,    or   knock   the   cement   from   the 

cement  packed  in  the  bell  is  so  dry  that  without  pro-  spigot  with  a  hammer 

tection  it  would  absorb  moisture  from  the  water  used  '    Qn  occasions,  after  a  joint  has  been  cemented  tight 

in  settling  the  trench,  and  it  is  believed  that,  should  ;„  the  line,  it  is  necessary  to  cut  it  out  entirely  (such 

the  joint  develop  seepage  when  the  pressure  is  put  on  ^g  fo,.  joying  a  valve  on  its  side;  turning  a  tee  or  Y 

in  the  main,  the  cement,  being  dry,  would  expand  and  j^  another  direction;  adjusting  a  tee  to  conform  to 

aid  materially  in  keeping  the  joint  tight.  ^j.  j^gg^  j^  grade;  avoiding  a  sewer  connection  or  anv 

Experiments  on  cement  joints  constructed  without  ,,ther  unforeseen   obstacle).    Table   I   has   been   com'- 

the  head  showed  that,  24  hours  after  completion,  they  pjigd  from  records  of  the  actual  time  spent  in  doing 

absorbed  water  readily.     In  cases  where  seepage  has  such  work 

developed  and  has  subsequently  closed,  it  is  assumed  ^t  Long  Beach   unit  costs   have   been  kept   on  all 

that  the  dry  cement  absorbed  the  moisture  from  the  construction,  covering  nearly  the  entire  60  miles  of 

inside,  expanded,  and  filled  the  seepage  pores.  

About  20  per  cent  of  the  cement  is  wasted  by  fall-  table  i.— time  required  for  one  man  to  dig  out  a 

ing  off  the  canvas  or  being  thrown  out  by  the  caulker.  ^°"^,^,?^f/o^^roVT°ES  "frTm™t°iL"  S°"^*' 

If  any  dust  or  earth  from  the  trench  tails  on  the  can-  .size.                                                                                   Time, 

vas  or  in  the  cement,  it  is  immediately  taken  out,  to-  t^'.'.'.'.'.'.'.'.'.'.'.'.'.['.'.'.[\'.'.'.'.'.'.'.'.'.]'.'.'.'.'.'.'.'.'.]'.'.'.'.\'.'.'.'.'.'...['.'.'M  min 

gether  with  enough  cement  to  make  sure  that  the  re-       5"'"- ' ^S  "^'" 

.      ,         .         ,  J  •    •         4.U  4.        -4.1.  4.  lOiii 30    min. 

mainder  is  clean.     In  mixing  the  cement  with  water,      iivin 38  min. 

care  is  taken  that  there  shall  be  no  lumps  in  the  ma-  w^'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.'.'.U  min. 

terial,  no  matter  how  small.     If  any  cement  is  left  table  u  — data  relative  to  cement  joints. 

on  the  canvas  when  a  joint  is  completed,  it  is  used  ,  .          ...      Number  of      .Number  of 

,     .    .    ,                 .,     ,    ii                 ,      ■               ,.  Jute  per  joint         joints  per           joints  per 

on    the    next    joint,    provided    the    work    is    continuous,  size  of      Rings  of  jute         in  pounds           94-lb.  sack         8-hour  dav 

Otherwise     new     batches     are      made.        Special      blunt         f.f^ per^oint.       (approximate.)      ofcement.-      (one  caulker,. 

caulking  tools  are  used.  |-i[;j 2  0.19  18  42 

The  joint  is  allowed  to  stand  48  hours  before  the  w-in. ..'.'.'.'.'.    3                    0.43                    11                    2s 

pressure  is  turned  on  and  the  main  is  put  into  reg-  !4lin.' :;''.!!!    I                   n'.ll                     7                    2i> 

ular   service.      Cement   joints    have    been    used    with      J^-ijj '    ?  {j-^^  ^  J^ 

'  20-in.' '!.'! !.'.'    3                   0^80                    4                   11 

•Cement  Joints  for  c^ast  Iron  Water  Mains.     Proceedings  Am.        24-in 3  0.95  3 

Soc.  of  C.   E.,  pp.   433-44'3.  'Including  the  20  per  cent  of  cement  v/asted  or  left  over.          < 
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cast-iron  water'  mains.  Table  II  has  been  carefully 
compiled  from  these  unit  costs,  and  presents  data 
concerning   cement   joints. 


Pollution  of  Drinking  Water  from 
Failure  of  Connections  in  Man- 
ufacturing Establishments 

Two  instances  of  the  pollution  of  drinking  water 
in  manufacturing  establishments  in  Rhode  Island 
during  the  past  year,  through  failure  of  connections 
between  the  industrial  and  drinking  water  systems, 
are  cited  by  Stephen  De  M.  Gage,  Chemist  and  Sani- 
tary Engineer  of  the  Rhode  Island  State  Board  of 
Health  in  the  last  quarterly  bulletin  of  the  Board. 

The  first  instance  occurred  in  a  large  manufac- 
turing plant  in  Providence  late  in  1916.  The  drink- 
ing water  supply  for  this  plant  is  from  a  system  of 
driven  wells  and  is  of  excellent  quality.  The  water 
■for  industrial  and  toilet  purposes  is  taken  from  a 
large  pond  which  is  polluted  to  some  extent  with 
manufacturing  wastes  and  which  in  the  summer  time 
is  also  heavily  impregnated  with  algae.  On  the  ad- 
vice of  the  State  Board  of  Health,  these  two  supplies 
had  supposedly  been  entirely  separated,  but  one 
cross-connection  located  in  an  inaccessible  place  was 
forgotten  and  was  not  removed.  In  some  way  the 
gate  on  this  connection  was  opened  and  for  a  short 
period  the  pond  water  was  pumped  into  the  drinking 
water  supply.  The  character  of  the  two  waters  was 
so  radically  different  that  the  accident  was  discov- 
ered almost  immediately,  although  not  before  a  con- 
siderable number  of  employes  had  drunk  the  water. 
Fortunately  the  pond  water,  while  decidedly  unpal- 
atable, was  not  dangerously  polluted  and  the  only  ill 
effect  was  extreme  nausea  for  a  short  time  among 
those  persons  who  had  used  the  water.  The  danger- 
ous cross-connection  between  the  two  supplies  was 
at  once  removed. 

A  second  instance  of  pollution  of  drinking  water 
through  a  cross-connection  with  an  industrial  water 
supply  occurred  in  the  Woonasquatucket  Valley  dur- 
ing the  past  summer  and  was  the  cause  of  4  deaths 
and  over  40  cases  of  typhoid  fever.  In  this  instance 
the  drinking  water  supply  for  the  mill,  and  also  for 
an  adjacent  village,  was  derived  from  a  large  well 
on  the  mill  property.  The  industrial  water  supply 
was  taken  from  the  river,  into  which  is  discharged 
Ihe  sewage  from  the  mill  and  the  village,  at  a  point 
only  a  short  distance  above  the  intake  for  the  pumps. 
Every  precaution  had  been  taken  by  the  manufactur- 
ers to  protect  the  well  from  pollution,  and  the  v.-ater 
as  drawn  from  the  well  was  of  undoubted  purity 
There  were,  however,  two  points  in  the  mill  where 
the  well  supply  was  cross-connected  with  the  river 
supply,  to  permit  the  river  water  to  be  pumped  into 
the  village  mains  in  case  of  fire  and  to  permit  either 
supply  to  be  used  in  the  lavatories  and  toilets.  As 
soon  as  the  epidemic  was  discovered,  samples  from 
a  number  of  points  on  the  water  supply  were  col- 
lected for  analysis,  but  at  this  time  no  evidence  of 
contamination  could  be  detected.  As  every  person 
who  contracted  typhoid  was  either  employed  in  the 
mill,  or  lived  in  the  village  and  used  the  water  from 
the  mill  supply,  and  as  all  other  sources  of  contagion 
were  eliminated  either  by  the  distribution  or  history 
of  the  cases,  and,  furthermore,  as  there  had  been  a 
pi'evious  case  of  typhoid  in  the  village  a  short  time 
before,  there  is  little  question  that  the  epidemic  was 
the  result  of  a  temporary  pollution  of  the  drinking 
water  through  one  of  the  cross-connections. 


City^Water  and  Light  Plants  Oper- 
ated  on   Same   Basis  as 
Private  Utility 

The  city  of  Holland  Mich.,  operates  its  water 
works  an  lighting  plants  on  a  businesslike  basis. 
The  municipality  is  required  to  pay  for  water  and 
light  at  the  same  rate  as  private  consumers.  Fur- 
thermore the  water  works  and  light  plant  are  placed 
on  the  tax  rolls  and  assessed  the  same  as  other  in- 
dustries. In  revising  assessments  this  fall  the  value 
of  these  properties  were  increased  for  $300,000  to 
S452,000. 

The  water  department  is  under  the  control  of  the 
Board  of  Public  Works,  which  also  has  charge  of  the 
electric  light  and  fire  alarm  departments  and  also 
of  the  sanitary  sewer  system. 

Each  month  when  bills  are  being  prepared  for  com- 
mercial lighting,  power  or  water  works  consumers, 
bills  are  prepared  in  exactly  the  same  way  for  pres- 
entation to  the  Common  Council  covering  the  city's 
use  of  water  and  electric  service. 

The  city  is  charged  for  fire  protection  on  a  basis 
of  the  number  of  hydrants  in  service,  there  being  at 
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F/5ca/  Years  Ending  in  March 
A-  Total _  operating  revenue  B-Operating  expenses  C- Annual  expenditures 
for pcrman'f  improvem'ts  D-Operat'g  expenses  plus  taxes,interest  and deprecitn 

Fig.   1 — Curves  Showing   Increase  of  Operating   Revenue  and  Oper- 
ating   Expenses.    Together    With    Annual    Expenditure    for 
Permanent   Improvements. 

the  present  time  313  in  use.  The  rate  charged  per 
annum  is  $35  and  bills  are  rendered  monthly. 

Street  lighting  is  done  b.v  means  of  2o0-c.p.  type 
"C"  Mazda  lamps,  there  being  285  in  service  and  the 
charge  per  annum  is  $35,  bills  being  rendered 
monthly. 

Water  for  street  sprinkling  is  paid  for  on  the  basis 
of  the  number  of  wagons  used,  the  charge  being  at 
the  rate  of  $150  per  600  gal.  wagon  per  season.  At 
the  upper  end  of  each  lateral  sewer  there  is  a  con- 
nection to  the  water  main  through  a  li^-in.  valve 
\\hich  is  operated  by  hand  at  stated  intervals  for  the 
purpose  of  flushing  the  sewers.  These  stations  are 
referred  to  as  "flush  ends"  and  the  water  depart- 
ment receives  $7.50  per  annum  per  flush  end. 

The  City  Hall  and  all  other  public  buildings  are 
metered  for  both  light  and  water  and  charges  are 
made  in  the  regular  way  at  the  regular  rate. 

On  the  other  hand,  the  Bureau  of  Public  Works,  on 
Oct.  16  paid  to  the  city  government  city  and  school 
taxes  on  the  light  and  water  plant,  the  total  taxes  be- 
ing $5,761.91,  of  which  $3,272.70  is  for  the  light  plant 
and  $2,489.21  for  the  water  plant.  This  amount  rep- 
resents a  rate  of  $12.75  per  $1,000  of  the  total  val- 
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uation  of  the  plant  which  was  set  at  82  per  cent  of  gation.     It  had  proved  satisfactory  to  all  parties  for 

the  total  investment.     The  two  departments  also  pay  several  years  and  the  fact  that  the  department  has 

interest  on  all  outstanding  bonds.  never  paid  taxes  to  the  city  pretty  nearly  evened  up 

According   to   the   annual   report   of  the   Board   of  the  obligation.    With  this  phase  of  the  question  elim- 

Public   Works  for  the  fiscal  year  ending  March   19,  inated  and  granted  that  the  consumers  ought  to  re- 

1917,  the  total  operating   revenue  of  the  Water  De-  ceive  the  full   benefit  of  their  co-operative  venture, 

partment  for  that  period  exceeded  the  previous  year's  the  inve.stigation  which  covered  the  5  years  succeed- 

earnings   by   10.37   per  cent.     The   increase   of   total  ing  1915,  and  many  preceding  years  as  was  necessary 

revenue  during  the   past   10   years  has  amounted  to  to  help   in  forecasting  the  future,  was  begun  along 

66.33  per  cent,  while  for  a  period  of  20  years  the  in-  the  following  lines: 

crease  has  been   469  per  cent.    Curves   showing  the  First. — A    complete    estimate    of   the    reproduction 

increase    of   operating    revenues   and    operating    ex-  cost  of  the  entire  system  was  made, 

penses  are  reproduced  in  Fig.  1.     The  average  prices  Second. — Figures  were  prepared  to  show  in  detail 

received    for    all    water   covered    by    the    commercial  all  expenditures  for  the  preceding  5  years,  classified 

supply  earnings  for  5  years  have  been  as  follows:  and  tabulated  so  as  to  show  their  relation  to  future 

Commercial          1000           Average  expenditures.      A    chart    was    prepared    showing   the 

Calendar  year.                   ea?n&'^s          '^"'  "'        wo'^cu^n  growth  of  population  in  Waltham.    other  charts  were 

1912 .$17,196'          22,397           $o.07'68  '  made  showing  the  quantity  and  quality  of  the  water 

nil ?i'049            is;"!?              :o907  from  year  to  year  for  a  long  period.     The  Waltham 

\l\\ ••■         mil            |9;|||              -llll  supply  is  a  ground  water  taken  from   2  large  wells 

The  present  rate  went  into  effect  ;n  July  1,  1914   so  "^^;i^J^_:^^?,,^X'ct  of  metering  on  revenue  and  con- 

tnat  one-half  1914  was  under  the  old  rate  and  one-  .^^  ^^^^  ^1^^  especially  studied  for  the  preced- 

half  under  the  new  rate.     The  lower  price  received  ^                                 ^^.^  ^^^  ^             uncertain  ele- 

'"^   oA'  compared  with  1912  and  1916  as  compared  J^^  :^  any  estimate  of  future  revenue.     Up  to  1915 

with  1915    IS  due    o  the  larger  amount  of  water  sold  ^^                ^^          ^^^^  ^^  ^^^  ^^^^.^^^  ^^^^  ^^^^^^^ 

that  is,  the  more  the  total  amount  of  water  sold,  the  ^      .     ,    ^  ,,     .         .■     j.  j       j     4.  i,      j 

less   will   be    number    of   "minimum"   charges.     The  With  all  these  facts  fully  investigated  and  at  hand, 

average  cost  per  100  cu.  ft.  on  a  bill  rendered  for  the  certain  assumptions  for  the  future  were  made.     For 

established  minimum  charge,  will  naturally  be  higher  one  thing   it  was   assumed  that   metering   would   be 

than  the  published  rate.     The  old  rate  was  6  ct.  per  ''^Pidly  continued  so  as  to  be  entirely  completed  at 

100  cu.  ft.  and  the  new  rate  is  9  ct.    The  sliding  scale  the  end  of  the  5-year  period  under  consideration,  and 

is  such  that  but  very  few  users  come  under  a  lower  again  that  such  metering  would  result  in  some  reduc- 

j,jj^g  tion  in  the  per  capita  consumption.     In  1913  the  con- 

R."  B.  Champion  is  Superintendent  of  the  Board  of  sumption  was  91  gals,  per  person,  with  25  per  cent 

x-ublic  Works  of  Holland.   Mich.  metered,  while  in  1916  it  was  76  gals,    with  41  per 

cent  metered.     It  is  believed  that  this  figure  should 

.     .  certainlv  be  cut  to  65  gals,  by  the  end  of  the  next  5 

Water  Rate  Revision  by  Munici-  years. 

r»cil  "V\Ar»rlr«*  ^^^    ^^^^    ®^^P    consisted    in    forecasting    probable 

pai    W  OlKS  future  expenditures,  both  ordinary  and  extraordinary. 

A  printed  report  of  a  study  of  the  rate  question  was  Jr.  Waltham  these  consisted  of  the  following:  1.  In- 
published  by  the  writer  in  1915  for  the  Waltham  stallation  of  and  repairs  to  services.  2.  Operating 
Water  Department  and  this  outline  is  offered  to  show  expenses,  pumping,  care  of  real  estate,  reservoirs, 
a  method  of  treating  the  problem  in  municipal  works,  mains,  gates,  hydrants,  etc.  3.  Fixed  charges.  4.  Ex- 
with  the  hope  that  it  may  be  of  use  to  some  one.  We  tension  of  metered  services.  5.  Replacement  of  mains, 
also  have  attempted  some  general  observations  in  the  6.  Higher  service  for  the  higher  parts  of  the  city.  7. 
light  of  our  study  and  after  the  experience  subse-  Additions  to  the  collecting  works  to  provide  for  a 
quent  to  the  preparation  of  the  1915  report.  larger  supply.    8.  Extension  of  mains. 

It  was  decided  at  the  outset  that  the  period  to  be  In  order  to  ascertain  how  much  profit  or  loss  the 

forecasted    should   take    in    the    succeeding   5    years,  next  5  years  would  bring,  a  careful  estimate  of  in- 

The  Waltham  case  was  much  simplified  by  the  fact  come  on  the  basis  of  existing  rates  was  made.     In- 

that  the  works  are  not  only  municipally  owned,  but  vestigation  of  past  experience  seemed  to  indicate  that 

that  the  city  has,  fortunately,  in  the  main  lived  up  the   income   from  metered   services   averaged   90   per 

to  the  principle  that  its  water  works  are  held  by  it  in  cent  of  what  it  had  been  under  fixture  rates,  and  this 

trust  for  the  people,   and   has,   therefore,   given   the  percentage  was  used  as  a  basis  for  estimating  that 

water  takers   the  benefit  of  any   surplus   of  receipts  ]iortion   of   the   income,   as   the   fixture   rate   services 

over  expenditures  by  reducing  the  cost  of  water  from  should  be  changed  over  to  metered.     The  remainder 

time  to  time  to  those  who  pay  for  and  use  it.     The  of  the  estimate  was  comparatively  simple.     The  esti- 

use  of  city  water  for  public  purposes  had  for  several  mate  of  income  consisted  of  the  following  items:     1. 

years  been  cared  for  by  a  charge  for  all  public  use  Income  from   fixture  rate   services.     2.   Income  from 

of    water,    except    drinking    fountains    and    watering  existing  metered  services.     3.  Income  from   existing 

troughs,,  together  with  a  levy  of  the  nominal  sum  of  fixture  rate  services  changed  over  to  metered.     4.  In- 

$5  annually  for  each  public  hydrant.  come  from  new  services.    5.  Income  from  a  new  high 

Supplies  for  private  hydrants  and  for  fire  protec-  level  supply.    6.  Income  from  installation  of  services, 

tion  purposes  have  always  been  furnished  free,  the  repairs,  etc. 

owner  paying  the  entire  cost  of  installation.  The  The  estimate  showed  a  surplus  of  income  over  ex- 
question  of  the  fairness  of  this  deal  from  a  financial  penses.  Definite  recommendations  were  accordingly 
point  of  view  was  not  considered  in  the  1915  investi-  made  looking  to  a  small  reduction  in  income.  The 
— — -             ,                 ^    ^  ,         „            .-■•.     X,     .  reductions  were  intended  to  apply  to  certain  charges 

'Abstract    of   a   paper    bv   Betram    Brewer.    City    Kngmeer   and  ,  .    ,     . ,               ,         ,    i            _,.           i             x                   ■                   ^ 

.Superintendent  of  Water  Works  and  Sewers  of  Waltham,   Mass  .  which   the    Water  takers   lOUnd   most   annoying   aS,    for 

Works' Ass'i.eiluon""  ^n^^"''""  °f  t^-e  New  England  Water  instance,  an  annual  charge  of  10  per  cent  of  the  cost 
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for  the  meter  and  its  installation  in  every  case.  It 
was  also  recommended  that  the  city  assume  the  duty 
of  installing  supplementary  meters  in  multi-tenement 
houses,  if  the  owner  would  arrange  the  piping  so 
that  all  meters  could  be  set  near  together  in  one  cel- 
lar. The  report,  was  not  published  until  1916,  and 
its  recommendations  were  not  carried  out  until  the 
year  ^^as  half  gone,  so  their  effects  were  not  very 
apparent  up  to  the  end  of  the  financial  year  1916. 
Work  on  the  e.xtension  of  the  supply  has  not  yet  been 
begun.  It  proved  to  be  a  bigger  problem  than  was 
anticipated  and  may  cost  a  large  amount  of  money. 
All  this,  together  with  a  large  saving  in  operating 
e.x'penses,  due  to  a  new  and  businesslike  administra- 
tion of  affairs,  rather  upset  the  estimates  and  the 
department  had  a  larger  surplus  than  was  anticipated 
on  Jan.  31  of  this  year.  Just  as  soon  as  a  definite 
policy  in  regard  to  a  more  adequate  supply  can  be 
adopted  it  is  intended  to  apply  the  elements  of  the 
1915  study  to  the  new  conditions  and  adjust  prices 
accordingly. 


Personals 


Hyd 


rostatic  Tests  of  36  In.  Submarine 
Pipe  Line 


In  1916,  as  a  part  of  the  Catskill  water  supply  sys- 
tem, a  siphon  was  constructed  across  the  Narrows 
in  New  York  Harbor.  This  consisted  of  9,740  ft.  of 
36  in.  flexible  jointed  cast  iron  submarine  pipe  line 
with  land  connections  923  ft.  long.  The  hydrostatic 
tests,  covering  10,300  ft.  of  this  pipe  line,  including 
the  submarine  portion,  are  described  in  last  annual 
report  of  the  Board  of  Water  Supply  of  New  York 
City. 

The  presence  of  air  trapped  in  the  pipe,  which  was 
estimated  from  data  s9C"."?d  during  the  test  as 
amounting  to  as  much  as  20,000  cu.  ft.,  made  the 
.measurement  of  leakage  somewhat  difficult,  but  by 
repeated  tests  a  satisfactory  result  was  obtained.  At 
a  pressure  of  130  lb.  per  square  inch  the  leakage  for 
the  entire  line  averaged  5.6  gal.  per  minute,  and  at 
100  lb.  pressure  the  leakage  averaged  1.5  gal.  per 
minute,  which  is  considerably  less  than  is  considered 
allowable  for  land  lines  of  similar  size. 

Further  proof  of  the  remarkable  tightness  of  this 
line  was  furnished  between  Oct.  21  and  Dec.  1,  when 
the  pipe  was  subjected  continuously  to  the  service 
pressures  in  the  Staten  Island  mains,  varying  from 
100  to  110  lb.  per  square  inch.  The  water  supplied 
from  this  service  was  measured  through  a  small 
meter  placed  on  a  by-pass  around  a  36-in.  line 
valve.  The  total  average  leakage  recorded  for  a 
period  of  40  days,  from  the  10,300  ft.  of  pipe  under 
test,  was  only  0.78  gal.  per  minute. 

In  August,  the  line  was  flushed  out  with  water 
from  the  Brooklyn  supply  through  the  blow-off  in 
Staten  Island  at  the  foot  of  Arrietta  St.  to  remove 
.'•alt  water  and  dirt  from  the  submarine  line.  Before 
the  flushing,  200  lb.  of  hypochlorite  of  lime  were  put 
in  the  pipe  on  the  Brooklyn  side.  Samples  of  water 
were  taken  and  the  pipe  was  found  to  have  been  sat- 
isfactorily flushed  out.  Measurements  were  also 
taken  to  determine  the  flow  and  the  corresponding 
loss  of  head.  While  no  very  accurate  figures  could 
lie  obtained,  an  approximate  flow  of  about  19,000,000 
gal.  per  day  with  a  loss  of  head  of  about  20  ft.  was 
measured.  This  corresponds  roughly  to  a  co-eflicient 
of  110  in  the  Chezy  formula.  The  line  was  again 
flushed  out,  using  for  a  short  time  a  flow  of  about 
22,000,000  gal.  per  day. 
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Charles  C  Hufflne  lias  been  appointed  city  engineer  of  Frank- 
lort,  Ind. 

George  K.  Halpin  has  resigned  his  po.-;ition  as  superintendent 
i.f  w.ater  worl<s  of  Watervliet,   N.  Y. 

A.  B.  Carson,  formerly  city  engineer  of  Rryan.  Tex.,  ha.s 
i/een  commissioned  a  captain  in  the  army. 

H.  Gordon  Hinkle.  county  engineer  of  Blair  County,  Penn- 
sylvania, has  been  appointed  city  manager  of  Altoona.  Pa. 

W.  H.  Kirkbrlde,  heretofore  division  engineer  of  the  Sacra- 
mento division  of  the  Southern  Pacific  R.  R..  has  been  appointed 
^.ssistant   superintendent   of   that  division. 

W.  R.  Klliott.  formerly  chief  engrineer  for  the  Salt  River 
Valley  Water  Users'  Association  of  Phoenix.  .Ariz.,  has  been 
appointed    project    manager. 

F.  G.  Ayers.  formerly  connected  with  the  federal  land  ofHce 
at  Phoeni.x.  Ariz.,  has  been  appointed  assistant  County  Engi- 
neer of  Maricopa  County,  Arizona. 

James  D.  Gray,  for  several  years  engineer  of  the  state  high- 
^i-ay  department  in  Mille  Lacs  County,  Minnesota,  has  been  ap- 
liointed  engineer  of  federal  Aid  Project  No.  3.  calling  for  a  road 
extending  the  length  of  Mille  Lacs  County. 

C.  G.  Young,  for  many  years  well  known  in  the  public  utility 
Held,  has  entered  the  organization  of  Ford,  Bacon  &  Davis,  New 
York  City.  Mr.  Young  will  be  particularly  engaged  on  reports  and 
i^ppraisals   of  public  utility  and   industrial   properties. 

F.  H.  \^'illiams,  city  manager  of  Brownsville,  Tex.,  since  the 
inauguration  of  the  commission-manager  form  of  government  two 
vears  ago.  has  resigned  on  accovmt  of  ill  health.  A  successor 
[irobably  will  not  be  named  before  January. 

Joseph  M.  Bryant  has  resigned  his  position  as  engineer  in 
'harge  of  the  Uinta  project  of  the  U,  S.  Indian  Irrigation  Service 
rvud  will  enter  the  Navy  Department  as  civil  engineer.  Albert 
J.  Charles  vf  North  Yakima.  Wash.,  succeeds  Mr.  Bryant. 

Calvin  W.  Hendrick,  formerly  chief  engineer  of  the  citj^  of 
>ialtimore.  Md.,  has  been  elected  president  and  general  manager 
(f  the  West  Virginia  Coal  &  Timber  Co.,  a  $600,000  corporation 
f.rganized  recently  by  Baltimore  parties.  The  new  company  has 
bought  and  will  develop  32,000  acres  of  coal  and  timber  land  in 
West  Virginia. 

John  T.  Land,  an  engineer  of  Lockwood -Greene  Co..  has  been 
'  ommissioned  a  captain  in  engineers'  Reserve  Corps.  Mr.  Land 
lor  three  years  was  engineer  on  the  constr'iction  of  the  municipal 
Hocks  and  terminals  of  the  city  of  Jacksonville,  Fla.  At  the  time 
^rar  was  declared  he  was  chief  engineer  foi-  the  Expoi"t  Railway 
<,'o.  at  Tampa,  in  charge  of  its  railway  terminal  and  municipal 
development  work,  also  general  manager  and  chief  engineer  of 
the  Morey  &   Thomas  Shipbuilding  Co. 

Charles  H.  Ewing,  Iieretofore  general  manager  of  the  Phil- 
adelphia &  Reading  R.  K.,  has  been  promoted  to  the  office 
of  vice-president.  F.  M.  Falck,  who  was  assistant  general 
manager  for  some  months,  succeeds  Mr.  Ewing  as  general 
manager  of  the  road.  Mr.  Ewing  was  born  at  Chester  on 
Mav  26,  1866,  and  after  graduation  from  college,  entered 
the  services  of  the  Reading,  working  his  way  through  tut 
engineering  department  until  he  was  made  manager  on 
March  17.  i;il6.  Mr.  Falck  was  formerly  superintendent  of 
the   Reading    Division. 


Industrial  Notes 

•Walter  A.  Zelnicker  Supply  Co.  of  .St.  Louis  has  just  ac- 
quired the  services  of  L.  B.  Moses,  who  has  been  closely 
associated  with  the  rail  trade  since  1903,  when  he  left  the 
position  of  assistant  to  tiie  president  of  the  Kansas  City 
Southern  Ry.  Since  1911  he  has  been  sales  manager  of  the 
Kettle    River    Co.    of   Minneapolis.      Mr.    Moses   joins    the    Zel- 


^Mce-president,    in    charge   of    the 
ters  at   the   company's   main  of- 


nicker  C'rganization  as  second 
Rail  Department,  with  headnu 
fices  in  St.  Louis. 

L.  F.  Hamilton,  manager  Advertising  and  Specialty  De- 
partment of  the  National  Tube  Co.,  hat  accepted  a  similar 
position  with  the  Walworth  Mfg.  Co..  Boston,  which  on  Aug. 
1,  purchased  the  Kewanee  uorks  of  the  National  Tube  Co. 
Mr.  Hamilton  was  born  m  Kewanee,  111.  He  was  graduated 
from  the  University  of  Illinois  in  1897.  He  was  with  the 
Western  Tube  Co.  until  1908.  advancing  from  claim  depart- 
ment and  secretary  to  sales  manager.  From  1903  to  1917 
he  was  with  the  National  Tube  Co  He  was  identified  with 
the  advertising  success  of  the  "Kewanee"  union,  tlie  "Shelby" 
tubing  and  the  "National"  pipe.  He  has  been  a  contributor 
to  advertising  periodicals  and  speaker  on  advertising  sub- 
jects. Several  technical  advertising  men  are  graduates  from 
National  Tube  Co.  Advertising  Department,  obtaining  their 
training  under  Mr.  Hamilton,  including-  W.  A.  Phillis,  ad- 
vertising manager  the  Borden  Co.,  Warren,  O.;  Wm.  J.  S. 
Ritscher,  advertising  manager  Petroleum  Iron  Works  Co.  of 
Ohio,  Sharon,  Pa.;  G.  E.  Land,  advertising  manager  Blaw- 
Knox  Co..   Pittsburgh,   Pa. 

The  annual  salesmen's  convention  of  the  Blaw-Knox  Co 
was  held  recently  in  Pittsburgh,  Pa.  The  first  day  of  the 
convention  was  devoted  to  inspection  of  the  "Blaw"  plant  at 
Hoboken,  Pa.,  and  conferences  covering  "Blaw"  clamshell 
buckets,  "Blawforms"  for  concrete  construction,  and  "Blaw" 
fabricated  structural  steel  products.  Special  train  conveyed 
the  entire  party  the  next  day  to  the  "Knox"  plant  at  Wheat- 
land. Pa.  During  the  inspection  of  the  plant,  and  also  at 
the  luncheon  that  followed,  L.  L.  Kno.x.  inventor  of  water 
cooled  equipment  for  furnaces,  gave  a  series  of  very  inter- 
esting talks  on  the  subjects  of  water  cooled  doors,  door 
frames,  ports,  reversing  valves,  and  other  "Knox"  products. 
Additional  conferences  were  held  at  Hoboken,  "Blaw"  con- 
crete mixers  and  "Knox"  products  being  the  subjects  of 
discussion.  The  convention  closed  with  a  banquet  at  the 
Concordia  Club,  110  employes,  all  directly  or  indirectly  con- 
nected with  the  sales  departments,  attending.  The  principal 
speakers  were  Messrs.  Albert  C.  Lehman.  Irvin  F.  Lehman. 
F.  M.  Bowman.  L.  L.  Knox,  Wm.  C.  Coffin,  Benj.  L.  Hirsch- 
field  and   Wayne  r,awley. 
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Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c>   Irrigation    and    Drainage 

(b)  Sewers  and  Sani-        td)   Power 


Excavation  and  Govt.  Works — 3rd  Wednesday 

(c)  Harbors  and   Docks 

(d)  Railway  Construction 


(a)  Excavation    and 

Dredging 

(b)  Rivers  and  Canals 
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13MBiIions  forGovernment  Works 

and  Its  Significance  to 

Our  Readers 

Civil  engineers  and  contractors  need  not  worry  over 
the  business  outlook  during  the  war.  They  may  not 
secure  e.xactly  the  kind  of  work  that  they  have  been 
accustomed  to  do,  but  that  a  tremendous  amount  of 
construction  will  be  done  is  evident.  The  budget  for 
government  expenditures  from  June  30,  1918  to  June 
30,  1919,  provides  $3,504,918,055  for  public  works.  It 
is  stated  that  a  large  part  of  this  huge  sum  will  be 
spent  on  fortifications.  Obviously  this  will  involve 
vast  amount.s  of  earth  and  rock  excavation,  and  the 
placing  of  an  enormous  yardage  of  concrete.  If  this 
sum  is  entirely  expended  in  one  year,  it  means  an 
outlay  of  nearly  $10,000,000  a  day  for  public  work. 
To  our  readers  these  figures  are  highly  significant. 
The  demand  for  men  trained  to  design  and  build  en- 
gineering works  will  be  unprecedented. 

One  of  our  subscribers — a  well-known  firm  of  en- 
gineers and  contractors — was  recently  awarded  a 
"cost  plus"  contract  for  construction  in  France,  the 
total  of  which  is  estimated  to  exceed  $100,000,000. 
These  are  the  days  of  big  things  in  the  construction 
world. 


Large  Purchases  of  Construction 

Equipment  by  U.  S.  Army 

Engineers 

In  our  last  Excavation  and  Government  Work, 
monthly  issue,  Nov.  21,  p.  426,  we  published  some 
astonishing  statistics  relative  to  the  work  already 
done  by  the  Corps  of  Engineers,  U.  S.  A.  Under  two 
special  appropriations  $330,000,000  have  already  been 
made  available  for  engineering  purposes,  namely  ma- 
terials and  plant  to  be  used  in  road  and  railway  con- 
struction and  the  like  in  France.  This  huge  sum  will 
be  spent  by  the  engineers  before  next  July.  In  point 
of  cost  it  is  comparable  to  the  building  of  the  entire 
Panama  Canal  in  a  single  year!     Among  the  mate- 


rials already  ordered  are  enough  lumber  to  make  four 
miles  of  pontoon  bridges,  enough  ties  and  rails  for 
200  miles  of  track.  As  stated  in  another  editorial, 
these  engineers  will  direct  the  expenditure  of  $3,500,- 
000,000  on  public  works  in  this  countn,' — a  sum  that 
would  build  10  Panama  Canals,  or  12  times  the  sum 
spent  last  year  on  roads  and  bridges  in  America! 
These  appropriations  are  so  enormous  and  the  con- 
struction is  to  be  carried  on  so  rapidly  that  the  de- 
mand for  civil  engineers  will  be  unprecedented  before 
many  months  have  elapsed. 


Why    Machine    Drill   Sharpeners 

Should  Be  Used  More 

Extensively 

For  many  years  machine  or  power  sharpeners  have 
been  used  at  mines,  but  contractors  have  been  rather 
slow  in  adopting  machine  sharpeners  except  where 
a  large  number  of  drills  were  in  use.  The  labor  cost 
of  sharpening  bits  with  a  machine  sharpener  averages 
about  one-third  the  labor  cost  of  hand  sharpening 
(see  Gillette's  Handbook  of  Rock  Excavation,  p.  56, 
etc.),  and  the  total  cost  is  about  half  as  much  for 
machine  work  as  for  hand  work.  But  this  is  not  the 
only  economic  advantage,  for  machine  sharpened  bits 
require  less  frequent  sharpening  and  the  drilling 
speed  is  often  15  per  cent  greater  than  where  hand- 
sharpened  bits  are  used.  A  machine  operated  by  one 
man  can  repoint  60  bits  an  hour,  and  the  bits  are  per- 
fectly uniform.  Even  where  there  are  so  few  drills 
that  a  drill  sharpening  machine  cannot  be  kept  busy, 
it  pays  to  own  one. 


Use   Bolts  Instead    of  Spikes  on 
Temporary  Timber  Work 

In  building  falsework,  forms  and  other  temporary 
wooden  structures  it  has  usually  been  the  practice  to 
use  spikes  and  nails  freely.  The  high  price  of  lum- 
ber is  now  leading  to  the  substitution  of  bolts  for 
snikes  wherever  practicable,  so  that  the  salvage  value 
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of  the  material  may  be  increased.  Bolts  would  be 
more  frequently  used  were  a  compressed  air  auger 
and  portable  air  compressor  at  hand.  There  are  so 
many  uses  to  which  compressed  air  tools  can  be  put 
that  it  is  surprising  to  note  how  few  contractors  have 
a  small  air  compressor  as  part  of  their  equipment. 


Will    Railway    Construction    Be 

Backed   With   Government 

Credit? 

Eastern  railways  are  congested  with  freight  to  such 
an  extent  that  many  passenger  trains  have  already 
been  discontinued.  The  congestion  is  mainly  due  to 
lack  of  trackage,  both  in  main  lines  and  yards.  It 
has  been  said  that  another  four-track  line  from  New 
York  to  Washington  is  badly  needed.  Certainly  more 
trackage  is  required  between  New  York  and  Chicago. 

On  new  construction  work  alone  a  billion  dollars 
can  be  effectively  invested  by  American  railways 
every  year  for  ten  years  to  come.  But  railway  credit 
is  so  poor  that  the  money  can  not  be  raised  without 
government  assistance  of  some  sort.  If  the  assistance 
comes  only  in  the  form  of  higher  freight  rates,  it  may 
be  doubted  whether  the  public  will  buy  new  issues  of 
railway  stocks  until  there  is  further  government  aid 
to  railway  companies.  It  begins  to  be  evident  that 
the  government  must  not  only  raise  railway  rates,  but 
lend  money  to  the  railways.  If,  as  seems  likely,  a 
billion  dollai-s  should  be  loaned  next  year  to  the  rail- 
ways by  the  government,  railway  contractors  will  ex- 
perience the  busiest  year  of  their  lives. 


The  Cost  of  Hydraulicking  a  Small 
Yardage  of  Earth 

The  question  frequently  arises  as  to  whether  it  will 
be  economic  to  excavate  a  small  quantity  of  earth  by 
the  hydraulic  method.  Hence  cost  data  on  installing 
and  operating  a  small  sluicing  plant  are  particularly 
useful.  The  following  data  relate  to  the  sluicing 
2,750  cu.  yd.  of  clay  into  the  main  canal  of  the  Grand 
Valley  irrigation  project,  Colorado,  the  work  being 
done  by  the  U.  S.  Reclamation  Service: 

Per  cu.  yd. 
Ct. 

Repairing  and  installing  plant  ($185) 6.7 

Labor  operating  plant   3.9 

Material  for  operating 0.1 

Power,  1.92  K.  W.  H.  at  3.53  ct 6.8 

Removing    plant    ($101)     3.7 

Total   21.2 

Engineering,    automobile    expense,    etc 7.9 

29.1 

The  item  of  repairing  and  installing  plant  consisted 
largely  of  initial  repairs  to  an  old  pump  before  put- 
ting it  in  service.  An  electric  transmission  line  al- 
ready existed,  so  that  there  was  no  expense  involved 
in  building  a  power  line. 

A  hydraulic  giant,  40  ft.  of  riveted  pipe  and  75  ft. 
of  6-in.  canvas  hose,  cost  $146,  but  as  they  were  in 
actual  operation  only  84  hrs.  the  depreciation  was 
nominal.  A  two-stage  centrifugal  pump  with  a  6-in. 
discharge,  driven  by  a  75  H.P.  motor,  delivered  3.13 
sec.  ft.  With  a  3i i-in.  nozzle  the  giant  could  throw  the 
water  110  ft.  horizontally. 

Two  men  operated  the  plant.  The  material  exca- 
vated was  a  dense,  tough  clay.  The  stream  from  the 
giant  was  kept  moving  over  the  face  of  the  bank,  to 
remove  the  clay  in  thin  layers  so  that  it  would  sluice 
readily.    A  short  wooden  flume  delivered  the  material 


into  the  canal  whose  porous  sides  it  was  desired  to 
silt  up  with  the  clay.  There  was  pumped  340  cu.  ft. 
of  water  for  every  cubic  yard  of  clay.  The  rate  of 
excavation  was  33  cu.  yd.  per  hour  for  48  hrs.  of  ac- 
tual operation.  This  is  a  low  rate,  but  the  clay  was 
tough  and  it  was  desired  to  reduce  it  to  a  very  fine 
mud  that  would  be  carried  in  suspension  for  a  long 
distance  in  the  canal. 


How   to   Snatch  Wagons  Out  of 
a  Pit  Rapidly 

So  simple  a  problem  as  snatching  loaded  wagons  out 
of  a  pit  will  often  repay  careful  study.  Thus  one 
frequently  sees  two  snatch  teams  at  work  where  one 
hoisting  engine  would  do  the  work  and  with  less 
strain  on  the  wagon  teams.  In  order  to  speed  up  the 
work,  it  is  frequently  possible  to  provide  two  roadways 
out  of  the  pit,  the  roadways  meeting  on  the  level 
ground.  Between  the  Y  formed  by  the  two  roads,  a 
hoisting  engine  is  placed,  and  on  the  level  ground  near 
the  junction  of  the  two  roads  a  deadman  and  a  swivel- 
ing  sheave  are  placed.  The  cable  from  the  engine 
passes  through  the  sheave,  and  its  free  end  is  hooked 
to  the  rear  end  of  an  empty  wagon  as  it  descends  into 
the  pit.  Then  it  is  hooked  to  a  loaded  wagon  which  is 
pulled  out.  The  next  empty  wagon  descends  on  the 
other  roadway,  and  thus  the  wagons  descend  and 
ascend  alternately  on  the  two  roads.  A  wagon  every 
minute  can  thus  be  snatched  out  of  the  pit  by  the 
hoisting  engine. 


The  Extent  to  Which  Government 
Work  Is  Subcontracted 

When  a  large  government  contract  is  awarded  to 
one  company  the  public  is  apt  to  say:  "Lucky  dog." 
The  fact  is  that  not  one  but  perhaps  a  hundred  "lucky 
dog"  companies  are  involved  in  the  execution  of  the 
one  contract.  For  example,  the  Crane  Co.  of  Chicago 
received  a  contract  to  furnish  all  the  sanitary  and 
piping  equipment  for  the  16  army  cantonments.  With- 
in three  months  all  the  material  had  been  delivered 
and  90  different  companies  had  furnished  material 
to  the  Crane  Co.  under  its  contract  with  the  govern- 
ment. These  90  companies  were  virtually  sub-con- 
tractors. The  government  is  to  spend  more  than 
$3,500,000,000  on  public  works  next  year.  Doubtless 
a  good  many  very  large  contracts  will  be  awarded, 
but  under  each  of  the  contractors  there  will  be  a 
great  many  sub-contractors. 


Count  the  Idle  Men  in  a  Job 
Periodically 

If  you  wish  to  realize  fully  the  amount  of  lost  time 
on  a  job,  count  the  men  who  are  temporarily  idle 
once  every  minute  for  a  quarter  of  an  hour.  Thus 
at  9:30  you  may  note  that  3  men  of  a  gang  of  8  are 
not  doing  useful  work;  and,  again,  at  9:31  you  may 
note  that  4  men  are  idle.  An  average  of  15  counts 
(one  every  minute)  discloses,  say  that  40  per  cent 
of  the  men  were  idle  at  the  moments  the  counts  were 
made.  Several  such  counts  made  during  a  day  will 
frequently  act  as  an  eye  opener,  and  lead  to  changes 
of  methods  and  organization.  An  interesting  article 
en  "Why  Some  Contractors  Fail  to  Make  Money,"  in 
our  Nov.  21  issue,  contained  an  illustration  of  the 
"Tjplication  of  this  method. 
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The    Miami     Flood     Protection 

Work  to  be  Done  by  Day 

Labor  Directed  by 

a  Contractor 

It  has  been  decided  to  reject  all  bids,  except  for  one 
minor  part,  on  the  Miami  Valley,  Ohio,  flood  preven- 
tion work,  which  will  cost  about  $25,000,000,  and  to 
do  the  work 'by  day  labor.  Charles  H.  Locher  of  Bris- 
tol, Va.,  has  been  selected  to  organize  and  direct  the 
con.struction  forces.  Mr.  Locher  is  one  of  the  ablest 
contractors  in  America.  In  addition  to  being  an  ex- 
ecutive he  is  an  inventor.  Some  25  years  ago  he  in- 
vented an  aerial  dumping  device  for  use  on  cable- 
ways  that  removed  rock  and  earth  from  the  Chicago 
Main  Drainage  Canal.  Gillette's  Handbook  of  Rock 
Excavation,  p.  653,  says:  "This  device  insured  the 
success  of  the  cableway." 

On  a  contract  for  excavation  of  rock  for  a  new  chan- 
nel at  Sault  Ste.  Marie,  Mr.  Locher  devised  a  coffer- 
dam that  made  it  unnecessary  to  remove  the  rock  by 
subaqueous  methods,  although  the  Government  engi- 
neers had  regarded  it  as  impracticable  to  do  the  work 
"in  the  dry." 

Mr.  Locher  has  been  a  member  of  several  contract- 
ing firms  that  have  executed  important  contracts,  such 
as  the  Shoshone  Dam,  the  Wachusett  Dam,  work  on 
the  Chicago  Drainage  Canal,  the  New  York  Barge 
Canal,  the  Catskill  Aqueduct,  etc. 

The  engineering  of  the  Miami  flood  protection  proj- 
ect is  in  the  hands  of  an  able  corps  of  engineers  under 
the  leadership  of  Arthur  E.  Morgan.  With  Mr.  Mor- 
gan as  chief  engineer  and  Mr.  Locher  as  chief  con- 
structor, this  great  project  will  be  handled  expedi- 
tiously and  economicall.y. 


How  You  Can  Assist  in  Recruiting 
the  Quarrymen's  Regiment 

A  special  Quarrymen's  Regiment — the  28th  Engi- 
neers— is  being  recruited  for  service  in  France.  Read 
the  advertisement  in  this  issue  and  assist  your  gov- 
ernment in  securing  recruits.  There  are  18  different 
classes  of  skilled  workmen  needed,  as  listed  in  the 
advertisement,  which  also  gives  the  rates  of  wages 
paid.  Among  the  men  who  are  working  for  you  or 
whom  you  know,  there  are  doubtless  some  who  are 
qualified  to  join  this  regiment,  and  who  would  gladly 
go.  Either  post  this  advertisement  where  they  will 
see  it.  or  mail  it  to  some  one  who  is  likely  to  be  in- 
fluenced by  this  call  to  serve  the  nation  in  its  hour  of 
need. 


Lubricating  an  Earth  Chute  with 
Water 

Where  earth  is  to  be  moved  a  comparatively  short 
distance  by  gravity,  and  where  there  is  no  objection 
to  converting  it  into  mud,  it  is  frequently  economic  to 
chute  it  down  a  steel-lined  trough.  In  such  a  case 
the  trough  may  be  lubricated  with  water  from  a  1 
to  I'j-inch  perforated  pipe  laid  along  the  bottom  of 
the  chute. 

If  muddy  earth  is  fed  from  a  bin  into  a  chute,  it 
may  clog  the  bin  gate.  In  this  case  a  steam  pipe  can 
be  used  to  make  the  mud  flow  out,  by  shoving  the  pipe 
down  through  the  mud  from  the  top  and  turning  on 
the  steam. 

We  have  never  heard  of  the  use  of  a  concrete  tower 
and  chute  for  conveying  earth,  but  it  is  apparent  that 


if  the  earth  were  converted  into  a  thin  mud  it  would 
be  feasible  to  move  it  a  considerable  distance  in  this 
manner.  .- 


Enlistments   For   the    Road    Bat- 
tahons  of  the  Sawmill  Regi- 
ment (20th  Engineers) 
Are  Desired 

We  are  in  receipt  of  a  telegram  from  Capt.  H.  L. 
Bowlby  stating  that  three  road-building  battalions  of 
1,000  men  each  are  to  be  enlisted  as  part  of  the  Saw- 
mill Regiment,  the  20th  Engineers.  Our  readers 
should  not  confuse  these  battalions  with  those  of  the 
Road  Building  Regiment — the  23d  Engineers. 

Capt.  Bowlby's  telegram  is  as  follows: 

War  lieiKiitinent  ha.s  mitlioi-ized  three  liattalions  of  l.OUO 
men  each  to  build  roads  and  bridges  with  the  Twentieth  Engi- 
neers, the  larg:e  Sawmill  Regiment.  The  three  battalions  are 
being  rai.sed  at  Camp  American  University,  Washington,  D.  C, 
by  Col.  W.  A.  Mitchell  of  the  Twentieth  Engineers.  Their  work 
in  France  will  consist  of  laying  out  logging  and  sawmill  camp 
sites  and  constructing  and  maintaining  roads  and  bridges  from 
the  wood.<J  to  the  mills  and  from  the  mills  to  the  distributing 
depots.  Road  foremen,  iiuarrymen,  rollermen,  stationary  engi- 
neermen.  concrete  foremen,  bituminous  plant  and  construction 
foremen,  machinists,  carpenters,  asphalt  workers,  skilled  and 
unskilled  road  and  bridge  labor  of  all  kinds  are  desired.  Enlist 
al:  any  recruit  ofBce  for  the  Twentieth  Engineers'  Road  Sec- 
tion, p'urther  information  can  be  obtained  by  addressing 
Colonel   Mitchell,    Camp  American  University,   Washington,    D.   C. 


Pulling  Trench  Sheeting  With  a 
Backfiller 

The  scarcity  of  labor  is  leading  to  the  more  ex- 
tensive use  of  small  power  scrapers  for  backfilling 
trenches.  It  is  not  generally  realized  by  contractors 
+hat  a  backfiller  can  also  be  used  for  pulling  the  sheet- 
ing from  a  trench  after  it  has  been  filled.  To  do  this 
a  tripod,  with  legs  12  to  14  ft.  long,  is  set  over  the 
trench  and  provided  with  a  snatch  block  through 
which  passes  the  hauling  line  from  the  backfiller  to 
the  sheeting  timber  to  be  pulled.  The  operator  of  the 
backfiller,  aided  by  one  man,  can  readily  pull  16  sheet- 
ing 12-ft.  planks  per  hour. 


It 


Flood     Concrete     to    Protect 
From  Freezing 

Concrete  is  frequently  used  to  line  ditches  or  in 
other  places  where  it  is  feasible  to  cover  it  completely 
with  water  soon  after  it  is  laid.  Water  can  then  be 
used  to  protect  the  concrete  from  freezing.  Although 
.there  is  no  record  of  its  having  been  done,  it  would 
seem  practicable  to  protect  a  concrete  road  or  pave- 
ment base  in  this  manner,  for  small  earth  dikes  could 
be  built  to  hold  the  water. 


Boring  Blast  Holes  in  Frozen 
Earth 

When  it  is  necessary  to  blast  frozen  earth,  bore 
holes  can  be  readly  put  down  with  a  hot  hand  drill. 
In  some  cases  the  drill  steel  is  solid  and  is  well  heated 
at  the  lower  end,  which  facilitates  its  penetration 
when  di-iven  into  the  earth.  In  other  cases  a  hollow 
pipe  is  provided  with  a  steel  cutting  bit,  and  the  bit 
is  kept  hot  by  steam  escaping  from  perforations  in  the 
pipe  just  above  the  bit. 

Would  it  not  be  feasible  to  fill  such  a  hollow  drill 
with  boiling  water,  and  thus  use  it  to  churn  a  hole  into 
the  frozen  earth? 


(103) 


502 


ENGINEERING     AND     CONTRACTING 


\'ol.  48,  No.  25. 


Use  Automobile  Horns  Instead  of 
Bells  For  Signalling 

From  time  immemorial  bells  have  been  used  for  sig- 
nalling on  construction  work;  but  a  bell  is  not  par- 
ticularly loud  and  is  often  not  audible  unless  very 
close  to  the  man  who  is  receiving  the  signal.  On  the 
other  hand  a  Klaxon  horn  can  be  clearly  heard  a  long 
way  off,  hence  it  may  be  used  to  signal  to  an  operator, 
or  to  call  a  superintendent  to  a  telephone,  or  to  an- 
nounce the  dinner  hour,  and  the  like. 


Mounting  of  Hammer  Drills  on  Tripods 

To  the  Editor:  In  your  issue  of  Nov.  21,  page  409, 
I  note  an  editorial  entitled,  "Why  Are  Air  Hammer 
Drills  Not  Mounted  More  Commonly  on  Tripods?" 

The  suggestions  contained  in  this  editorial  seem 
to  me  to  be  rather  dangerous  and  are  very  apt  to  in- 
vite trouble.  The  modern  hammer  drill  used  for  down 
hole  work,  unlike  the  reciprocating  drill,  is  of 
very  light  construction,  weighing  not  to  exceed  40  lb. 
to  60  lb.  A  suitable  tripod  would  weigh  in  the  neigh- 
borhood of  150  lb.  to  200  lb.  or  from  three  to  four 
times  as  much  as  the  drilling  machine.  The  drill 
used  without  a  tripod  requires  no  helper,  whereas 
mounted  on  a  tripod  a  helper  would  have  to  be  pro- 
vided in  order  to  handle  the  heavy  mounting.  There 
is  no  real  excuse  for  mounting  a  40-lb.  machine,  as 
most  of  them  are  self-rotating,  and  the  only  effort 
required  on  the  part  of  the  operator  is  in  holding  the 
machine  to  its  work  when  starting  a  hole  and  in 
changing  drill  steels,  which  work  would  not  be  elim- 
inated by  the  use  of  a  tripod.  This  is  irrespective  of 
the  depth  of  the  hole. 

You  refer  particularly  to  the  application  of  a  tripod 
and  hammer  drill  to  work  in  seamy  ground.  It  seems 
to  me  the  objections  to  the  use  of  this  type  of  equip- 
ment are  even  more  pronounced  than  under  other  con- 
ditions, as  the  drilling  machine  would  necessarily  be 
in  fixed  position,  and  the  tendency  of  the  drill  bit  to 
follow  a  cleavage  would  put  an  enormous  strain  on  a 
comparatively  light  drilling  machine.  I  am  afraid 
this  would  lead  to  all  sorts  of  trouble. 

There  is  another  objection  to  a  tripod  mounting, 
and  that  is  the  time  lost  in  moving  the  mounting  and 
readjusting  the  machine  from  hole  to  hole  would  ma- 
terially reduce  the  actual  drilling  time,  materially  in- 
creasing the  cost  of  drilling  per  foot  of  hole.  It  is 
not  uncommon  to  find  an  unmounted  hammer  drill 
will  put  down  a  reasonable  depth  hole  in  the  time  or- 
dinarily required  to  move  a  tripod  and  reciprocating 
rock  drill.  C.  A.  Hirschberg, 

Publicity  Manager,  Ingersoll-Rand  Co., 

New  York. 


[The  editorial  suggestion  in  our  issue  of  Nov.  21 
was  prompted  by  the  fact  that  40-lb.  hammer  drills 
are  being  successfully  used  on  quarry  bars  and  tri- 
pods in  two  quarries  of  the  Knoxville,  Tenn.,  marble 
district.  The  Appalachian  Marble  Co.,  for  example, 
has  displaced  6  piston  drills  with  4  air  hammer  drills 
(■40-lb.),  and  only  5  men  are  needed  to  operate  the  4 
hammer  drills  as  agajnst  12  men  formerly  required 
on  the  6  piston  drills.  Hammer  drills  are  mounted  in 
pairs  on  a  quarry  bar  10  ft.  long.  Drill  holes  are  14 
ft.  deep  and  1^2  in.  diameter  at  the  top  1  1'16  in.  at 
the  bottom.  The  holes  are  close  spaced,  which  en- 
ables the  drilling  of  several  holes  from  one  setting  of 
the  quarry  bar.  In  our  next  Excavation  issue  we 
hope  to  have  some  data  relative  to  the  use  of  these 
hammer  drills  on  tripods. — Editor.] 
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How  the  $150,000,000   Canton- 
ment Construction  Program 
Was  Handled 

The  Cantonment  Construction  Division,  an  organ- 
ization which  did  not  exist  6  months  ago,  has  built  in 
this  incredibly  short  period  of  time  16  National  Army 
contonments,  with  26,500  buildings  to  house  and  care 
lor  675,000  men;  two  embarkation  camps  for  43,000 
men;  one  quartermasters'  training  camp  for  18,000; 
additions  to  the  regular  army  barracks,  for  100,000; 
repair  shop  units;  the  semi-permanent  structures  at 
16  National  Guard  camps,  to  care  for  462,000  men, 
and  has  designed  and  purchased  equipment  for  certain 
large  plants  for  our  army  in  France — a  tremendous 
task  involving  200,000  men,  and  an  estimated  cost  of 
ppproximately  $187,000,000,  over  three-fourths  of 
which  has  already  been  spent.  In  his  address  deliv- 
ered Dec.  5  before  the  American  Society  of  Mechan- 
ical Engineers,  an  abstract  of  which  is  given  below, 
Mr.  Leonard  Metcalf  of  Metcalf  &  Eddy,  Consulting 
Engineers,  Boston,  Mass.,  summarizes  the  splendid 
rchievement  as  follows: 

"Where  can  you  duplicate  the  experience,  involv- 
ing as  it  does  an  expenditure  of  $150,000,000,  in  6 
months'  time,  three  times  the  maximum  rate  of  ex- 
penditure in  12  months  on  the  Panama  Canal,  and 
which  increased  10-fold  the  normal  building  activities 
of  the  country,  without  substantial  increase  in  the 
cost  of  materials  from  beginning  to  end  of  the  task — 
due  largely  to  the  work  of  the  War  Munitions  Board 
of  the  Council  of  National  Defense  and  its  commit- 
tees; involving  meager  compensation  to  the  adminis- 
tratoi-s,  designers  and  supervisors  and  voluntary  serv- 
ice on  the  part  of  many  skilled  advisers,  who  dropped 
important  personal  obligations  to  go  to  Washington 
for  days,  weeks  or  months  in  response  to  telegrams 
asking  for  help;  voluntary  co-operation  and  work  by 
the  railroads,  telephone,  electric  and  other  utilities, 
and  substantial  expenditure  without  guaranty  of  re- 
turn; contractors  taking  contracts  to  build  structures 
e.stimated  to  cost  from  $3,000,000  to  $4,000,000  and 
actually  building  these  and  many  additional  struc- 
tures so  that  the  final  contract  sums  ranged  from 
$8,000,000  to  $10,000,000  per  cantonment,  nearly 
doubling  the  necessary  construction  period,  but  with- 
out increase  in  compensation,  and  this  when  the  com- 
pensation upon  the  building  of  the  National  Army 
cantonments  was  limited,  not  to  a  profit  of  10  per 
cent,  as  has  so  often  been  stated,  but  to  a  gross  re- 
turn of  $250,000,  averaging  for  the  16  cantonments 
less  than  3  per  cent,  out  of  which  sum  had  to  come 
an  overhead  expense  of  probably  $100,000  and  inter- 
e.st  charges  upon  $600,000  to  $1,000,000  of  working 
capital  amounting  to  perhaps  $25,000  to  $40,000  more, 
leaving  a  net  profit  to  the  contractor  of  substantially 
less  than  2  per  cent." 

On  May  17,  1917,  Brigadier  General  I.  W.  Littell, 
then  colonel  of  the  U.  S.  Quartermaster  Corps,  was 
detailed  by  the  Secretary  of  War  to  assemble,  and  di- 
rect an  organization  to  be  known  as  the  Cantonment 
Division  of  the  Quartermaster  Corps,  to  provide  fa- 
cilities for  training  and  housing  the  new  National 
Army  and  National  Guard.  He  called  to  his  aid 
Major,  then  Captain,  W.  H.  Oury,  Major,  then  Cap- 
tain, R.  C.  Marshall — both  of  the  regular  army — and 
Major  Dempsey  of  the  Officers'  Reserve  Corps,  the 
former  of  whom  had  been  supervising  the  enlarge- 
ment of  some  of  the  army  barracks,  the  second  of 
whom  was  soon  engrossed  in  the  new  cantonment  con- 
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struction,  and  the  last  of  whom  took  up  the  question 
of  auditing  construction  expenditures. 

Neither  funds  nor  quarters  nor  personnel  were 
available  for  the  designated  service,  for  the  appro- 
priation bill  which  carried  $77,000,000  for  the  incep- 
tion of  this  work,  was  still  in  debate  in  Congress. 
This  was  the  opportunity  of  the  Committee  on 
Emergency  Construction  of  Buildings  and  Engineer- 
ing Structures  of  the  War  Munitions  Board  of  the 
Council  of  National  Defense.  Of  the  latter  board 
Frank  M.  Scott  of  Cleveland  was  the  able  chairman. 
This  committee  was  made  up  of  five  experienced  build- 
ers— William  A.  Starrett  of  New  York  City,  architect 
and  formerly  of  the  building  firm  of  Thompson-Star- 
rett  Co.,  chairman;  C.  W.  Lundoff  of  Cleveland,  presi- 
dent of  the  Crowell,  Lundofi",  Little  Co.,  building  con- 
tractors; M.  C.  Tuttle  of  Boston,  general  manager  of 
the  Aberthaw  Construction  Co.;  Capt.  Wm.  Kelly  of 
the  U.  S.  Engineer  Corps,  who,  however,  was  unable 
to  give  much  time  to  the  work  of  the  committee,  ow- 
ing to  other  army  obligations ;  and  Frederick  Law 
Olmstead  of  Boston,  engineer  and  landscape  archi- 
tect. To  their  assistance  they  called  many  engineers, 
city  planners,  architects  and  specialists  of  different 
kinds,  to  act  on  sub-committees  or  to  give  desired 
advice  on  special  subjects. 

Circumstances  thus  made  it  possible  for  the  com- 
mittee to  render  General  Littell  service  in  an  ad- 
visory capacity  on  the  formation  and  civilian  person- 
nel of  his  organization,  on  the  form  of  contract  under 
which  the  work  should  be  built,  on  engineers,  city 
planners  and  contractors  of  responsibility  to  design 
and  build  the  cantonments,  and  at  the  moment  to 
make  the  most  of  the  time  which  might  elapse  before 
the  appropriation  bill  should  be  passed  by  Congress, 
by  preparing  typical  plans  or  layouts  for  the  build- 
ings and  other  structures  involved,  making  topogra- 
phic plans  of  the  sites,  studying  the  water  supply, 
sewerage  and  other  public  service  facilities,  the  best 
arrangement  or  grouping  of  structures,  adapting  the 
typical  plans  to  the  local  topography — all  through  the 
voluntary  service  of  architects,  engineers  and  city 
planners. 

The  organization  proposed  by  the  committee  and 
pdopt,-^d  by  General  Littell  comprised  four  different 
groups,  reporting  to  his  staff  officers: 

Major  Frank  M.  Gunby,  formerly  associated  with 
Charles  T.  Main  of  Boston,  in  charge  of  design; 
assisted  by  Major  F.  B.  Wheaton,  Capt.  Doten,  Dab- 
ney  H.  Maury,  Clarence  Goldsmith  and  W.  M.  John- 
son of  the  National  Board  of  Fire  Underwriters,  and 
George  Gibbs,  Jr.,  of  Boston. 

Major  Robert  E.  Hamilton,  formerly  purchasing 
f.gent  of  Stone  &  Webster,  in  charge  of  materials  and 
transportation. 

Major  M.  J.  Whitson  of  Seattle,  formerly  partner 
cf  Grant,  Smith  &  Co.,  in  charge  of  construction;  as- 
sisted by  a  staff  of  division  engineers — Peter  Junker- 
felt,  Charles  L.  Paralee,  Ezra  B.  Whitman  and  others. 

Major  Dempsey  in  charge  of  accounting. 

Since  that  time,  benefiting  by  the  earlier  experi- 
ence and  with  a  view  to  handling  the  additional  work 
of  building  ports  of  embarkation,  ordnance  depots, 
coast  artillery  posts,  medical  department  construc- 
tion, mobile  ordnance  school  barracks,  quartermas- 
ters' warehouses  and  miscellaneous  plants,  the  organ- 
ization has  been  enlarged,  modified  and  strengthened. 
Major  Marshall  remaining  in  command  under  Gen- 
eral Littell,  assisted  by  Captains  Thompson  and  Mau- 
pin;  the  engineering  branch  being  .still  in  charge  of 
Major   Gunby;    the    construction    of   Majors   Whitson 
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and  Junkerfelt;  the  materials  of  Major  Willcutt; 
finance  and  accounting  of  Major^  Dempsey ;  construc- 
tion and  repair  of  Major  Zollars;  the  law,  Major  Shel- 
by; information,  Capt.  Erek;  transportation  requisi- 
tions, Capt.  Ritche  and  Chief  Clerk  Moreland;  and 
.several  other  engineers  of  large  reputation  and 
breadth  of  experience,  such  as  Lincoln  Bush,  Major 
Betts,  Warren  R.  Roberts,  and  others,  have  been 
drawn  into  the  service,  fine  examples  of  personal  sac- 
rifice. 

The  Committee  on  Emergency  Construction  of 
Buildings  and  Engineering  Structures  first  undertook 
to  get  local  investigations  under  way  and  the  prep- 
aration of  typical  building  plans.  As  soon  as  canton- 
ment or  camp  sites,  were  designated  by  the  depart- 
ment commanders,  approved  by  the  army  staff  and 
reported  to  General  Littell,  city  planners  and  con- 
sulting engineers,  were  asked  to  go  to  them,  volun- 
tarily and  at  their  own  expense,  to  make  topographic 
maps,  study  the  water  supply  and  sewage  disposal 
problems,  the  location  of  railroads,  roads  and  other 
utilities,  and  to  report  to  Washington  with  all  dis- 
patch. Within  a  week's  time  in  a  number  of  cases, 
topographic  rtiaps  were  prepared  of  areas  of  from 
1,000  to  2,000  acres,  and  essential  information  was 
obtained  upon  the  points  desired.  Meanwhile,  lead- 
ing architects  and  engineers,  had  been  summoned  to 
Washington  to  assist  in  the  revision  of  the  plans  for 
the  barracks,  the  preparation  of  typical  plans,  which 
were  afterwards  adapted  to  the  local  topography,  on 
Ihe  ground,  by  the  staffs  sent  to  the  individual  camps. 

Meanwhile,  contractors  were  assembling  in  Wash- 
ington to  see  if  they  could  be  of  service  and  the  com- 
mittee directed  its  efforts  to  the  preparation  of  a 
form  of  contract  under  which  a  work,  of  the  magni- 
tude then  contemplated  and  since  largely  increased, 
could  be  built  with  reasonable  certainty  within  a 
time-limit  of  90  days,  in  the  face  of  congested  trans- 
portation conditions,  soaring  material  prices  and  labor 
shortage. 

A  form  of  contract  inducing  speed  was  essential. 
This  compelled  the  elimination  of  the  financial  hazard 
to  the  contractor,  and  for  the  protection  of  the  Gov- 
ernment the  selection  of  contractors  solely  on  the 
basis  of  experience,  merit  and  integrity.  It  was  at 
cnce  apparent  that  the  competitive  form  of  contract 
dictated  by  past  Government  precedent,  was  out  of 
the  question  with  the  time  limit  available  and  the 
conditions  to  be  faced. 

Lump-sum-profit  basis  form  of  contract  was 
weighed  and  rejected  as  likely  to  emphasize  the  idea 
of  barter  and  trade  rather  than  of  fitness  and  com- 
petency, and  to  embarrass  the  Government  in  award- 
ing contracts  to  more  experienced  contractors  if  lower 
profit  basis  were  offered  to  the  Government  by  less 
experienced  or  desirable  men. 

The  cost-plus-percentage  basis,  however,  appeared 
to  meet  the  fundamental  requisites  and  the  addition 
of  a  limiting  lump  sum  profit  made  the  Government 
safe  in  its  operation  in  the  event  of  substantial  in- 
crease in  the  amount  of  work  done  under  it.  The 
combined  efforts  of  many  able  men— lawyers,  engi- 
neers and  contractors,  as  well  as  of  various  engineer- 
ing organizations,  produced  the  "Emergency  Con- 
struction Contract"— a  radical  departure  from  Gov- 
ernment precedent— which  provided  essentially  for 
^he  construction  of  the  work  on  the  basis  of  cost, 
plus  profit,  the  latter  varying  from  10  to  6  per  cent, 
with  the  magnitude  of  the  work,  with  the  important 
limitation  of  an  upset  profit  of  $250,000.  from  which 
sum,  however,  the  contractor  had  to  meet  his  own 
lO.S) 
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cffice  overhead  and  interest  costs.  It  is  interesting 
and  but  fair,  in  the  face  of  some  of  the  unfounded 
l)ublic  criticism  which  has  been  heard,  to  note  the 
effect  of  this  upset  limit  of  profit.  On  the  construc- 
tion of  the  16  army  cantonments,  involving  a  total 
cost  of  appro.ximately  $134,000,000  or  upwards  of 
S8, 000, 000  per  cantonment,  the  nominal  profit  to  the 
contractors  will  be  less  than  3  per  cent  and  after 
deducting  the  probable  contractor's  overhead  and 
interest  costs,  the  actual  profit  substantially  less  than 
2  P"i-  cent — in  some  cases  perhaps  less  than  1^2  per 
cert.  Upon  the  construction  of  the  National  Guard 
camps,  involving  a  total  cost  of  $36,000,000,  or  about 
$2,250,000  per  cantonment,  the  contractor's  fee  is 
higher,  approximately  7  per  cent — but  as  the  over- 
head cost  is  also  proportionately  much  higher  the 
total  return  in  cash  for  the  six  months'  period  of 
work  is  substantially  less  than  in  the  cantonment 
construction. 

Inasmuch  as  nearly  all  of  the  war  construction 
work  now  being  executed  by  the  Government  is  being 
done  on  an  emergency  basis,  where  speed  and  not 
cost  must  control,  thinking  men  will  be  careful  not 
to  criticise  carelessly  and  will  weigh  fairly  the  influ- 
ence of  the  time  element.  In  the  execution  of  work 
on  such  a  tremendous  scale,  under  prevailing  labor 
and  material  cost  conditions,  it  is  inevitable  that 
money  wnll  be  wasted  and  mistakes  made,  but  the 
work  must  be  done — expeditiously  done — that  the 
-saving  may  be  one  of  lives  and  days,  not  dollars. 

While  the  preliminary  investigations  were  under 
way,  the  committee  sent  out  questionnaires  concern- 
ing contracting  firms  in  this  country,  seeking  ref- 
erences, a  statement  of  the  magnitude  and  kind  of 
work  executed  during  the  past  2  years,  the  number 
of  men  handled  and  fed  at  one  time,  and  the  finan- 
cial resources  of  the  concern:  obtained  the  rating 
of  the  contractors  by  important  financial-credit  con- 
cerns, and  called  to  its  assistance  .John  H.  McGib- 
bons,  formerly  of  the  U.  S.  Fidelity  &  Guaranty  Co. 
of  Chicago,  to  aid  it  with  his  broad  knowledge  of  the 
standing  and  financial  credit  of  contractors. 

Armed  with  this  information  a  sub-committee  of 
five  men,  with  Mr.  Starrett  as  chairman,  selected  the 
contractors  deemed  best  qualified  at  the  moment  to 
undertake  the  work  and  who  had  demonstrated  in 
their  past  experience  their  ability  to  handle  work  of 
such  a  character  and  upon  such  a  scale;  and  reported 
its  findings  to  Mr.  Scott's  committee  of  the  War  Mu- 
nitions Board.  From  the  latter  committee,  recom- 
mendation passed  to  General  Littell,  and  after  sub- 
mission of  the  evidence  and  recommendations  to  the 
■Secretary  of  War,  appointment  was  finally  made  by 
General  Littell.  The  subsequent  experience  in  the 
building  of  the  camps  seems  clearly  to  have  justified 
the  course  of  procedure,  and  it  is  greatly  to  the  credit 
of  the  Government  that  it  can  be  said,  unequivocally 
and  with  absolute  candor,  that  these  appointments 
were  made  on  the  merits  of  the  case,  as  they  were  un- 
derstood, without  political  pressure  or  "influence."  It 
is  further  greatly  to  the  credit  of  the  leading  firms 
of  contractors  that  as  a  rule  their  representatives  left 
Washington  before  they  knew  whether  they  were  to 
be  recommended  for  specific  work  and  before  ap- 
pointment were  made. 

The  committee  then  turned  its  attention  to  the  prep- 
aration of  forms  of  contract  for  the  employment  dur- 
ing construction  of  the  engineers  and  other  experts 
necessary  at  the  camp  sites,  being  greatly  assisted  in 
its  work  by  different  members  of  the  national  engi- 
neering societies,  who  voluntarily  came  to  Washing- 


ton  in   response  to  telegraphic   request  to  assist  the 
committee. 

Engineers  believed  to  be  most  competent  and  at  the 
moment  available  for  service  at  the  various  canton- 
ments, were  also  designated — appointments  in  all 
cases  being  made,  of  course,  by  General  Littell  and 
his  staff. 

In  this  way  the  Government  had  the  voluntary 
service  of  many  men — skilled  in  the  particular  field 
involved — in  building  up  an  effective  organization  and 
personnel  for  the  work  in  hand;  men  who  co-operated 
in  a  thoroughly  disinterested  way  with  the  adminis- 
trative army  board,  in  responsible  control.  The  i-e- 
.'^ults  attained  here  seem  to  indicate  the  advantage 
(>f  such  a  purely  advisory  board,  the  recommendations 
cf  which  could  be  followed,  modified  or  rejected  with 
cause,  by  the  duly-constituted  executive  authorities. 
The  16  national  army  cantonment  sites  were  ap- 
proved at  various  dates  ranging  from  May  31  to  June 
27.  1917,  contracts  for  their  construction  were  exe- 
cuted between  June  15  and  June  23,  and  work  was  be- 
gun between  June  13  and  July  6.  On  Sept.  4,  or  in 
loss  than  three  months'  time,  about  430,000  men  could 
have  been  taken  care  of  at  the  cantonments,  on  the 
first  adopted  basis  of  200  men  to  the  barrack,  later 
reduced  to  150  men,  and  on  Dec.  5,  1917.  the  camps 
v.ere  substantially  all  completed,  despite  the  great 
increase  in  construction  involved  by  the  pi-escribed 
increase  in  cubical  air  space  per  man  in  the  barracks, 
from  365  to  500  cu.  ft.,  the  addition  of  remount  sta- 
tions, to  care  for  10,000  horses  at  each  of  the  camps 
having  them,  hospitals  and  other  changes,  which  have 
nearly  doubled  the  work  originally  contemplated. 

The  story  of  the  construction  of  the  National  Guard 
camp  equipment  is  similar,  except  that  the  work  in- 
volved is  only  about  one-fourth  of  that  involved  in 
ihe  construction  of  the  cantonments. 

A  few  figures  in  regard  to  the  magnitude  of  the 
work  involved  in  building  the  16  National  Army  Can- 
tonments may  be  suggestive.  There  were  required 
upwards  of  800  billion  feet,  or  37,000  cars  of  lumber, 
and  40,000  cars  of  other  material— a  total  of  77,000 
cars  upon  the  cantonment  construction  without  al- 
lowance for  the  materials  ordered  locally  and  not 
from  Washington,  the  total  involved  in  the  canton- 
ment, camp,  and  embarkation  station  construction  to 
Oct.  31,  being  approximately  112,000  cars;  756,000 
souares  of  sheathing  paper,  800,000  of  roofing  paper, 
172,000  doors,  34,000,000  sq.  ft.  of  wall  board,  106,- 
IIOO  kegs  of  nails,  314,000  barrels  of  cement,  282  miles 
of  wood  and  cast  iron  pipe,  3,550  hydrants,  75  miles 
of  fire  hose. 

As  the  construction  of  the  cantonments  was  draw- 
ing to  an  end  the  work  of  this  bureau  was  extended 
to  cover  the  construction  activities  of  the  army — ex- 
cept in  a  few  special  cases  such  as  in  the  aviation 
corps,  where  it  was  thought  wiser  by  the  Secretary 
rf  War  to  leave  the  construction  in  the  hands  of  the 
departments  for  the  use  of  which  the  structures  were 
to  be  built.  This  new  work  is  well  under  way.  con- 
stantly growing  and  broadening. 

As  one  reviews  the  woi'k  accomplished  by  this  Can- 
tonment Division,  one  cannot  but  be  thrilled  by  this 
fresh  evidence  of  the  resources  of  these  United  States 
;.nd  the  loyalty  and  ability  of  its  people — remember- 
ing how  recently  and  in  what  manner  this  bureau  was 
organized;  that  cantonment  construction  involved  but 
one  branch  of  governmental  activity  and  one  compara- 
tively small  group  of  men,  and  that  similarly  inspir- 
ing evidences  of  effective  service  are  to,  be  found  in 
all  of  its  other  branches. 
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Method  and  Cost  of  Clearing  Cut 
Over  Land  With  Powder 

Under  a  co-operative  plan  with  the  Land  Depart- 
ment of  the  Potlatch  Lumber  Co.  the  Forestry  De- 
partment of  the  University  of  Idaho  has  been  carry- 
ing out  extensive  land  clearing  operations  with  a  view 
of  determining  the  most  efficient  methods.  The  re- 
sults Obtained  in  this  work  by  the  use  of  blasting 
powder  are  described  in  a  recent  bulletin  of  the  Uni- 
versity Agricultural  Experiment  Station,  from  which 
the  matter  following  is  taken. 

The  site  selected  for  the  operations  was  on  level 
bottom  land  in  the  valley  of  the  Palouse  River,  Idaho. 
The  soil  is  classified  by  the  U.  S.  Bureau  of  Soils  as 
"potlatch  silty  clay  loam  with  a  tendency  to  be 
clayey."  The  soil  was  underlaid  with  a  hardpan  for- 
mation at  an  average  depth  of  about  3^-^  ft.  It  had 
been  covered  formerly  with  a  dense  stand  of  western 
yellow  pine,  Douglas  fir  and  western  larch,  in  ap- 
proximately equal  proportions  as  shown  in  the  fol- 
lowing table: 

PERCENT.\GE    OF    TI.MBKR. 

(Ft.  diameter.) 

Plot  No.  Red  fir.         YeHow  pine.     TamaracK. 

1 3.5.7  30.5  .•S4.7 

2 49.3  23  27.7 

Some  of  the  pine  had  been  cut  8  years.  Most  of 
the  tamarack  and  fir  had  been  logged  more  recently; 
some  only  2  years  before.  All  except  the  smaller 
stumps  were  sound. 

Two  working  plots  each  of  5  acres  were  carefully 
selected  with  the  view  of  securing  representative  cost 
figures.  Each  plot  was  handled  in  exactly  the  same 
manner  as  regards  preliminary  work,  the  mak- 
ing of  holes,  piling  and  burning  logs,  brush  and 
stumps,  and  leveling  the  ground  after  all  clearing 
work  had  been  done.  The  explosive  used  in  Plot  No. 
1  was  a  20  per  cent  stumping  powder;  on  Plot  No.  2 
a  potassium  chlorate  powder  equivalent  to  60  per  cent 
dynamite  was  employed. 

The  number  and  per  cent  of  sound  stumps  in  each 
plot  were  as  follows: 

NU.MBEIR    AND    PliR    CENT    OF    SOUND    STUilPS. 

Diameter. 

6-in 26 

8-in 12.8 

10-in 19.1 

12-in 3.1 


14- 

16-in 38..S 

IS-in. 


20-in 48.4 

22-in 57 

24-in 46 

26-in 39 

28-in 30.4 

30-in 12.5 

32-in 21.4 

34-in 14.1 

36-in 24 

3S-in 12.6 

40-in 6.7 

42-in 10.5 

44-in 18.3 


56-in. 


4.6 


A  crew  of  from  4  to  6  men  was  used  for  the  work 
of  swamping  and  sawing,  while  two  men  with  teams 
worked  to  best  advantage  after  the  material  was  cut 
up  and  rolled  out  where  it  was  easily  accessible.  The 
large  logs  were  thrown  into  heaps  and  constituted  the 
base  of  all  the  piles.  The  lighter  logs  with  limbs, 
brush  and  stump  fragments  were  then  thrown  on 
top,  completing  the  work  preparatory  to  burning. 
The  tools  used  were  the  axe,  the  cross-cut  saw,  cant- 
hooks,  mattocks,  shovels,  augers,  block  and  tackle, 
%-in.  wire  cable,  a  snatch  block  open  at  the  side  to 
admit  cable  without  passing  the  end  through  the 
block  (a  very  great  advantage),  and  a  digger  with  a 


3-in.  cylindrical  bit  open  on  one  side  and  welded  to 
an  8-ft.  handle  of  1-in.  gas  pipe,  which  is  an  excellent 
tool,  capable  of  cutting  its  waj'  through  roots  and 
frozen  ground.  A  battery  costing  about  $18  with  lead 
wires  completed  the  outfit  of  tools. 

Swamping,  Sawing  and  Piling  Logs,  Brush,  Etc.— 
The  preliminary  work  consisted  of  swamping  and  saw- 
ing and  placing  all  brush  and  unsound  logs,  limbs, 
brush,  etc.,  in  piles  for  burning.  The  cost  of  the  pre- 
liminary work  was  as  follows: 


swampers    176 

Sawyers    39 

Teamsters    40 

Teams    40 

Feed    


Total 


Locating  and  Making  the  Holes. — One  should  have 
a  good  knowledge  of  the  root  system  of  the  dilTerent 


Was  started. 


species  before  undertaking  this  part  of  the  work. 
Nothing  is  of  more  importance  than  determining  upon 
the  position,  number,  and  depth  of  holes  to  be  made 
under  the  large  stumps.  The  exercise  of  proper 
judgment  on  these  points  will  do  more  than  anything 
else  to  reduce  the  amount  of  powder  used  and  to  se- 
cure the  highest  possible  efficiency. 

Large   yellow   pines   generally   have   large,   strong. 


View    Across    Plot    No.    2    Siiowing    Conditions    Before    Work    Was 
Begun. 


and  heavy  tap  roots.  White  pine  and  Douglas  fir,  as 
a  rule  have  no  tap  roots,  but  have  large  spreading 
laterals  that  are  fairly  easy  to  lift  with  properly 
placed  powder.  Larch  roots  are  mostly  lateral,  but 
enter  the  ground  obliquely  and  are  hard  to  remove. 
Holes  should  run  well  toward  the  center  in  yellow  pine, 
intermediate  for  larch,  and  well  toward  the  periphery 
of  the  base  of  the  stump  between  the  large  laterals 
for  large  firs  and  white  pine. 
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Various  species  tend  to  develop  stronger  tap  roots 
on  sloping,  well-drained  and  aerated  soils,  than  on 
level  or  mucky  soils  or  in  swamps.  The  laterals  tend 
to  be  more  oblique  when  growing  under  the  former 
conditions  than  under  the  latter.  These  are  impor- 
tant general  rules  which  hold  good  for  all  species. 

The  number  of  holes  to  be  placed  under  a  stump 
in  order  to  remove  it  completely  and  yet  not  waste 
powder  was  a  point  which  received  the  most  careful 
attention.  One  hole  was  found  to  be  sufficient  for 
removing  stumps  up  to  18  in.  in  diameter,  while  two 
holes  were  sufficient  for  removing  stumps  up  to  30 
in.  in  diameter,  and  three  holes  for  40-in.  stumps. 
Four  holes  were  generally  found  ample  for  removing 
larger  stumps,  though  for  the  largest  five  holes  were 
sometimes  found  necessary. 

The  depth  of  the  holes  is  also  a  very  important  fea- 
ture and  the  success  or  failure  of  any  blast  often  de- 
pends as  much  on  the  depth  as  on  the  location  of  the 
holes. 

It  was  suggested  that  the  vertical  depth  of  the  hole 
should  equal  the  diameter  of  the  stump.  This  rule 
was  found  to  work  well  until  the  diameter  of  the 
stump  exceeded  4  ft.  It  seemed  that  the  sinking  of 
the  holes  to  a  greater  depth  was  of  doubtful  utility. 


Method   of    Piling    Stumps    and    Logs   Pr 


ratory    to    Bur 


at  least  for  the  soil  conditions  found  on  these  two 
tracts. 

In  order  to  insure  the  perfect  removal  of  the  later- 
als it  was  found  necessary  to  rupture  an  area  of  soil 
having  a  radius  about  three  times  greater  than  that 
of  the  stump,  and  in  going  deeper  than  4  ft.  the  weight 
of  the  earth  to  be  removed  is  so  great  as  to  yield  un- 
satisfactory results.  It  was  found,  therefore,  to  be 
impracticable  to  go  deeper  than  4  ft.  No  more  earth 
should  be  removed  than  is  necessary  in  order  to  se- 
cure efficiency  on  account  of  the  added  expense  of 
filling  the  holes.  Holes  should  be  deeper  in  sandy 
or  dry,  loose  soil,  and  shallower  where  the  hardpan 
is  near  the  surface  or  where  the  ground  is  moist  or 
well  frozen  on  top. 

The  cost  of  making  the  holes  for  the  powder  was 
as  follows: 

, Plot  No.  1 V        • Plot  No.  2 , 

Hours.     Pate.        Total.  Hours.     Rate.       Total. 

Boring  holes    ....      1.52         $0.25         $38.90  16S         $0.25         $42.00 

Per  acre    "."S  5.40 

Placing  the  Powder. — In  loading  the  holes  great 
care  should  be  exercised  relative  to  the  proper  amount 
of  powder  to  be  used  under  the  stump  and  also  to  its 
proper  distribution  in  the  case  of  the  larger  stumps. 
Here  again  the  powder  man  must  study  the  root-sys- 
tem and  the  slope  and  be  guided  accordingly.  He 
must  strive  to  place  the  powder  in  the  various  holes 


each  place.  The  proper  way  to  put  a  charge  of  dyna- 
mite into  a  hole  is  to  split  the  cartridges  down  the 
side  and  cut  them  in  two.  This  puts  the  powder  into 
a  small,  compact  space.  The  cap  should  be  put  into 
the  end  of  a  half  unsplit  stick,  which  should  be  placed 
well  down  in  the  charge  in  the  hole.  If  electric  fuses 
are  to  be  used,  a  half  hitch  around  the  end  of  the 
cartridge  is  desirable  in  order  that  the  cap  may  not 
be  pulled  out  in  tamping  the  powder  and  adjusting 
the  wires.  This  tamping  should  be  done  firmly  but 
very  carefully  with  a  wooden  tamping  stick  until  the 
charge  is  covered  to  a  depth  of  5  or  6  in.  The  earth 
used  in  filling  the  remainder  of  the  hole  should  be 
very  firmly  tamped,  as  the  efficiency  of  the  powder  in 
a  properly  tamped  charge  may  be  nearly  double  that 
of  one  tamped  in  a  loose  and  careless  manner.  One 
should  remember  that  the  force  of  the  explosive  de- 
pends more  on  the  degree  of  confinement  than  on  any 
other  single  factor,  and  any  crevices  or  air  spaces 
greatly  reduce  the  power  of  the  explosive;  for  this 
reason  water  is  the  best  possible  confining  medium, 
but  cannot  be  recommended  for  general  use,  since 
it  is  often  not  conveniently  at  hand.  Waterproof  fuse 
must  be  used  in  tamping  with  water  and  great  care 
must  be  exercised  to  render  the  caps  watertight 
around  the  fuse,  by  means  of  soap,  tallow,  or  some 
other  sealing  medium. 

When  more  than  one  charge  is  to  be  used  under  a 
stump,  it  is  highly  desirable  to  fire  by  means  of  elec- 
tric fuses  and  a  battery.  This  is  because  of  the  fact 
that  it  is  nearly  impossible  in  using  the  ordinary 
titoe-fuses  to  bring  about  all  the  explosions  at  the 
same  instant.  Since  the  efficiency  of  the  powder  and 
likewise  the  work,  depends  in  a  great  measure  on  this 
one  factor,  it  should  not  be  neglected.  Where  one 
charge  explodes  before  the  others,  its  energy  is  ex- 
pended in  loosening  the  soil  without  removing  the 
stump  and  the  effectiveness  of  the  other  charges  is 
thus  greatly  reduced,  whereas  if  all  are  exploded  at 
once  each  has  equal  lifting  power  because  of  the 
proper  conditions  of  soil  firmness  under  which  each 
does  its  work. 

Where  only  one  hole  is  used  in  removing  the  stump 
it  is  cheaper  to  use  blasting  caps  rather  than  electric 
fuse,  and  is  usually  as  effective.  This  is  true  unless 
the  stumps  are  so  close  together  that  the  ground 
around  others  will  be  loosened.  In  such  cases  a  bat- 
tery should  be  used  and  the  entireg  roup  fired  at  once. 

The  labor  cost  of  the  blasting  was  as  follows: 


Hours. 

Powdernian    5S 

Helper    ."iS 


Hours.  Rate.  Total. 
41  $0. .-!.■.  $14. 3S 
6S  .2S  17.00 


Strength  of  Caps. — The  lower  the  strength  of  pow- 
der the  greater  the  strength  of  cap  necessary  to  se- 
cure the  greatest  efficiency.  This  had  been  definitely 
determined  by  the  United  States  War  Department. 
Many  persons  make  the  serious  mistake  of  using  low- 
power  caps  because  they  are  cheap.  The  War  De- 
partment has  shown  that  40  per  cent  dynamite  is  15 
per  cent  stronger  when  a  No.  5  cap  is  used  than  when 
a  No.  3  cap  is  used;  while  the  difference  is  only  6 
per  cent  when  60  per  cent  dynamite  is  used.  When 
several  stumps  stand  together,  electric  fuses  and  a 
battery  should  be  used,  the  stumps  being  connected 
in  a  series. 

Quantity  of  Powder  to  Use.— Great  care  was  used 
to  determine  just  the  proper  amount  of  powder  neces- 

si,  sLiivc  Lu     icvLc  ...t  tj^,r^^ ^   .„..„„ sary  for  different  sizes   and   species   of  stumps.     In 

proportion\o'Thetmo'irnrorworrto"be""done  in      general    one   should   so   strive   to   place   the    charges 
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under  a  stump,  both  in  position  and  amount,  as  to 
exert  a  pressure  under  each  main  division  of  it  suffi- 
cient to  just  throw  the  stump  out  of  the  ground. 
Either  a  larger  or  a  smaller  charge  is  wasteful.  The 
use  of  an  insufficient  amount  of  powder  cracks  the 
stump  and  so  loosens  the  soil  as  to  make  the  final  re- 
moval with  powder  costly.  When  a  second  blast  is 
necessary  more  powder  is  often  required  to  remove 
the  shattered  stump  than  would  have  been  necessary 
to  have  completely  removed  the  stump  in  the  first  at- 
tempt. For  this  reason  it  is  always  better  to  use  a 
slight  excess  of  powder  as  a  factor  of  safety,  thus  in- 
suring the  removal  of  the  stump  at  the  first  trial. 

Since  the  efficiency  of  powder  varies  with  the  vary- 
ing conditions  of  soil,  moisture,  stumps,  etc.,  this 
problem  must  be  worked  out  in  a  general  way  for 
each  locality.  A  little  careful  study  and  experi- 
mentation in  starting  work  in  a  new  field  will  save 
much  powder,  time  and  labor. 

Piling  and  Burning  the  Stumps. — In  piling  the 
.stumps  four  men  were  found  necessary  with  each 
team  in  order  to  secure  the  greatest  efficiency.  All 
the  loose  fragments  were  drawn  to  the  log  heaps  and 
piled  as  high  as  possible  by  hand;  sometimes  sep- 
:;rate  piles  of  stumps  alone  were  made  when  this  was 
most  convenient.  A  ginpole  was  not  used  as  it  was 
thought  that  by  being  careful  to  bring  the  larger 
fragments  to  the  piles  at  first  and  while  they  were 
low,  nothing  would  be  gajned  by  using  the  pole. 
Hanging  fragments  were  removed  occasionally  with 
a  second  blast,  but  generally  by  means  of  the  team 
and  single  block  and  cable.  Occasionally  two  double 
blocks  and  a  's-in.  wire  cable  were  also  brought  into 
action,  the  single  block  being  attached  to  the  run- 
ning end  of  the  large  cable  from  the  double  blocks. 
This  arrangement  proved  to  be  very  efficient,  multi- 
plying the  power  of  the  team  approximately  six  times. 
At  first  a  few  piles  were  made  around  large  shat- 
tered stumps  in  the  hope  of  removing  them  by  means 
of  fire,  but  this  was  found  to  be  expensive  and  un- 
satisfactory, as  the  piles  were  consumed  long  before 
the  stumps  were  burned  out,  and  much  labor  and 
trouble  were  necessary  in  keeping  the  fires  going  till 
the  stumps  were  consumed.  In  burning  it  was  found 
best  to  fire  first  a  pile  of  stumps  and  logs  here  and 
there.  This  gave  abundant  live  coals  for  readily 
kindling  the  remaining  piles  and  proved  a  great  sav- 
ing of  time.  One  man  with  a  long-handled  shovel 
could  quickly  have  all  the  rest  burning.  As  the  piles 
burned  out  it  was  necesary  to  throw  the  material 
from  the  outer  edges  into  the  center,  until  all  was 
consumed  and  the  ground  thus  left  ready  for  leveling. 
The  cost  of  piling  the  stumps  was  as  follows: 

, Plot  No.  1 V        . Plot  No. 

Hours.     Rate.        Total.  Hours.     Rate. 

Swamper.'^    168         $0.2.5         $42.00  220         $0.25 

Teamsters    42             .25           10..50  52             .25 

Teams            42           1.00*           4.65  52           1.00« 

Feed                lOO*           4.65  ...           1.00* 


Leveling. — The  larger  holes  were  all  filled  by  turn- 
ing one  or  two  deep  furrows  into  them;  then  the  bal- 
ance of  the  field  was  plowed,  and  a  large  V-shaped 
road  drag  made  of  3  by  12-in.  planks  was  used  for 
further  leveling.  This  drag  was  equipped  with  a 
heavy  ring  on  each  leg  at  the  rear  and  when  alongside 
a  large  hole  an  extra  team  was  hitched  to  this  ring 
with  a  cable  and  the  drag  pulled  sidewise,  thus  de- 
positing the  load  of  earth  in  the  hole.  This  operation 
may  be  repeated  from  two  or  more  sides  if  necessary. 
A  metal  plate  fastened  to  the  bottom  of  the  drag  and 
extending  outward  from  2  to  3  in.  will  increase  its 
efficiency.  This  method  was  found  to  be  cheap  and 
very  efficient. 

The  estimated  cost  of  leveling  the  ground  per  plot 
was  as  follows: 


Teamsters 
Helpers  ... 
Teams  ... 
Feed    


Hours.     Rate.  Total. 

20         $0.25  $  5.00 

20             .23  5.00 

20           1.00»  2.00 

1.00»  2.00 


Total    $14.00 

Per  acre   2.80 

•Per  day. 

The  estimated  cost  of  burning  per  plot  was:  One 
man  80  hours  at  25  ct.  or  $20,  making  the  cost  per 
acre  |4.  The  average  amount  of  powder  used  for 
each  size  of  stump  is  shown  in  Table  I. 

General  figures  on  the  clearing  of  the  two  plots  fol- 
low: 

.-\roa.  ac!-es    

Number  of  stumps   

Total  feet  diameter 

A\'erage  diameter,    in 

Powder   used,    lb 

Cost  powder,   ct.   per  lb..' 

Cost  powder  per  ft.   diameter,   ct 

Blasting   holes,    ft 1,220 

Cost  blasting  per  ft.   hole,  ct 

Blasting  caps.  No.  5.  No 2»( 

Electric  fuses.    No.   (!,   No 340 

Triple    tape    fuse,    ft 422 

The  final  cost  figures  were  as  follows: 


lot  No.  1 

.     Plot  No.  2. 

5 

5 

479 

365 

703.3 

674.7 

14.4 

21.2 

1,678 

2,000 

16 

17 

39.3 

50 

1,220 

1,228 

.032 

.034 

Plot  Plot  Plot  Plot 

No.  1.  No.  2.  No.  1.  No.  2. 

Prelim,    work $72.65  $73.70  $14.53  $14.74 

Making   holes 38.90  42.00  7.78  8.40 

Blasting    34.70  31.35  6.94  6.27 

Powder    276.50  340.00  55.30  68.00 

Caps    24.77  38.73  4.95  7.74 

Fuse   4.22  0.09  0.S4  0.02 

Piling  stumps 61.80  73.80  12.36  14.76 

Burning   20.00  20.00  4.00  4.00 

Leveling    14.00  14.00  2,80  2.80 


-Cents — V 
Per  ft.  diam. 
Plot        Plot . 


Total    $547.54     $633.67     $109.50     $126.73 


Total 


.80 


Contract  for  Flood  Prevention  Work,  Dayton,  O. — 

The  McWilliams  Northern  Dredging  Co.,  a  subsidiary 
company  of  R.  H.  &  G.  A.  McWilliams,  Chicago,  111., 
has  been  awarded  a  contract  by  Miami  Conservancy 
District,  Dayton,  O.,  for  levee  work  at  Dayton.  The 
quantities  and  unit  prices  were  as  follows: 

Clearing   and    grubbing.    2   acres $150.00 

Soil  stripping.  8.000  cu.    yd 0.40 

Levee   embankment.    58,000    cu.    yd 50 

Cleaning  up.  lump   500.00 

Bids  on  this  work  were  opened  Nov.  15.  The  bids 
received  at  this  time  for  the  other  contracts  were  re- 
jected, and  the  work  will  be  carried  out  by  a  day- 
labor  plan,  as  noted  elsewhere  in  this  issue. 


Diameter,    in 

Sticks  powder  

Pounds     

Pounds  per  ft.  diam.. 
Cost  per  ft.  diam..  ct. 
Cost  per  stump,  ct... 


TABLE  I— AVERAGE  AMOUNT  OF  POWDER  USED  FOR  EACH  SIZE  OF  STUMP. 

Plot  No.   1. 
6        8      10      12      14      16      18      20      22      24        26      28      30      32      34      36      38      40 


42      44      48      52      56 


Diameter,    in 6 

Pounds    < 

Pounds  per  ft.  diam 1.4 

Cost  per  ft.   diam..  ct 24 

Cost  per  stump,  ct 12 


24   24   32 


8'5  10.5  12.5  13.5  14.5  15.5  16.5   18  19  20  21  24   26/  28 

2  2  5  2  8  3  1  3.7  'i.7     5:3   6.6  7.8  8.4  9.1  9.7  10.3  11.2  11.9  12.5  13.2  15   16.2  17.5 

2  2  14  2  1  2  06  2  22  2  5  2  65  3.04  2.63  3.36  3.41  3.42  3.44  3.53  3.67  3.57  3.60  3.75  3.74  3.75 

39  42  54  55  55   56  56.5  57  57  57.5  60   60   60 

105  128  134 


25   25   34   36 
17   21   34   42 


40   45   50   59   75   85 

Plot  No.  2. 
14   16   18   20   22   24 
2.5  2.6  3.3  4.2    5  5.5 
2  2.14  1.9  2.2  2.52  2.7  2.75 


55  165  179  190  200  211  240  259  28 


28   30   32   34   36   38   40   42   44 


55 


3.3  3.28 


3.54  3.73 


56   56   61   62   61   60   60   63   63   64 
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Inverted  Transit  Gives  Lines  and 

Grades  in  Small  Diameter 

Tunnel 

In  order  to  avoid  delaying  construction  operations 
in  small  tunnfels  being  driven  for  the  Edison  Electric 
Illuminating  Co.  of  Boston,  Mass.,  the  transit  used 
for  giving  the  lines  and  grades  was  attached  to  the 
roof  of  the  tunnel  in  an  inverted  position,  allowing 
the  muck  cars  to  pass  beneath.  The  tunnel  had  an 
inside  diameter  of  7  ft.,  which  did  not  permit  of 
setting  up  the  instrument  on  its  tripod  without  stop- 
ping the  passage  of  cars  on  the  construction  track. 
The  method  employed  was  described  by  Mr.  Henry 
B.  Pratt,  Assistant  Engineer,  J.  R.  Worcester  &  Co., 
Boston,  in  the  November  Journal  of  the  Boston  So- 
ciety of  Civil  Engineers,  from  which  the  matter  in 
this  article  is  taken. 

In  order  to  use  the  inverted  instrument  it  was  nec- 
essary first  to  so  arrange  the  level  tube  that  the  bub- 
bles could  be  seen  when  the  transit  was  upside  down 
and  the  vertical  arc  in  its  normal  position.  A  Buff 
transit  was  used,  equipped  with  a  180"  vertical  arc, 
and  after  having  the  instrument  put  into  good  adjust- 
ment it  was  set  up  on  the  tripod,  the  telescope  leveled, 
and  a  horizontal  line  marked  about  50  ft.  distant, 
coinciding  with  the  horizontal  cross-hair  in  the  in- 
strument, with  the  vertical  arc  reading  zero.  The 
level  tube  beneath  the  telescope  was  then  removed 
and  replaced  in  an  inverted  position,  the  telescope 
rotated  vertically  so  as  to  bring  the  level  tube  over 
the  telescope  with  the  graduations  uppermost,  and 
the  level  tube  so  adjusted  that  when  the  cross-hair 
was  on  the  mark  the  bubble  was  on  center.  Now  by 
rotating  the  telescope  back  to  its  normal  position 
and  setting  the  vertical  arc  on  zero,  the  telescope 
was  brought  perpendicular  to  the  vertical  axis  of 
the  instrument  with  the  bubble  on  center,  although 
not  in  a  readable  position  until  the  instrument  was 
turned  upside  down.  If  the  transit  were  equipped 
with  a  complete  vertical  circle,  this  same  object  could 
have  been  accomplished  by  rotating  the  telescope  ver- 
tically 180  from  normal  and  clamping  with  the  ver- 
tical arc,  reading  that  figure  which  would  bring  the 
bubble  into  a  readable  position  when  the  transit  was 
turned  upside  down. 

Wooden  blocks  about  8  in.  square  were  built  into 
the  roof  of  the  tunnel  as  the  work  progressed,  being 
placed  at  intervals  of  about  200  ft.  To  these  blocks 
were  attached  metal  sockets,  such  as  the  transit  is 
screwed  to  when  cased,  care  being  taken  to  set  them 
approximately  on  line.  When  giving  line  in  the  tun- 
nel, the  transit  was  screwed  to  one  of  these  sockets, 
the  vertical  arc  was  set  on  zero  and  the  instrument 
leveled  by  using  leveling  screws  and  observing  the 
telescope  bubble,  which  was  now  above  the  telescope 
with  the  graduations  uppermost.  It  required  some 
practice  to  level  the  instrument,  as  the  screws  had 
to  be  turned  in  the  opposite  direction  from  what  they 
would  be  if  the  transit  were  in  an  upright  position. 
The  instrument  was  revolved  horizontally  in  leveling, 
in  the  same  manner  in  which  a  Wye  level  is  revolved 
when  being  set  up.  In  order  to  bring  the  transit  on 
to  the  exact  line,  it  was  slipped  laterally  on  the  sliding 
head  and  brought  on  to  line  by  observing  two  points 
which  had  previously  been  accurately  established  far- 
ther back  in  the  finished  tunnel.  The  telescope  could 
now  be  rotated  vertically  and  line  given  ahead  in  the 
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usual  manner.  After  bringing  the  instrument  on  to 
line,  a  plug  was  set  in  the  side  of  the  tunnel  at  the 
level  of  the  telescope  and  an  offset  read  to  the  center 
of  the  instrument  in  order  that  the  transit  could  be 
set  on  line  at  any  other  time  without  making  obser- 
vations. 

When  giving  grades  the  telescope  was  leveled,  the 
height  of  instrument  determined  and  rod  readings 
taken  in  the  usual  manner.  After  once  obtaining  the 
height  of  the  instrument  on  a  "Set-up"  on  any  par- 
ticular socket  it  was  found  that  the  instrument  would 
be  near  enough  to  the  same  height  on  successive  set- 
up on  this  socket  to  allow  of  giving  grades  without 
a  further  reading  on  the  bench  except  in  the  case  of 
establishing  a  bench  ahead. 

In  order  to  prevent  wear  between  plates  of  the 
transit  due  to  the  liability  of  particles  of  dirt  working 
into  the  joint,  the  two  plates  were  kept  constantly 
clamped.  As  a  further  precaution,  some  heavy  grease 
was  run  into  the  joint  so  that  when  the  transit  was 
screwed  to  the  roof  of  the  tunnel  particles  of  mortar 
which   would   fall   on   the   instrument   would   be  pre- 


vented from  working  into  this  joint  which  was  then 
exposed.  As  the  tunnel  in  which  this  method  was 
used  was  straight,  there  was  no  occasion  to  turn  any 
angles  or  to  set  the  instrument  on  a  point,  correct 
both  for  line  and  distance.  If  it  were  necessary  to 
run  out  a  curve  using  an  instrument  in  this  manner, 
it  could  be  accomplished  by  giving  tangent  offsets, 
instead  of  reading  angles,  which  would  be  somewhat 
difficult  to  do  with  the  instrument  upside  down.  If 
it  were  required  to  set  the  instrument  correct  both 
for  line  and  distance,  it  could  be  done  by  setting  two 
offset  plugs,  one  on  line  with  an  offset  for  distance, 
the  other  at  right  angles  to  line  with  an  offset  to  line. 

In  using  a  transit  in  this  manner  it  is  well  to  tight- 
en the  nut  at  bottom  of  spindle,  so  as  to  take  up  the 
play  between  the  plates  and  also  to  make  the  instru- 
ment secure,  as  almost  the  whole  weight  of  the  tran- 
sit is  carried  by  this  nut. 

This  method  of  running  lines  and  grades  was  found 
to  be  very  satisfactory,  as  the  engineers  were  enabled 
to  do  their  work  without  feeling  hurried,  as  they 
would  have  felt  if  they  knew  that  they  were  causing 
the  contractor  a  serious  delay. 
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Flood  Prevention  Works  of  Miami 

Comservancy  District  to  Be 

Built  Bv  Day  Labor 

The  directors  of  the  Miami  Conservancy  District  of 
Dayton,  O.,  have  decided  to  carry  out  their  construc- 
tion program  by  day  labor.  Proposals  on  this  work 
were  opened  Nov.  15,  but  the  bids  submitted  were  con- 
sidered unsatisfactory,  and  with  the  exception  of  those 
on  one  contract,  were  rejected.  This  contract  call- 
ing for  the  construction  of  a  levee  at  North  Dayton 
was  awarded  to  R.  H.  &  G.  A.  McWilliams,  Chicago, 
111. 

Announcement  was  made  last  week  that  the  direc- 
tors of  the  district  had  selected  Mr.  C.  H.  Locher  of 
Bristol,  Va.,  a  member  of  the  contracting  firm. 
Grant  Smith  &  Co.  &  Locher,  to  have  charge  of  the 
construction  work  in  connection  with  the  $25,000,000 
flood  prevention  plans  for  the  Miami  Valley. 

In  making  public  the  announcement  Col.  E.  A.  Deeds 
of  the  Conservancy  District  stated: 

The  matter  of  iloing  the  work  ourselve.f  was  finally  .set  upon 
as  the  most  feasible,  and  we  concluded  that  if  a  highly  efficient 
contractor  could  be  secured  to  work  for  this  district,  and  to 
lake  upon  himself  the  burden  of  working  out  the  best  equip- 
ment, and  of  organizing  the  construction  methods,  his  experience 
would  be  a  great  advantage  to  the  district.  Thus,  the  engi- 
neers of  our  district  would  be  free  to  give  their  best  attention 
to  demanding  the  perfection  in  the  work  they   intend  to  require. 

The  engineering  work  will  be  in  charge  of  Mr.  Ar- 
thur E.  Morgan,  who  has  been  Chief  Engineer  of  the 
District  since  its  organization.  Mr.  Morgan  will  be 
assisted  by  Mr.  Charles  H.  Paul,  Assistant  Chief  En- 
gineer. Mr.  Paul  has  had  over  20  years'  experience 
in  construction  engineering  on  big  jobs;  one  of  these 
was  the  Arrowrock  Dam,  built  by  the  United  States 
Government  under  Mr.  Paul's  direction  with  a  force 
account  organization  very  similar  to  the  one  now  be- 
ing formed  for  handling  the  conservancy  work. 

Under  Mr.  Morgan  and  Mr.  Paul  the  important  units 
of  the  work  will  be  organized  as  follows: 

H.  S.  R.  McCurdy,  Division  Engineer,  will  have  the 
Englewood  Dam.  Mr.  McCurdy  was  formerly  Division 
Engineer  on  the  Ashokan  Dam  of  New  York. 

A.  B.  Mayhew,  Division  Engineer,  will  be  in  charge 
of  the  Germantown  Dam.  Mr.  Mayhew  had  charge  of 
the  design  and  engineering  on  the  Arrowrock  Dam 
under  Mr.  Paul,  and  other  important  work  of  the  U. 
S.  Reclamation  Service. 

The  Lockington  Dam  will  be  supervised  by  B.  M. 
Jones,  who  has  had  a  varied  experience  in  construc- 
tion work  on  irrigation  dams  and  power  development 
in  the  West. 

0.  N.  Floyd,  Division  Engineer,  will  have  the  Tay- 
lorsville  dam.  Mr.  Floyd  has  filled  important  posi- 
tions in  the  conservancy  district  from  the  very  be- 
ginning of  the  work  in  the  Miami  Valley,  and  has 
made  special  studies  and  investigations  of  hydraulic 
fill  dams. 

The  Huffman  Dam  will  be  built  under  the  imme- 
diate direction  of  C.  C.  Chambers,  Division  Engineer. 
Mr.  Chambers  entered  the  service  of  the  Morgan  En- 
gineering Co.  in  1907,  and  before  coming  to  the  Miami 
Conservancy  District  had  charge  of  the  construction 
of  a  large  project  in  the  south  which  included  the  ex- 
cavation of  14,000,000  cu.  yd.  of  earth. 

The  channel  improvement  work  at  the  various  cities 
will  be  supervised  by  J.  H.  Kimball,  Construction  En- 
gineer, who  was  connected  with  the  extensive  sewer 
system  at  Louisville,  and  with  important  municipal 
works  in  the  East. 
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C.  A.  Rock,  Division  Engineer,  who  has  been  in 
charge  of  important  work  of  similar  character  in  the 
South,  as  well  as  in  Haiti,  and-  in  South  America, 
where  he  built  the  highest  railroad  in  the  world, 
across  the  Andes  Mountains.  He  will  look  after  the 
work  at  Dayton.  Mr.  Bock  has  been  identified  with 
the  preliminary  work  in  the  valley  for  two  or  three 
years. 

C.  H.  Eiffert,  Division  Engineer,  will  have  charge 
of  the  Hamilton  work.  Mr.  Eiffert  was  engaged  on 
railroad,  drainage  and  municipal  work  prior  to  his 
employment  by  the  district. 

W.  M.  Smith,  Designing  Engineer,  was  formerly  de- 
signing Engineer  with  the  Board  of  Water  Supply  of 
New  York,  and  with  the  Panama  Canal  Commission. 

As  noted  above,  bids  on  the  first  contracts  for  the 
flood  prevention  work  were  opened  on  Nov.  15.  The 
work  advertised  called  for  about  15,000,000  cu.  yd. 
of  excavation  and  257,000  cu.  yd.  of  concrete.  It  was 
divided  up  into  12  contracts,  the  approximate  quanti- 
ties in  each  being  as  follows: 


Con- 
tract 
No.         Work. 

1.  Germantown    Dam 

2.  Englewood    Dam.. 
.3.  Lockington     Dam. 

4.  Taylorsville    Dam. 

5.  Huffman     Dam... 


D.\MS. 

Paving     Iron 

Excav-         Embank-  Con-      and      and 

vation,         ment.  Crete. riprap,  steel, 

cu.  vd.          cu.  yd.  cu.  yd.  cu.  yd.  tons. 

200.000            850.000  20.000     1.000     120 

37S  000         .3.500,000  38.000     2,000     180 

200.000         l.OOO.OOO  37.000     1.000       50 

.    750,000         1,100,000  57,000     .1,000     400 

300,000         1,400,000  45,000     1.500     400 


RIVER   IMPROVEMENT 
(1) 


(3) 


43.  Miami  at  Dayton. 

42.  Miami  at  Davton 850,000 

43.  Miami  at   Dayton 465.000 

44.  Miami   at   Davton 1,000,000 

45.  Mad.     at     Dayton 20,000 

46.  Wolfe    at   Dayton 80.000 

58.  Miami  at  Hamilton.  .1,900,000 


(2) 

65,000 

80,000  25,000  

205,000  3.500  

655,000  2,000  

35,000  1,500  

25,000  1,400  

27,000  275* 


(1)    Channel    excavation.      (2)    Levee    embankment.      (3)    Con- 
crete   in   retaining   walls   and   revetment. 
♦Reinforcing   steel. 


Over  $10,000,000  has  been  subscribed  in  Holland 
for  the  erection  of  a  smelting  furnace  and  a  steel  and 
rolling  mill  at  Ymuiden,  at  the  entrance  of  the  North 
Sea  Canal.  The  products  of  the  works  would  be  in- 
tended primarily  for  shipbuilding.  The  preliminary 
plans,  however,  do  not  indicate  works  capable  of  sup- 
plying immediately  the  full  requirements  of  Holland, 
but  probably  about  two-thirds  of  the  shipyards'  de- 
mands will  be  met,  with  a  remainder  available  for 
other  industries. 


The  officials  of  the  Pekin-Hankow  R.  R.  are  consid- 
ering repairing  or  rebuilding  the  railway  bridge  over 
the  Yellow  River  in  China.  Repair  work  would  entail 
expenditures  amounting  to  $11,000,000;  and  the  au- 
thorities of  the  railway  company  think  that  in  view 
of  the  expense,  and  also  in  view  of  the  fact  that  the 
Yellow  River  is  likely  to  change  its  channel  at  the 
present  site  of  the  bridge,  endangering  the  safety  of 
the  foundations,  the  wisest  plan  would  be  to  rebuild 
at  some  point  further  upstream,  where  the  river  banks 
seem  more  stable. 


Road  Job  Calls  for  137,000  Cu.  Yd.  of  Excavation.— 

Bids  have  just  been  opened  by  the  State  Highway 
Commission  of  California  on  a  road  job  calling  for 
136,900  cu.  yd.  of  unclassified  excavation.  The  work 
is  in  Mendocino  County,  between  Willitts  and  Ar- 
nold and  calls  for  the  grading  of  8  miles  of  highway, 
Erickson  &  Patterson,  San  Francisco,  the  low  bid- 
ders, offered  to  do  the  excavation  at  74  ct.  per  cubic 
vard. 
Ill) 
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Roller  FrameUnderElectric  Shovel 
Eliminates  Delays  inMoving  Up 

By  the  use  of  a  roller  frame  under  the  electric 
shovel  employed  in  grading  for  track  reconstruction 
in  city  streets,  the  Pittsburgh  Railway  Co.  eliminates 
all  delays  in  moving  up.  The  frame  consists  of  a 
lO'i'-ft.  long  section  of  track  supported  upon  rollers, 
12  ft.  in  length.  One  end  of  the  roller  runs  upo;i  a 
light  rail  set  upon  the  ends  of  the  ties  of  the  track 
left  in  service,  while  the  other  end  runs  on  the  pave- 
ment. 


Jetting  Apparatus  of   1,000   Gal. 
Minute  Capacity 


per 


Roller    Frame   for   Carrying    Electric    Shovel. 

The  shovel  is  pushed  out  on  the  roller  frame  track 
and  blocked  there.  The  moveahead  chain  is  then  dis- 
connected from  the  axle  of  the  shovel  truck  and 
brought  down  and  connected  instead  to  one  of  the 
rollers.  By  this  arrangement  it  has  been  found  that 
the  roller  can  be  moved  about  with  practically  no  de- 
lay, faster  even  than  the  shovel  would  move  ahead 
operating  on  tractions  wheels.  Also  as  the  shovel  is 
always  maintained  at  fixed   distance  above  the   sub- 


Electric   Shovel   Operating   on    Roller   Frame. 

grade  it  is  much  easier  to  take  the  sub-grade  out  ex- 
actly to  the  desired  finished  elevation.  The  roller 
frame  is  so  built  that  it  carries  the  shovel  along  in 
such  a  position  as  will  enable  it  to  take  out  the  sub- 
grade  with  a  slope  towards  the  center  of  2  in.  in  10 
ft.  The  track  work  for  the  Pittsburgh  Ry.  Co.  is  car- 
ried out  under  the  direction  of  J.  M.  Larned,  Engi- 
neer Maintenance  of  Way. 


A  jetting  apparatus  of  unusual  size  was  employed 
by  the  Holbrook,  Cabot  &  Rollins  Corp.  in  connection 
with  the  contract  for  the  construction  of  the  new 
Thomas  River  bridge  at  New  London,  Conn.  The 
foundation  work  for  this  structure  necessitated  the 
sinking  of  some  very  large  open  caissons  to  a  depth 
of  140  ft.  through  silt  and  gravel.  They  were  sunk 
by  dredging  with  grab  buckets  through  open  pockets. 
Bowlders  too  large  to  be  handled  by  this  bucket  were 
displaced  by  the  jetting  apparatus.  This  consisted  of 
a  1,200  gal.  fire  underwriters'  pump  operated  by  a 
250  H.  P.  boiler  delivering  water  to  a  4  in.  jet  pipe 
at  a  rate  of  about  1,000  gal.  per  minute  under  a  pres- 
sure of  150  lb.  per  square  in.  In  operating,  the  jet 
pipe,  handled  by  a  derrick  or  lighter,  is  lowered  along- 
side of  a  bowlder,  and  a  large  cavity  is  at  once  created 
into  which  the  bowlder  rolls.  By  repeating  the  opera- 
tion for  a  few  minutes  the  bowlder  can  be  buried  to 
a  depth  of  15  or  20  ft.  below  its  original  position. 


Handling  Sand,  Gravel  and  Broken 
Stone  by  Portable    Con- 
veyors 

A  comparatively  new  development  in  the  field  of  labor 
saving  devices  is  the  use  of  machines  for  loading,  un- 
loading or  piling  loose  materials,  such  as  sand,  gravel, 
broken  stone  and  coal.  These  machines  not  only  elimi- 
nate a  greater  part  of  the  hand  shoveling  but  they 
also  cut  down  the  hauling  costs  by  reducing  the  load- 
ing time  for  wagons  and  trucks. 

The  loose  material  handling  machines  now  on  the 
market  vary  in  details,  but  their  essential  features  con- 
sist of  a  selfcontained  power  unit — either  an  electric 
motor  or  gasoline  engine — and  an  endless  conveying 
arrangement  of  the  belt  or  bucket  type.  The  machines 
are  mounted  on  wheels  and  can  be  moved  easily  from 
one  location  to  another. 

The  portable  conveyor  has  many  uses.  The  more 
common  care:  loading  from  storage  piles  into  wagons 
or  trucks ;  loading  from  car  to  wagon  or  from  wagon  to 
car;  and  unloading  cars  or  wagons  to  storage.  By 
employing  portable  conveyors  in  relays,  or  a  portable 
conveyor  and  a  fixed  conveyor  high  storage  piles  can 
be  built  up  or  increased  storage  space  obtained. 

The  wide  range  of  adaption  of  the  portable  con- 
veyors is  illustrated  on  the  following  page.  The  ma- 
chine shown  in  the  half-tone  is  the  type  manufactured 
by  the  Portable  Machinery  Co.,  Inc.,  of  Passaic,  N.  J. 
View  No.  1  shows  the  portable  conveyor  loading  from 
storage  into  a  wagon.  In  view  No.  3  this  operation  is 
reversed  and  the  conveyor  is  loading  from  truck  to 
.storage.  In  order  to  obtain  a  wider  range  of  distribu- 
tion a  chute  has  been  attached  to  the  conveyor.  View 
No.  4  shows  the  conveyor  stacking  gravel.  In  this 
case  the  shoveler  is  i-equired  to  keep  the  feeding  end 
covered.  The  gravel  is  being  passed  over  a  screen. 
Views  5,  9,  13  and  14  show  the  conveyors  working  in 
relays.  By  this  arrangement  high  piles  can  be  stacked 
or  the  material  spread  over  considerable  space.  In 
view  No.  20  the  conveyor  is  shown  loading  directly 
from  a  bank. 

The  first  extensive  users  of  portable  conveyors  were 
manufacturing  companies  and  coal  dealers.  Sand 
and  gravel  plant  operators  have  found  them  to  be  of 
great  service  in  handling  their  products,  and  recently 
a  number  of  contractors  have  employed  them  on  their 
work. 
112) 
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riie   Portable   Conveyor   Can    Be   Adapted   to    Many    Uses.     Some   of  Them    Are    Shown    Above. 
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Method  of  Burning  Stumpsin  Place 
in  Land  Clearing 

As  a  result  of  investigations  of  methods  of  burn- 
ing stumps  in  place  in  land  clearing,  Mr.  I.  D.  Charl- 
ton, Agricultural  Engineer  of  the  Agricultural  Ex- 
periment Station  of  the  State  College  of  Washing- 
ton, has  reached  the  conclusion  that  the  burning  of 
branching  root  stumps  in  place  is  not  practical  and 
that  it  is  cheaper  in  the  long  run  to  remove  the 
stumps  and  roots  before  trying  to  burn  them.  The 
method  of  burning  covered  by  the  investigation  are 
described  by  Mr.  Charlton  in  a  bulletin  of  the  West- 
ern Washington  Experiment  Station  to  which  we  are 
indebted  for  the  matter  in  this  article. 

Conditions  Best  Suited  to  Burning. — The  reason 
why  there  are  so  many  stumps  and  logs  remaining 
after  the  first  burn  is  due  to  dampness  of  the  wood, 
the  exposure  to  an  excess  of  air,  and  excessive  radi- 
ation of  heat.  If  the  wood  is  very  dry,  if  the  pieces 
are  so  arranged  that  only  enough  air  can  come  in  con- 
tact with  the  fire  to  carry  on  combustion,  if  the  pieces 
cover  each  other  so  that  heat  radiated  from  one  piece 
warms  another,  all  of  the  material  will  burn.  If,  as 
occasionally  happens,  the  conditions  are  just  right, 
the  first  burn  destroys  practically  all  of  the  trash, 
logs  and  considerable  of  the  stump  tops. 

Stages  in  Land  Clearing. — There  are  usually  three 
stages  to  the  burning  operations.  First  there  is  the 
slashing  and  first  burn,  usually  followed  by  seeding 
and  pasture.  The  second  stage  includes  the  picking 
up,  piling  and  burning  of  the  remaining  loose  and 
down  material.  There  remain  the  larger  stumps  and 
an  occasional  tree  or  log  which  must  be  removed  to 
put  the  land  in  suitable  shape  for  tillage. 

Burning  stumps  in  place,  top  burning  or  burning 
of  the  exposed  parts  of  the  stumps,  is  accomplished 
by  controlling  one  or  a  combination  of  the  following 
things:  preventing  radiation  of  heat,  heating  the  sup- 
ply of  air  before  it  reaches  the  fire,  or  regulating  and 
controlling  the  supply  of  air  to  the  fire.  The  amount 
of  material  burned  by  any  method  depends  upon  how 
well  these  principles  are  combined  and  the  adaptabil- 
ity of  the  method  to  field  conditions. 

Char-Pitting. — Char-pitting  stumps,  or  destroying 
stumps  by  the  methods  used  in  making  charcoal,  has 
been  very  widely  advertised.  This  method  consists 
essentially  of  excavating  just  enough  between  two 
or  more  large  roots  so  that  kindling  and  small  pieces 
or  chunks  of  wood  when  compacted  closely  in  the 
e.xcavation  will  when  ignited  heat  and  set  on  fire  the 
base  of  the  stump.  The  kindling  is  then  covered  with 
dirt,  having  first  so  arranged  the  wood  or  covered 
it  with  leaves  or  grass  as  to  prevent  the  dirt  from 
smothering  the  fire.  The  dirt  cover  is  extended  en- 
tirely over  the  kindling  after  the  coals  begin  to  form. 
The  dirt  is  kept  so  packed  and  of  such  thickness  that 
the  supply  of  air  to  the  fire  is  just  sufficient  to  sup- 
port combustion  but  not  enough  to  promote  rapid  burn- 
ing. Under  these  conditions  charring  takes  place. 
The  dirt  cover  reduces  radiation.  The  limited  supply 
of  air  prevents  heat  loss  that  would  result  from  heat- 
ing an  excessive  amount  of  air.  The  movement  of 
the  gases  is  so  slow  that  the  air  is  heated  before  it 
reaches  the  fire,  and  a  large  part  of  the  heat  in  the 
burned  gases  is  consumed  in  heating  the  burning  wood 
and  replacing  the  heat  lost  by  radiation.  The  more 
volatile  parts  of  the  wood  burn  easiest  with  least 
amount  of  air,  consequently  a  large  percentage  of  the 
charcoal  remains  if  proper  burning  is  secured. 
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Theoretically,  char-pitting  is  the  cheapest  way  to 
destroy  stumps,  but  practically  the  method  is  a  fail- 
ure, because  it  is  seldom  possible  to  burn  all  of  the 
roots  to  a  point  below  the  plow  line  and  it  is  expen- 
sive to  remove  these  unburned  roots  later.  A  stump 
is  so  massive  and  so  exposed  to  radiation  that  in 
order  to  burn  by  charring  it  must  contain  material 
like  pitch,  turpentine,  etc.,  available  at  a  low  tem- 
perature for  burning.  This  limits  the  method  to  fir 
and  a  few  other  less  common  woods  containing  suffi- 
cient volatile  material.  When  the  soil  caves  due  to 
presence  of  sand  or  gravel,  or  crumbles  under  heat 
due  to  the  vegetable  matter  in  it,  the  fire  soon  goes 
out.  Clay  soil  is  the  only  kind  which  does  not  cave, 
retains  the  heat  and  does  not  crumble.  Root  burning 
is  difficult.  The  roots  contain  less  pitch,  are  always 
wet,  and  being  smaller  are  more  closely  surrounded 
by  earth,  all  of  which  tends  to  make  the  fire  go  out. 
If  the  roots  remain  they  interfere  with  the  cultivation 
and  crop  growth  and  are  more  expensive  to  remove 
than  by  other  methods. 

Char-pitting  is  limited  practically  to  fir  stumps 
when  deep  rooted  on  clay  soil.  Even  under  these 
conditions  lack  of  understanding  and  patience  with 
the  method,  poor  attention  to  the  fires,  too  much  damp- 
ness or  too  little  pitch  in  the  stumps  mean  failure. 
The  method  has  been  so  widely  advertised  that  we 
find  few  men  experienced  in  land  clearing  who  have 
not  given  it  a  trial.  So  far  in  this  investigation  we 
have  been  unable  to  char-pit  even  fir  stumps  on  clay 
soil  with  general  success.  Usually  one  or  more  big 
roots  remain  unbui'ned  near  the  surface.  Careful 
inquiry  among  men  who  have  tried  the  char-pit  meth- 
od proves  that  this  is  the  common  experience. 

Natural  Draft  Burners. — Several  natural  draft 
burning  methods  were  tried  in  these  investigations, 
all  working  on  the  principle  of  a  stove.  These  in- 
clude the  following:  (1)  Holes  were  bored  into  the 
stumps  at  different  angles  and  positions,  such  that 
after  a  fire  was  started  it  continued  to  burn;  (2)  The 
stumps  were  cut  off  parallel  to  and  near  the  ground, 
the  tops  pried  up  and  held  a  short  distance  from  the 
bottoms  by  placing  small  rocks  between,  and  the  fire 
started  between  the  pieces;  (3)  Metal  stoves  covering 
all  or  part  of  the  stumps,  and  so  arranged  with  stacks 
that  a  draft  was  created  drawing  air  into  the  fire 
through  small  pipes  which  heated  the  air  and  directed 
it  to  where  the  burning  was  desired.  Some  of  the 
methods  gave  rapid  burning,  but  all  failed  to  destroy 
all  the  roots. 

Forced  Draft  Burners. — A  blower,  engine-operated, 
was  constructed  so  that  it  could  be  used  either  as  a 
forced  draft  or  vacuum  draft  machine.  In  one  case 
the  air  was  forced  onto  the  fire.  In  the  other  case 
the  burned  gases  were  drawn  over  a  series  of  plates, 
with  the  intake  air  passing  over  the  opposite  sides 
of  the  plates,  thus  heating  the  air  supplied  to  the  fire. 
Both  methods  gave  surprisingly  rapid  burning,  es- 
pecially when  the  fire  was  covered  to  prevent  radia- 
tion and  the  air  heated  before  it  reached  the  fire. 
When  the  crown  of  the  stump  was  burned  away  and 
\he  roots  exposed,  the  number  of  roots  so  complicated 
the  burning  that  the  time  and  labor  prohibited  the 
work. 

Summary. — The  various  methods  of  burning  stumps 
in  place  which  have  been  advocated  usually  fail  under 
Western  Washington  conditions,  because  in  the  ma- 
jority of  cases  it  is  impossible  by  these  methods  to 
burn  out  all  of  the  roots  of  the  stump  to  a  depth  that 
will  allow  deep  plowing.  It  is  easy  to  burn  out  the 
crown  of  the  stump  and  the  exposed  parts  of  the  roots. 
114) 
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The  real  problem  is  to  get  rid  of  the  roots  that  are 
buried  in  the  soil.  Usually  after  burning  all  of  the 
crown  of  the  stump  and  roots  that  can  be  burned  by 
char-pitting  or  one  of  the  other  systems  of  burning, 
the  expense  of  getting  out  the  remaining  roots  may 
be  as  great  or  greater  than  the  expense  and  effort 
necessary  to  remove  the  original  stump  by  powder  or 
machinery. 

It  is  fully  recognized  that  it  would  be  cheaper  in 
both  money  and  effort  to  burn  the  stumps  where  they 
grew  if  this  were  possible.  From  the  time  of  the 
earliest  pioneers  in  Western  Washington,  efforts  to 
accomplish  this  have  been  made.  The  methods  briefly 
described  above  are  only  a  part  of  the  many  methods 
that  have  been  tried.  The  fact  that  after  many  years' 
experience  in  land  clearing  the  majority  of  people 
put  chief  dependence  for  the  removal  of  stumps  in 
powder  and  machinery,  is  good  evidence  that  little 
success  has  been  obtained  in  burning  stumps  in  place. 


12 


Car    Gamp    Train    Used 
Housing    150  Men 


for 


The  car  type  of  camp  for  housing  workmen  has  been 
developed  to  a  high  state  of  perfection  by  the  Sno- 
qualmie  Falls  Lumber  Co.  of  SnoQualmie  Falls,  Wash. 
A  typical  car  camp  of  this  company  represents  an  ex- 
penditure of  about  $50,000  and  this  sum  does  not  in- 
clude the  cost  of  any  of  the  furnishings  in  the  cars. 
Each  camp  contains  sleeping  accommodations  for  150 
men  and  has  a  dining-room  capacity  for  180  men. 

Each  camp  consists  of  12  cars,  seven  of  which  con- 
tain the  bunks.  The  cars  are  14  ft.  wide,  60  ft.  long 
and  9  ft.  high  from  the  floor  to  the  Texas.  The  Texas 
is  4  ft.  high.     The  cars  are  tongued  and  grooved  on 


Car   Type   of  Camp   of   Snoqualmie    Lumber   Co 

the  'inside  and  painted  drab.  On  the  outside  they  are 
painted  yellow  and  trimmed  with  white. 

The  12-car  train  consists  of  a  blacksmith  and  power 
car,  which  contains  the  blacksmith  shop  and  the  elec- 
tric light  and  steam  heating  plant;  two  cars  fitted  up 
for  dining-rooms;  a  kitchen  car;  a  reading-room  and 
warehouse  car;  one  car  for  bath  rooms  and  drying 
rooms,  and  seven  bunk  cars.  The  dining  cars  and 
kitchen  car  are  15  ft.  wide  instead  of  14  ft.  All  the 
cars  are  steam  heated  and  have  hot  and  cold  water 
connections  and  electric  light. 

The  train  is  made  up  so  that  in  case  of  fire  it  can 
be  pulled  out  and  moved  down  the  road  in  less  than 
30  minutes. 


The  State  Highway  Commissioner  of  Ohio  is  call- 
ing for  bids  for  constructing  80  miles  of  State  road, 
estimated  to  cost  $1,800,000. 
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Methods  of  Underground  Survey 

For  Wilson  Avenue  Water 

Supply  Tunnel,  Chicago 

An  interesting  description  of  the  survey  methods  for 
the  Wilson  Ave.  water  supply  tunnel  of  the  city  of 
Chicago  was  given  by  Mr.  H.  W.  Clausen,  Engineer  of 
Water  Works  Construction,  in  a  paper  presented  be- 
fore the  Western  Society  of  Civil  Engineers.  The  fol- 
lowing account  of  the  methods  employed  on  the  under- 
ground survey  are  abstracted  from  Mr.  Clausen's 
paper: 

The  method  of  plumbing  the  shafts  for  transfer  of 
the  overhead  line  into  the  tunnel  was  alike  on  all  sec- 
tions of  the  tunnel. 

This  method  comprised  the  use  of  two  ordinary 
transits,  reading  to  20",  and  two  plumbing  wires  from 
6  to  10  ft.  apart,  each  carrying  a  plumb-bob  weighing 
about  10  lb. 

The  procedure  followed  in  plumbing  each  shaft  was 
to  first  carry  the  line  over  the  shaft  by  a  transit  set 
up  on  the  surface  line.  The  two  wires  (of  No.  1  piano 
wire)  were  suspended  from  the  headhouse  on  this  line 
to  the  bottom  of  the  shaft. 

The  transit  man  on  top  kept  these  line  wires  care- 
fully on  line  by  continual  observation.  All  pumps,  the 
cage,  and  all  other  work  about  the  shaft  was  stopped, 
the  engineer  below  adjusted  the  plumb-bobs  so  as  to 
allow  them  to  hang  freely  in  pails  of  oil.  The  oil  used 
was  sufficiently  thick  to  prevent  the  bobs  from  swing- 
ing widely,  and  served  to  bring  them  to  rest  more 
quickly  than  water  would  do. 

The  crew  on  top  would  signal  by  tapping  on  a  pipe 
when  the  wires  were  set  on  line.  The  crew  below,  on 
receiving  the  signal,  would  set  up  their  transit  on 
the  line  of  the  two  wires  in  the  back  drift  from  the 
cne  which  was  to  be  lined  up.  The  transits  were  close 
to  the  wires,  about  50  ft.  When  the  bobs  had  come  to 
rest  the  observer  would  carefully  shift  the  transit 
until  on  exact  line  with  the  wires,  then  set  a  point  in 
the  roof  of  the  tunnel  close  to  the  shaft  and  at 
least  one  more  point  nearer  the  face  of  the  drift.  The 
distance  between  plumbing  wires  (6  to  10  ft.)  served 
as  the  base  line  on  which  the  underground  line  was 
based. 

All  the  shafts  were  plumbed  three  or  more  times 
while  excavating  the  first  2,000  ft.  of  tunnel,  and  about 
once  for  each  2,000  ft.  beyond  that  point. 

The  later  plumbing  check  the  stability  of  the  points 
previously  set  and  also  the  accuracy  of  the  points 
carried  to  the  face  of  the  drift  from  the  original 
points. 

The  line  points  are  spuds  driven  into  wooden  plugs 
set  in  drilled  holes  in  the  roof.  These  holes  are  about 
6  in.  deep  and  2  in.  in  diameter.  A  horse-shoe  nail 
with  a  small  hole  drilled  for  the  eye  is  used  for  a 
spud. 

In  some  of  the  drifts  platforms  were  used  for  tran- 
sit work.  These  were  built  high  enough  to  allow 
trains  and  men  to  pass  freely  underneath,  and  in  this 
way  the  instrument  work  was  carried  on  without  in- 
terfering with  the  work  in  the  tunnel.  A  trivet  was 
used  on  platforms  instead  of  a  tripod.  The  transit 
was  set  up  under  the  point  in  the  roof  from  which  a 
plumb-bob  was  suspended.  Grades  were  carried  for- 
ward from  plugs  set  in  the  side  of  the  drift. 

For  centering  the  face  of  the  drift  for  drilling,  the 

line  was   usually   sighted  in  by  the  plummet  lamps. 

Sometimes  the  grade  was  carried  into    the    face    by 

using  plummet  lamps,  and  at  other  times  by  using  a 
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.straight  edge  about  10  ft.  long.  Hand-levels  were 
tried  but  found  unsatisfactory. 

Three  of  the  shafts  being  on  the  line  of  the  tunnel, 
the  surface  line  was  transferred  directly  to  the  drift. 
Two  other  shafts  were  located  away  from  the  tunnel 
line  to  which  they  were  connected  by  stub  drifts,  and 
it  was  necessary  to  turn  an  angle  the  same  as  on  the 
surface  between  the  shafts  and  tunnel  line.  This 
angle  was  checked  by  repeating  the  plumbing  opera- 
tions. 

In  the  long  drift  under  the  lake  (drift  2)  from  the 
shore  shaft,  a  novel  method  of  telephone  aid  was  used 
to  speed  up  the  work  of  checking  the  line  from  the 
shaft  to  the  heading. 

Beyond  station  14+00,  the  points  were  set  about 
1,000  ft.  apart.  Three  "sight-boxes"  were  used  for 
foresights,  and  no  backsights  were  taken.  These  sight 
boxes  were  made  to  contain  two  clusters  of  two  60- 
watt  tungsten  lamps,  connected  to  a  piece  of  exten- 
sion wire  plugged  into  a  socket  on  the  lighting  wires 
along  the  wall.  A  plumb-bob  was  suspended  from  the 
line  point  in  the  roof  between  the  clusters  and  sight- 
ing was  done  on  this  bob.  The  first  box  was  set  at  a 
point  about  1,400  ft.  from  the  shaft. 

After  setting  the  first  sight  box,  the  rodman  went 
forward  about  1,000  ft.  to  the  next  point,  ^nd  awaited 
the  observer's  signal  to  place  the  second  box. 

The  observer  and  the  rodman  each  carried  a  tele- 
phone hand  set  which  were  connected  to  the  tunnel 
telephone  wires  by  scraping  the  insulation  from  the 
wires  and  making  a  connection.  The  observer  sighted 
on  the  first  box,  and  when  he  had  the  vertical  hair  on 
the  plumb-bob,  he  would  hammer  on  the  power  air 
pipe.  The  rodman,  on  hearing  the  signal,  would  an- 
swer on  the  telephone,  and  would  then  be  directed 
on  the  telephone  to  place  the  second  sight  box  and 
bob. 

When  this  plumb-bob  was  carefully  set  on  the  line 
with  the  first  sight,  the  rodman  would  take  his  tele- 
phone and  the  third  sight  box  to  the  ne.xt  point,  about 
1,000  ft.  beyond.  The  rodman's  helper  would  return 
to  the  first  sight  box  and  remove  it  for  the  observer 
to  set  the  transit  at  that  point.  The  helper  would 
remain  and  aid  the  observer  in  setting  up  the  instru- 
ment, then  take  the  sight  box  forward  to  the  rodman. 
The  instrument  man  would  foresight  on  the  second 
box  and,  as  before,  sight  forward  to  the  rodman  and 
set  that  point.  This  operation  was  repeated  until  the 
line  was  checked  into  the  heading.  By  this  use  of  the 
telephone  much  longer  sights  were  used  and  also 
much  walking  backward  and  forward  to  receive  in- 
structions was  eliminated.  Only  the  helper  was  com- 
pelled to  double  back  on  the  trip  and  the  entire  drift 
(now  13,000  ft.  long)  was  checked  in  a  single  day. 

Measurements  were  made  with  i/4-in.  steel  tapes 
and  corrections  made  for  temperature.  Permanent 
points  were  set  on  the  triangulation  surveys  and  also 
on  the  preliminary  and  location  lines.  These  points 
were  either  copper  plugs  or  iron  bolts  set  in  the  con- 
crete walk  or  pavements  and  center  punched. 

On  Sept.  11,  1917,  the  connection  between  drifts  1 
and  2  was  made  at  a  point  14,848.8  ft.  east  of  the  Shore 
shaft. 

This  connection  was  practically  perfect  for  line  and 
only  .10  ft.  out  on  grade.  About  100  ft.  before  the 
connection  was  made,  the  tunnel  was  driven  grad- 
ually to  the  north  of  the  instrument  line,  because  the 
assistant  engineer  was  of  the  opinion  that  his  instru- 
ment line  was  a  little  south  of  the  true  line.  This 
subsequently  proved  to  be  the  case  as  the  instrument 


lines  were  actually  17  in.  apart  while  the  connection 
was  perfect. 

The  connection  between  drifts  3  and  4  was  within 
1.2  ft.  and  drifts  7  and  8  met  within  0.2  ft. 


The  Engineer  of  Today* 

How  many  engineers  are  there  in  the  United  States? 
So  far  as  I  can  determine  there  are  no  complete  fig- 
ures on  record.  There  is  no  general  or  complete  sys- 
tem of  registration  for  engineers.  The  nearest  ap- 
proach to  it  are  the  records  of  the  engineering  socie- 
ties. The  four  largest  engineering  societies  have  a 
combined  membership  of  about  30,000;  we  can  assume 
that  the  duplicates  in  their  lists  are  more  than  offset 
by  the  membership  in  smaller  organizations.  The 
number  not  enrolled  in  these  societies  must  be  a  mat- 
ter of  speculation;  certainly  the  number  not  enrolled 
is  equal  to  the  enrolled  membership,  and  from  some 
observations  that  I  have  made  I  can  conceive  that  it 
might  easily  be  twice  as  great.  Thus  with  the  regis- 
tered membership  of  30,000  as  a  basis,  the  total  num- 
ber of  engineers  in  the  United  States  may  be  estimated 
at  anything  between  60,000  and  100,000.  In  a  circular 
of  the  United  Engineering  Society  the  number  is 
placed  at  73,000.  Taking  the  larger  number  100,000 
as  the  basis  of  discussion,  there  is  one  engineer  for 
each  1,000  of  our  population,  or  one-tenth  of  1  per 
cent.  This  seems  a  small  proportion,  and  it  is  indeed 
so,  but  it  is  ever  increasing,  and  I  think  no  one  would 
attempt  to  fix  any  definite  limit  as  the  maximum  num- 
ber that  would  be  useful  among  our  people.  When  we 
consider  that  the  profession  is  little  more  than  a  cen- 
tury old,  that  100  years  ago  there  probably  were  not 
a  100  engineers  in  this  country,  these  figures  ai'e 
significant. 

While  the  proportion  to  the  total  population  is 
small,  the  distribution  is  fairly  even  throughout  the 
United  States.  Engineers  are  to  be  found  in  every 
community,  and  are  known  in  the  most  remote  dis- 
tricts. This  thorough  distribution  places  them  in  a 
position  to  leaven  the  entire  mass  of  our  population 
so  that  their  influence  can  be  made  to  be  felt  every- 
where. 

These  figures  are  useful,  not  for  their  absolute  value 
because  that  is  so  uncertain,  but  for  giving  the  im- 
pression that  the  gross  number  is  large  and  the  pro- 
portion is  small.  The  wide  and  tolerably  uniform  dis- 
tribution of  engineers  is  the  interesting  point. 

The  field  of  engineering  practice  is  so  broad  and  its 
outer  limits  merge  so  much  into  other  things,  that  it  is 
almost  impossible  to  give  it  definite  boundaries.  It 
comes  in  contact  with  and  interlocks  with  manufac- 
turing, trading,  promotion,  scientific  research,  law, 
medicine,  agriculture  and  in  fact  almost  every  form 
of  human  endeavor.  The  work  is  so  diversified  that 
it  is  difficult  to  realize  that  it  all  belongs  to  our  pro- 
fession. 

Within  itself  the  vocation  is  arbitrarily  divided  into 
four  fields,  viz.:  Civil,  Mechanical,  Electrical  and 
Mining,  to  which  might  be  added  Military  and  Marine 
Engineering.  The  division  between  these  fields  is  not 
a  straight  fence,  but  is  more  like  a  barbed  wire  en- 
tanglement, in  that  does  not  follow  a  well  defined  line; 
quite  unlike  it  in  that  there  is  no  barrier  between  the 
divisions  and  they  lap  over  and  merge  in  a  way  that 
makes  it  impossible  to  mark  a  definite  separation. 
Each  of  these  major  divisions  in  turn  is  subdivided 
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into  an  indefinite  number  of  minor  divisions,  each 
having  its  own  little  sphere  more  or  less  definitely  de- 
fined. 

With  this  great  diversity  of  occupations,  with  its 
members  scattered  broadcast,  is  it  any  wonder  that 
there  is  lack  of  unity  and  common  purpose?  The  won- 
der is  tjiat  there  is  anything  in  common. 

The  relation  of  the  engineer  to  his  work  merits  con- 
sideration. The  great  majority  of  engineers  are  em- 
ployed rather  than  retained,  meaning  by  employed 
that  his  whole  service  is  rendered  to  a  certain  em- 
ployer for  a  salary,  and  by  retained  this  his  service 
is  rendered  in  a  specific  matter  and  compensated  by  a 
fee.  The  former  is  continuous  employment  for  a 
greater  or  less  period  of  time  for  a  single  employer. 
The  latter  is  special  employment  for  a  particular  pur- 
pose and  the  practitioner  may  be  so  engaged  to  any 
number  of  employers  at  the  same  time.  Such  a  prac- 
titioner is  known  as  a  Consulting  Engineer. 

The  consulting  engineer  is  generally  conceded  to  be 
at  the  head  of  the  profession,  and  his  practice  to  be 
the  most  desirable  form  of  service.  Some  contend  that 
these  are  the  only  ones  who  are  entitled  to  be  called 
professional  engineers.  But  we  are  concerned  with 
facts  and  conditfons,  so  we  will  not  argue  about  defini- 
tions. It  seems  that  the  consulting  engineer  has 
greater  liberty  of  action  and  is  less  subject  to  the  will 
of  his  employer  than  the  salaried  man,  and  so  he  can 
do  his  work  without  bias.  To  the  extent  that  salaried 
men  are  restrained  somewhat  in  their  solution  of  the 
problems  put  before  them,  their  conclusion  warped  by 
the  wishes  of  their  employers,  and  their  development 
forced  along  certain  lines  and  retarded  along  others, 
to  this  extent  salaried  employment  is  undesirable. 
But  the  consulting  engineer  has  like  troubles  and  I 
am  not  sure  that  he  is  more  fortunately  situated  or 
entitled  to  higher  standing  than  his  salaried  brother. 

From  the  very  nature  of  the  work  to  be  done  all  can- 
not be  consulting  engineers,  not  even  a  considerable 
percentage.  The  great  number  must  be  salaried  men. 
The  consulting  engineer  if  he  does  much  work  must 
have  assistants,  perhaps  a  hundred  of  them.  The  as- 
sistant may  be  a  better  engineer  than  the  chief,  but 
there  must  exist  the  relation  of  master  and  man.  En- 
gineers seldom  work  alone  but  in  groups,  for  most 
engineering  works  are  of  such  magnitude  as  to  require 
several  men  or  of  such  character  as  to  require  men  of 
varied  qualifications.  Such  groups  are  usually  under 
the  command  of  an  engineer.  So  it  is  that  most  engi- 
neers are  employed  by,  or  work  under,  the  direction 
of  other  engineers,  a  most  desirable  relation  and  one 
that  must  have  had  much  to  do  with  the  rapid  develop- 
ment of  the  profession.  The  young  man  starts  out 
with  a  college  education,  is  employed  under  a  man  of 
experience  and  gets  the  equivalent  of  apprenticeship, 
and,  advancing,  gets  the  benefit  of  higher  grades  of 
direction  until  he  himself  becomes  the  head  of  an 
organization.  Could  there  be  a  better  system  of  de- 
velopment? As  in  all  other  lines  of  endeavor,  ad- 
vancement will  be  influenced  both  by  ability  and  by 
opportunity.  In  some  cases  promotion  will  be  un- 
merited, in  others  merit  will  be  unrewarded. 

As  in  other  callings  this  one  has  its  problem  of 
compensation.  No  need  to  worry  about  those  who  are 
well  advanced  in  the  profession.  They  can  command 
adequate  reward  for  their  services.  But  the  great 
number  of  beginners  and  men  in  the  lower  grades 
need  consideration.  Every  live  man  has  an  ambition 
to  improve  his  condition,  and  having  this  desire  he  is 
easily  and  frequently  persuaded  that  he  has  earned 
an  advance  in  salary.    There  undoubtedly  is  consider- 


able unrest  on  this  account.  I  will  not  enter  into  a 
lengthy  discussion  of  the  proper  compensation.  Suf- 
fice it  to  say  that  beginners,  college  graduates,  receive 
about  the  same  pay  as  common  laborers,  and  men  of 
10  years'  experience  about  the  same  as  unionized  me- 
chanics. Considering  the  time  and  money  cost  of  an 
education  and  the  importance  we  assume  for  this  pro- 
fession, such  compensation  does  not  seem  adequate. 

Closely  allied  to  compensation  is  continuity  of  serv- 
ice. In  both  large  and  small  organizations  there  is  a 
tendency  to  hire  and  fire  according  to  the  pressure  of 
work.  Little  effort  is  made  to  control  the  work  so  as 
to  maintain  a  uniform  force.  This  cannot  be  closely 
controlled  due  to  the  fluctuating  business  conditions 
of  the  country,  engineering  employment  being  pe- 
culiarly susceptible  to  these  fluctuations.  But  there 
is  some  possibility  of  improvement. 

Inasmuch  as  most  engineers  are  employed  by  or 
under  the  direction  of  other  engineers,  the  question 
of  pay  is  a  problem  within  the  profession  more  than 
it  is  an  issue  between  the  profession  and  the  public. 
So  on  you  employing  engineers  rests  the  responsibility 
of  its  solution. 

The  engineer  of  today  is  a  man  of  character.  Study 
if  you  will  the  enginers  whom  you  know  intimately 
and  I  believe  you  will  find  almost  without  exception 
that  their  characters  will  stand  the  closest  scrutiny, 
and  analysis.  This  is  so  not  because  they  are  made  of 
superior  clay  for  they  come  from  all  sources  and  con- 
ditions. I  believe  it  is  because  their  education  and 
the  nature  of  their  everyday  occupation  make  for  the 
building  of  strong  and  rugged  elements  of  character. 

Higher  education  in  itself  is  a  great  bu'Her  of  char- 
acter. This  can  be  conceded  without  discussion.  But 
even  more  important  is  the  effect  of  his  employment. 
He  deals  with  facts  or  with  data  which  are  as  nearly 
true  as  he  can  ascertain.  His  first  act  in  entering 
upon  any  enterprise  is  to  establish  the  truth  about  the 
attendant  conditions  and  on  this  foundation  he  fabri- 
cates his  structure.  Woe  be  to  the  engineer  who  pur- 
posely or  carelessly  distorts  the  data  on  which  he 
bases  his  work.  He  is  doomed  to  failure.  He  must 
be  honest  with  himself,  and  that  makes  him  honest 
with  his  fellow  men. 

He  deals  with  affairs  of  greater  or  less  magnitude 
and  thus  gets  breadth  of  vision  or  more  accurately  he 
is  obliged  to  see  his  problem  from  all  viewpoints, 
study  it  from  all  angles,  picture  the  result  from  front 
and  rear,  from  inside  and  outside,  from  above  and  be- 
low, see  the  structure  in  the  brilliance  of  its  newness 
and  dullness  of  its  age.  Where  most  people  are  satis- 
fied to  think  twice  he  must  think  twenty  times,  else  he 
will  miss  some  element  of  the  problem  and  reach  the 
wrong  conclusion.  Thus  the  necessities  of  the  case 
make  him  thorough. 

As  a  usual  thing,  the  engineer  is  not  an  advocate. 
He  is  more  often  an  arbiter.  His  habits  of  work  tend 
to  develop  a  judicial  mind,  for  he  must  decide  ques- 
tions of  fact,  must  weigh  relative  values,  and  must 
conclude  from  the  preponderance  of  evidence.  This 
enables  him  to  treat  all  people  fairly  whether  they  be 
clients,  employers,  employes  or  the  general  public. 
Although  not  usually  an  advocate  there  are  times 
when  he  should  be  one.  When  his  studies  have  led  to 
conclusions  that  are  unassailable  he  is  justified  in  be- 
ing an  advocate,  and  in  matters  of  public  welfare 
should  be  a  most  positive  and  persistent  advocate.  But 
in  matters  of  a  controversial  nature  and  matters  in 
the  interest  of  private  business,  the  ground  is  dan- 
gerous.    It  is  almost  out  of  the  question  for  an  engi- 
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neer  in  such  cases  to  keep  free  of  bias  and  partisan- 
ship. To  speak  plainly  he  is  tempted  to  be  dishonest. 
The  work  of  the  engineer  is  largely  of  a  public  na- 
ture. Military  work  is  directly  so,  as  also  is  the  work 
done  for  the  general  government,  the  State  and  the 
municipality.  Less  directly  so  are  public  utilities, 
railroads  and  telegraph.  Marine  work,  ship  building 
and  anything  concerned  in  foreign  commerce  are  not 
much  removed  from  public  work  or  public  utilities 
under  present  conditions.  The  construction  and  oper- 
ation of  manufacturing  plants  intimately  concern  do- 
mestic commerce  and  hence  the  public  welfare.  Min- 
ing and  the  related  industries  are  in  the  same  cate- 
gory as  manufacturers.  Surveying  of  land  affects  not 
only  the  property  surveyed  but  also  adjoining  prop- 
erty and  is,  therefore,  a  quasi  public  function.  The 
public  has  an  interest  in  everything  we  do. 

Engineering  is  a  productive  industry  which  may 
fairly  be  rated  as  being  exceeded  in  importance  only 
by  agriculture  and  perhaps  manufacturing.  To  me  it 
is  one  of  the  greatest  satisfactions  I  get  from  my  work 
to  know  that  it  contributes  something  to  the  wealth  of 
the  community  and  adds  to  the  comfort  and  con- 
venience of  people. 

Our  work  is  not  finished  and  never  will  be  so  long 
as  our  present  form  of  civilization  lasts.  There  is 
.'^till  more  of  the  same  kind  of  work  to  be  done,  and 
new  problems  to  be  solved.  Much  of  our  designing 
is  still  on  an  empirical  basis.  The  rational  solution  is 
needed.  Much  of  our  construction  is  still  experi- 
mental and  must  be  studied  and  improved  by  experi- 
ence. Some  day  our  coal  will  be  gone  and  our  oil  ex- 
hausted, then  we  must  harness  the  wind  and  the  heat 
of  the  sun.  When  the  copper  supply  runs  low  it  may 
be  necessary  to  train  the  electricity  to  jump  from 
station  to  station.  We  now  purify  our  water  supplies 
— soon  we  may  need  to  purify  the  air  in  congested 
centers.  The  impatient  people  are  demanding  quicker 
transportation  between  residence  and  business.  We 
cannot  forsee  what  the  future  has  in  store.  It  may 
give  new  things  quite  as  remarkable  as  those  of  the 
past. 

Let  us  take  a  look  at  the  engineer  in  his  home  town. 
We  see  a  law  abiding  citizen,  modest,  a  man  of  high 
character,  too  reticent  of  his  doings,  lax  in  public 
affairs.  He  has  the  standing  of  the  average  citizen. 
His  neighbors  know  he  is  an  engineer,  but  have  little 
conception  of  what  he  really  does.  There  may  be  an- 
other of  his  kind  a  few  blocks  away. 

His  standing  in  his  community  can  be  what  he 
chooses  to  make  it.  He  has  the  foundation  and  the 
qualities  of  leadership  and  can  be  a  leader  if  he 
chooses  to  be.  He  needs  publicity.  His  neighbors 
should  know  what  he  does  and,  more  important,  what 
he  is  capable  of  doing.  If  his  talents  are  not  de- 
manded in  public  affairs,  he  should  volunteer  them. 

The  public,  through  its  schools  and  colleges,  has 
made  the  engineer  a  superior  man.  By  this  means  the 
public  acknowledges  his  importance  to  the  body  politic 
and  by  thus  educating,  places  him  under  obligations 
to  his  state  and  to  his  country.  He  is  a  public  char- 
acter who  has  been  educated  at  public  expense  and  his 
work  is  of  such  a  nature  that  the  results  of  it  have  an 
influence  on  public  welfare.  With  all  this  goes  great 
responsibility,  particularly  in  view  of  the  fact  that  his 
own  developments  are  responsible  for  so  many  of  the 
public  problems.  It  may  be  argued  that  his  responsi- 
bility ceases  with  the  performing  of  the  particular 
things  that  he  has  been  educated  and  trained  to  do — 
that  he  has  no  public  responsibility  outside  of  the 
practice  of  his  vocation.    Under  certain  circumstances 


an  engineer  might  fulfill  all  his  responsibilities  by  the 
practice  of  his  vocation,  but  in  most  cases  this  is  not 
so,  for  his  practice  is  designed  primarily  to  contribute 
to  his  own  benefit.  Comparatively  a  small  part  of  the 
work  which  he  does  is  done  for  the  general  good  with- 
out direct  compensation  therefor.  However,  there  are 
many  exceptions  to  this,  and  a  great  many  people  are 
serving  the  public  freely  in  a  professional  way  in  ad- 
dition to  the  regular  pursuit  of  the  vocation. 

This  return  service  to  the  public  or  to  the  state,  need 
not  be  in  the  line  of  his  profession  or  vocation — it  may 
take  any  form.  It  may  be  in  the  form  of  charity — it 
may  be  in  the  form  of  social  service — it  may  be  in 
every-day  politics — it  may  be  in  volunteer  work  on 
public  committees  or  commissions.  It  may  be  even 
the  apparently  small  service  of  co-operating  with  his 
neighbors  in  any  movement  for  betterment  of  local 
conditions.  A  great  many  men  are  giving  such  public 
service — perhaps  only  in  a  small  degree,  but  in  some 
degree.  It  seems  indisputable  that  every  engineer 
owes  service  of  this  kind  in  compensation  for  his 
education  and  as  a  direct  responsibility  in  connection 
with  his  work,  for  I  believe  responsibility  is  measured 
by  one's  ability  to  do  and  that  it  cannot  be  equally  di- 
vided among  all  people.  Those  of  meager  attainments 
and  small  capacity  cannot  be  called  upon  to  assume 
the  same  responsibilities  that  must  be  shouldered  by 
men  of  great  attainments  and  great  ability. 


Breaking  Up  Hard  Pan  in  Creek  Bottom 
With  Dynamite 

In  securing  gravel  from  the  bed  of  a  creek  near 
Hazelwood,  Ind.,  by  means  of  a  heavy  drag  chain  with 
buckets  attached,  a  layer  of  hardpan  was  struck  at 
a  depth  of  about  6  ft.  The  buckets  frequently  jammed 
in  this  hardpan  and  stopped  operations  until  they 
could  be  loosened.  The  hardpan  was  about  18  in. 
thick  and  was  underlaid  by  good  gravel,  but  as  the 
buckets  would  not  penetrate  it,  only  the  gravel  above 
was  being  used.  Finally  the  chain  and  bucket  became 
jammed  in  the  hardpan  about  6  ft.  under  water.  To 
loosen  the  arrangement  Red  Cross  dynamite  was  used 
to  make  up  several  one-cartridge  primers  with  a  cap, 
and  about  a  foot  of  fuse  for  each  cartridge.  These 
were  lighted  and  dropped  into  the  water  at  10-ft.  in- 
tervals along  the  chain,  while  at  the  two  ends,  where 
the  hardpan  seemed  to  be  the  strongest,  two  cart- 
ridges tied  together  were  used.  The  machinery  was 
Then  started  up,  and  the  chain  was  found  to  be  free, 
the  buckets  coming  up  full.  The  blasting  had  not 
only  loosened  the  chain  and  buckets,  but  had  broken 
up  the  hardpan  and  loosened  the  gravel,  so  that  every 
bucket  worked  to  capacity.  During  a  timed  4-hour 
run  immediately  after  the  blasting,  40  cu.  yd.  more  of 
gravel  were  excavated  than  had  ever  been  done  in  a 
similar  period  before. 


The  Western  Pacific  R.  R.  has  awarded  a  contract 
for  constructing  23^.2  miles  of  line  from  Niles  to  San 
Jose,  Cal.  The  Utah  Construction  Co.,  Ogden,  Utah, 
secured  the  work  at  about  $800,000.  Another  fair 
sized  railroad  job  let  in  the  last  few  days  calls  for 
track  elevation  work  in  Dallas,  Tex.,  for  the  Missouri, 
Kansas  &  Texas  R.  R.  The  contract  amounts  to  ap- 
proximately $400,000. 


Corsicana,  Tex.,  at  an  election  Dec.  11  adopted  the 
Commission  form  of  city  government.  Rahway,  N. 
J.,  also  adopted  this  form  of  municipal  government 
at  an  election  last  week. 
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Transporting  Pile  Driving  Outfit  by  Motor    Proposed  Specifications  for  Air  Line  Hose 


Trucks 

A  complete  pile-driving  outfit  was  moved  recently 
a  distance  of  25  miles  in  18  hours  by  means  of  motor 
trucks  and  trailers.  The  Emergency  Fleet  Corpora- 
tion had  commandeered  the  plant  of  a  large  ship- 
building company  on  the  Atlantic  Coast.  Extensions 
to  the  plant  for  the  purpose  of  increasing  production 
included  new  shipways  supported  on  large  concrete 
piles.  The  Raymond  Concrete  Pile  Co.  was  awarded 
the  contract  for  driving  the  piles  on  condition  that  it 


Method    of    Carrying    Pile    Driving    Tower 


Truck    and    Trailer 


would  begin  work  within  2  days.  The  contractor's 
nearest  pile-driving  equipment  was  in  the  League 
Island  Navy  Yard,  25  miles  distant  from  the  new 
work.  Railroad  facilities  were  not  available.  Ac- 
cordingly the  entire  outfit,  consisting  of  the  tower, 
turntable  and  bed  sills,  boilers,  engines  and  additional 
equipment  were  hauled  by  motor  trucks  at  a  consid- 
erable saving  in  time  and  money.  The  hauling  was 
done  with  White  trucks  owned  by  Stedman  Bent  of 
Philadelphia. 


Flexible  and  Expansion  Joint  For  Pipe 
Lines 

A  flexible  joint  that  obviates  many  of  the  difficulties 
encountered  in  the  installation  and  maintenance  of 
pipe  lines  has  been  placed  on  the  market  by  the  Iron- 
Clad  Joint  Co.,  Godchaux  Bldg.,  New  Orleans,  La.  The 
joint  has  five  actions:  A  ball  joint  action;  expansion 
joint  action;  flexible  action  to  take  up  vibrations;  suc- 
tion and  discharge.  It  is  claimed  to  be  especially 
adapted  for  all  hydraulic  or  air  lines  that  have  to  be 


Sectional   View   of   Berry   Flexible   Joint. 

moved  frequently.  It  is  being  used  for  connections  to 
centrifugal  pumps  on  temporary  construction ;  for 
steam  lines  on  dipper  dredge  boats,  steam  shovels  and 
other  similar  machinery  where  there  is  considerable 
vibration  and  strain  and  for  connections  on  pontoon 
dredge  pipe  lines.  On  the  last  mentioned  installation 
it  is  stated  that  the  joint  will  take  every  action  caused 
by  the  waves. 


for  PneumaticTools 

At  the  last  annual  meeting  of  the  American  Societ- 
for  Testing  Material  a  committee  report  was  submit- 
ted containing  tentative  specifications  for  air  line 
hose  for  pneumatic  tools.  The  specifications  cover 
wrapped  air  line  hose  suitable  for  air  tools  working 
at  not  more  than  125  lb.  pressure  and  for  vacuum  out- 
fits.    Extracts  from  the  specifications  follow: 

The  hose  shall  consist  of:  (a)  An  inner  rubber 
tube;  (b)  cotton  reinforcement;  (c)  an  outer  rubber 
cover;  (d)  when  specified,  an  extra  covering  of  cot- 
ton wire. 

The  rubber  tube  shall  be  smooth,  uniform  in  qual- 
ity and  thickness,  and  free  from  injurious  defects. 

The  reinforcement  shall  consist  of  cotton  canvas 
plies  made  from  duck  evenly  and  firmly  woven  from 
good  cotton,  as  free  from  unsightly  defects,  dirt,  lumps, 
knots  and  irregularities  of  twist  as  is  consistent  with 
the  best  manufacturing  practice.  It  shall  be  well 
frictioned  on  both  sides  with  a  rubber  compound  suit- 
able for  the  required  service.  The  plies  shall  be  laid 
on  the  bias  and  be  sufficiently  strong  to  enable  the 
hose  to  successfully  withstand  the  hydrostatic  pres- 
sure test;  yet  at  the  same  time  be  soft  and  pliable. 

The  rubber  cover  shall  be  uniform  in  quality  and 
thickness  and  be  free  from  injurious  defects. 

When  specified,  the  hose  shall  be  given  an  extra 
covering  of  one  of  the  following,  as  specified:  (a)  An 
armor  of  half-round  wire  7  32  by  5/64  in.  spaced  Vi 
in.  part;   (b)  canvas;   (c)  cotton  braid. 

Unless  otherwise  specified,  the  hose  shall  be  fur- 
nished in  50-ft.  lengths.  The  ends  of  each  length 
shall  be  uncapped  and  without  fittings. 

The  minimum  tube  and  cover  thickness  shall  be  as 
follows : 


1/16 
1/16 
1/16 
3/32 
3/32 
3/32 


in. 
3/64 
3/64 
3/64 
1/16 
1/16 
1/16 


News  Letter 

St.  Louis  Items. 

Jos.  H.  Vorst  of  St.  Genevieve.  Mo.,  was  awarded  the  contract 
for  building  new  levee  in  St.  Genevieve  County.  Mo.  There  is 
approximately  116,000  yards  of  earth  to  be  moved  in  this  job. 

W.  A.  Gierke  secured  another  piece  of  work  from  the  Bur- 
lington R.  R.  near  Boulder,  III. 

L.  J.  Smith  and  P.  J.  Hannan  returned  from  Dawson  Springs. 
Ky.  Their  work  on  the  I.  C.  R.  R.  at  that  point  is  getting 
along    nicely. 

"Big"  Riley  of  Clapp.  Norstrom  &  Riley,  was  with  us  several 
days.  Riley  did  a  good  business  and  some  entertaining  during 
his    stay. 

Keating  Bros,  report  that  they  have  enough  work  for  their 
outfit  on  the  Chicago  &  Illinois  Midland  R.  R.  to  keep  them  busy 
until   the  early  part  of  next  summer. 

J.  L.  Beecher  of  the  Beecher  Improvement  Co..  St.  Paul,  Minn., 
disposed  of  20  mules  at  the  National  Stock  Yards  here.  Beecher 
says  he  can't  work  mules  to  advantages  up  in  his  country. 

Mulvill  Bros,  of  Alton,  111.,  were  awarded  contract  for  build- 
ing the  new  yards  on  the  Chicago  &  Alton  R.  R.  for  the  coal 
mines  recently  bought  by  the  Standard  Oil  Co.  at  Carlinville. 
They  have  a  couple  of  jobs  in  Missouri  on  the  C.  &  A.  R.  R. 
that  are  suitable   for  small   team   outfits   to  sublet. 

J.  J.  Wuellner  &  Son,  Oak  and  Front  Sts.,  Alton,  III.,  want  a 
few  teams  on   city  work  there. 

John  Marsch  secured  contract  for  building  the  reservoir  near 
Sawyerville.   111. 

McMillan  Contracting  Co.  have  temporarily  suspended  work 
on  their  Northwestern  job  near  Benld,  111.,  on  account  of  cold 
weather.      They  will   resume  as  soon  as  weather  moderates. 

Scott  Mitchell  of  the  L..  J.  Smith  Construction  Co..  who  broke 
his  collar  bone  some  time  ago.  is  up  and  around  again.  Sco*t 
is  down  at  Dawson  Springs,  Ky.,  at  the  present  time  looking 
after  their  I.   C.  work. 

Dave  Griffith  is  batching  on  his  10.000  acre  farm  near  Wal- 
lace. Kan.  Dave  is  chief  batcher  and  Leftv  Snvder,  his  old 
stable  boss,  is  assistant.  His  friend  McMurrav  informed  the 
writer  in  Kansas  City  the  other  dav  that  while"  Dave  was  not 
making  any  money  in  the  contracting  business  just  now  (on 
account  of  having  no  contracts)  he  had  plenty  to  eat  and  drink 
in    his    bachelor   quarters   for   the   rest   of   the   winter.      What   he 
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had  to  drink  McMurray  did  not  state,  but  we  suppose  Daves 
friends  will  know. 

J.  W.  McMurrav  Contracting  Co.,  Kansas  City,  Mo.,  is  doing 
the  bridge  work  on  the  new  85-mile  extension  of  the  Santa  Fe 
R.  R.  out  of  Shattuc.  Okla. ;  also  on  the  35  miles  of  the  new 
Santa  Fe  line  out  of  HoUyrood,  Kan.  In  addition  to  this  they 
have  a  half  a  dozen  concrete  jobs  on  the  Missouri,  Kansas  & 
Texas  R.  R.  in  Kansas  and  Oklahoma. 

R.  T.  Amis  is  building  a  reservoir  for  the  Missouri.  Kansas 
&  Texas  R.  R.  at  McAllister,  Okla.  Also  has  a  team  job  from  the 
L,.  J.  Smith  Consfruction  Co.  on  this  road  at  Parsons,  Kan. 

A.  A.  Luck  is  building  a  double  track  for  the  Santa  Fe  R.  R. 
at  Turner.  Kan.  ;  also  lias  a  team  outfit  at  work  at  Peoria,  111., 
on  the  Burlington  R.  R. 

Wood,  Bancroft  &  Doty  have  taken  quite  a  slice  of  Maney 
Bros.'  work  on  the  Santa  Fe  R.  R.  at  Pawhuska,  Okla.  L.  Viall 
is   in   charge  of   their   shovel   at   this  place. 

T.  L.  Campbell  has  finished  7  miles  of  the  Santa  Fe  work 
that  he  had  from  John  Scott  &  Sons  at  Hollyrood.  Kan.,  and 
moved  this  outfit  on  to  a  drainage  job  at  Belleville,  Kan.  Camp- 
bell also  has  a  small  coal  stripping  job  at  Worland.   Mo. 

Clark  &  Jackson  have  finished  their  station  work  on  the  U.  P. 
at  Ft.  Rilev.  Kan.,  and  are  in  the  market  for  more  of  this  kind 
of  work.  Write  them  at  Mound  City,  Kan.,  or  care  of  Koenig's 
Labor  Agency,   Kansas  City,   Mo. 

Al.  Gillen  fell  and  broke  his  arm  the  other  day. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig's  Labor  Agency.  612  Walnut  St.,  St.  Louis,  Mo.,  or 
503    Delaware   St.,   Kansas  City,   Mo. 

Thos.  L.  Ro.sser.  Jr..  is  making  things  hum  on  his  I.  C.  R.  R. 
work  near  Dawson  Springs.  Ky.  A.  B.  KOENIG. 


Personals 


W.  H.  Rupert  has  been  appointed  Superintendent  of  Streets  at 
Lorain.  O. 

Edwards  Pendleton  has  been  appointed  Superintendent  of 
Highways  of  Chenango  County.  New  York. 

W.  M.  Carter  has  been  appointed  City  Surveyor  of  Woodbury, 
N.  J.,  succeeding  his  son,  who  resigned  to  enter  the  23rd  Engi- 
neers  Regiment. 

F.  G.  Whaley,  formerly  City  Engineer  of  Chehalis.  Wash., 
has  been  appointed  examiner  for  the  state  bureau  of  inspection 
and    supervision    of   public   offices. 

A.  E.  Hutchinson  has  resigned  as  City  Engineer  of  Albu- 
querque, N.  Mex.,  and  has  accepted  a  position  as  Superintendent 
of  Construction  for  the  Federal  Government. 

William  A.  Pillans.  assistant  to  the  Engineer  of  Maintenance 
of  Way  of  the  Lorain.  Ashland  &  Southern  R.  R.,  has  been 
appointed  director  of  Public  Service  of  Lorain,  O. 

Paul  Latchem  has  been  reappointed  City  Engineer  of  Hunting- 
ton, Ind.  John  P.  Bailey  has  been  appointed  Street  Commissioner 
and  Henry  Grupe  Superintendent  of  Water  Works. 

F.  B.  Moore  has  resigned  as  Superintendent  of  the  municipal 
electric  light  plant  and  water  works  of  Eaton  Rapids,  Mich., 
and  has  accepted  a  position  with  the  General  Electric  Co. 

Nathaniel  S.  Chase  and  Myron  P.  Howland  have  entered  into  a 
partnership  and  will  carry  on  a  practice  as  industrial  and  mill 
engineers    and    architects,    with    offices    at    New'    Bedford.    Mass. 

George  L.  Smith,  erecting  engineer  for  the  Fort  Wayne  Elec- 
tric Works,  has  been  appointed  superintendent  of  the  water 
works  and  the  electric  light  and  power  departments  of  Fort 
Wayne,  Ind.     He  will  assume  his  new  duties  on  Jan.  7. 

Fred  C.  Whaley,  for  the  past  four  years  city  engineer  and 
■water  works  superintendent  of  Chehalis,  Wash.,  has  resigned  to 
fvccept  a  position  as  engineer  in  connection  with  the  public 
utility  work  of  the  state  department  of  examination  under  the 
state  auditor. 

Charles  A.  Wright  and  E.  C.  Morgan,  architect,  formerly  of 
Kansas  City,  Mo.,  have  formed  a  partnership  for  the  purpose  of 
.specializing  in  Indian  Pueblo  architecture,  landscape  gardening 
and  interior  designing.  OfBces  have  been  opened  in  the  Wright 
building,    Albuquerque,    N.    Mex. 

Maury  Nicholson,  assistant  city  engineer  of  Birmingham,  Ala., 
will  sever  his  connection  with  the  municipality  Jan.  1  to  become 
engineer  in  charge  of  municipal  construction  for  the  Chickasaw 
Shipbuilding  Co.,  a  subsidiary  of  the  United  States  Steel  Corpora- 
tion, which  is  building  a  large  shipbuilding  plant  at  Mobile. 

Robert  A.  Meeker  has  resigned  his  position  as  state  highway 
engineer  of  New  Jersey  and  will  be  succeeded  by  William  G. 
Thompson,  who  has  been  assistant  state  highway  engineer  since 
last  April.  Edward  C.  Reed,  heretofore  division  engineer  in  the 
department,  succeeds  Mr.  Thompson  as  assistant  state  highway 
engineer. 

R.  C.  Stevens  has  been  elected  president  of  the  Engineers' 
Society  of  Northwestern  Pennsylvania.  The  other  officers  are : 
Armin  Schotte,  first  vice  president ;  F.  S.  Newhard.  second  vice 
president ;  M.  C.  Emanuel,  secretary  :  W.  H.  Reynolds,  treasurer  ; 
C.  H.  Schum.  director  for  two-year  term. 

Coleman  B.  Mark,  for  the  past  8  years  a  member  of  the  engi- 
neering department  of  the  State  Health  Department  of  Pennsyl- 
vania, has  received  a  commission  as  first  lieutenant  in  the  United 
States  National  Army,  and  has  been  assigned  to  the  Sanitary 
Corps,   76th   Division  Headquarters,  Camp  Devens.  Ayer,  Mass. 

Henry  W.  Hayman.  of  London,  Ont.,  has  been  elected  presi- 
dent of  the  Mason  Contractors'  Association  of  the  United  States 
and  Canada.  Mr.  Hayman.  who  has  held  the  office  of  first  vice- 
president,  succeeds  W.  S.  Pelton  of  Buffalo,  N.  Y.  Walter  W. 
Wise,  an  Indianapolis  contractor,  was  elected  first  vice-president; 
George  Moore,  of  Detroit.  Mich.,  was  elected  second  vice-presi- 
dent, and  L.  A.  Griffin,  of  Cleveland,  was  re-elected  secretary- 
treasurer. 

Fred  C.  Carstarphen  has  been  elected  president  of  the  Engi- 
neers' Club  of  Trenton,  N.  J.  Alfred  P.  S.  Bellis  was  chosen 
second    vice    president ;    Joseph    E.    English,    secretary,    and    John 

E.  Elliott,  treasurer.  Charles  R.  Fairchild,  second  vice  president 
last  year,  automatically  advanced  to  the  first  vice  presidency. 
The  new  Board  of  Governors  is  made  up  of  State  Comptroller 
Newton  A.  K.  Bugbee.  Frederick  W.  Bechtel.  Alfred  C.  Gregory, 
J.  Osborne  Hunt,  Edward  E.  Reed.  John  W.  Thompson  and  Frank 

F.  Frederick. 

John  R.  E.  Turpin  has  been  appointed  roads  engineer  of 
i.Jueen  Anne  County.  Maryland,  to  succeed  Frederick  E.  Schnepfe. 
i.'ho  recently  resigned  to  accept  a  position  with  the  Portland 
Cement  Association.  Mr.  Turpin  was  formerly  employed  as  a  civil 
►  ngineer  for  a  number  of  western  railroads,  but  the  last  few  years 
lie  has  devoted  to  farming  and  dairying  on  his  farm.     Engineer 


Schnepfe  was  the  first  appointee  under  the  law  creating  the  office 
f'f  roads  engineer  in  Queen  Anne  County  and  was  serving  a  sec- 
f.nd  si.x-year  term. 

Leonard  S.  Cairns,  assistant  general  manager  of  the  Manila 
Electric  Railroad  &  Light  Co.,  Manila.  P.  I.,  lias  been  appointed 
general  manager  of  the  Eastern  Pennsylvania  Railways  Co., 
Pottsville,  Pa.,  by  the  J.  G.  Wliite  Management  Corporation.  New 
York  City,  the  operating  managers  of  both  companies.  Mr. 
Cairns  has  arrived  in  the  United  States  and  has  assumed  the 
duties  of  his  new  position.  He  succeeds  L.  H.  Palmer,  who 
lately  became  assistant  to  the  president  of  the  United  Railways 
&  Electric  Co.,  Baltimore.  Md..  as  recently  announced  in  these 
columns.  Mr.  Cairns,  upon  leaving  high  school,  entered  the 
employ  of  the  Twin  City  Rapid  Transit  Co.,  Minneapolis.  Minn., 
and,  after  several  promotions,  was  made  general  superintendent 
of  that  company.  In  1912  he  was  employed  by  the  J.  G.  White 
Management  Corporation  to  fill  the  position  of  assistant  general 
manager  of  the  Manilla  Electric  Railroad  &  Light  Co. 

Charles  T.  Main,  consulting  engineer,  of  Boston,  has  been 
►elected  president  of  the  American  Society  of  Mechanical  Engi- 
'leors.  Mr.  Main  was  born  in  Marblehead,  Mass.,  in  1S56  and 
was  educated  at  the  Massachusetts  Institute  of  Technology,  from 
^.hich  he  was  graduated  in  1876.  Three  years  later,  after  con- 
tinuous service  in  the  institute  as  assistant  in  the  department 
*'f  mechanical  engineering,  he  became  a  draftsman  at  the 
^lanchester  Mills.  ^lanchester,  N.  H..  leaving  this  concern  in 
1881  to  enter  the  employment  of  the  Lower  Pacific  Mills,  Law- 
rence, Mass.,  where  for  eleven  years  he  acted  in  the  respective 
':apacities  of  engineer,  assistant  superintendent  and  superintend- 
t^nt.  Since  1892  he  has  practiced  as  a  consulting  engineer,  with 
offices  in  Boston,  until  1907  being  associated  with  F.  W.  Dean  in 
the  firm  of  Dean  &  Main.  Mr.  Main  has  designed  and  supervised 
the  construction  of  numerous  industrial,  steam  power  and  water 
power  plants,  among  his  largest  undertaking  being  the  Wood 
Worsted  and  Ayer  Mills  in  Lawrence,  Mass.,  and  four  hydro- 
Mectric  developments  for  the  Montana  Power  Co..  aggregating 
about  280,000  horsepovi-er.  Mr.  Main  became  a  member  of  the 
.<imerican  Society  of  Mechanical  Engineers  in  1885  and  has  served 
t.n  its  board  of  managers  for  the  past  three  years.  He  is  also 
a  member  of  the  American  Society  of  Civil  Engineers  and  a 
number  of  other  engineering  and  technical  societies. 


Obituaries 

H.  D.  Langworthv.  Jr..  for  the  past  6  years  superintendent  of 
the  Water  Department  of  Macon,  Ga.,  died  Dec.  11  at  Ijis  home 
in   that  city. 

Robert  J.  Graham,  72  years  old.  a  pioneer  building  contractor 
and  banker  of  Pittsburgh.  Pa.,  died  suddenly  Dec.  11  on  a 
Brighton  road  car.  near  his  home. 

Thomas  A.  Cashin.  superintendent  of  the  San  Francisco 
Municipal  Street  Railways,  died  last  week.  Prior  to  his  employ- 
ment by  the  city  he  was  superintendent  of  the  Fresno  Traction 
Co..  and  before  that  had  been  assistant  engineer  of  way  con- 
struction  for  the  United  Railroads. 

Joseph  Morgan,  Jr..  for  years  chief  draftsman  of  the  Phoenix 
Iron  Co..  Phoenixville.  and  chief  engineer  of  the  Edgmoor  Iron 
Co..  died  at  Johnstown.  Pa..  Dee.  9.  As  consulting  engineer  of 
the  Cambrai  Steel  Co.  and  as  a  member  of  mechanical  and  mining 
societies  and  the  United  States  Naval  Institute,  he  was  widely 
known. 

Clarence  W.  Ide.  a  pioneer  contractor  of  the  State  of  Wash- 
ington, who  served  during  his  life  in  the  position  of  state  super- 
visor of  public  money,  state  representative,  state  senator.  United 
.States  marshal  for  Washington,  collector  of  customs  for  the 
Puget  Sound  district  and  superintendent  of  the  King  county 
court  house,  died  at  Seattle  Oct.  9,  aged  57  years. 

James  H.  McShane.  a  pioneer  contractor  of  Omaha,  Neb.. 
died  Dec.  9  at  his  home  in  Omaha.  He  was  born  in  Springfield. 
O.,  in  1841.  He  was  engaged  in  the  construction  of  the  Pacific 
telegraph  line  from  Omaha  to  Salt  Lake.  In  186-!  he  struck 
out  from  the  Overland  trail  and  conducted  a  freight  caravan  to 
Virginia  City,  then  the  first  and  liveliest  of  the  mining  camps  of 
Montana.  Here  he  made  his  headquarters  for  three  years  and 
built  under  contract  the  telegraph  line  from  Helena  through 
Virginia  City  to  Salt  Lake  City.  From  this  work  he  turned  to 
railroad  construction  and  became  one  of  the  contractors  of  the 
Union    Pacific. 
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Industrial  Notes 

The  Sullivan  Machinery  Co.  has  moved  its  Salt  Lake  City, 
Utah,  offices  from  the  Kearns  Bldg..  to  Room  1606  Walker  Bank 
Bldg.     Burt  B.   Brewster  is  manager  of  the  office. 

Blaw-Knox  Co..  Pittsburgh.  Pa.,  has  closed  its  Philadelphia 
office  for  the  present  and  Mr.  Pulis.  who  had  been  in  charge,  has 
been  transferred  to  the  .San  Francisco  office  to  take  the  place 
of  Mr.  Burrows,  who  is  going  tinto  the  service  of  the  gov- 
ernment. 

B.  F.  Affleck.  Chicago,  was  re-elected  president  of  the  Port- 
land Cement  Association  at  its  annual  meeting  at  the  Hotel 
Biltmore.  New  York,  Dec.  12.  Mr.  Affleck  is  president  of  the  Uni- 
versal Portland  Cement  Co.  F.  W.  Kelley.  president  Helderberg 
Cement  Co..  Albany,  N.  Y.,  was  elected  first  vice  president,  and 
Richard  Hardy,  president  Dixie  Portland  Cement  Co..  Chat- 
tanooga, second  vice  president.  G.  S.  Brown,  president  Alpha 
Portland  Cement  Co.,  Easton.  Pa.,  was  elected  treasurer.  The 
Portland  Cement  Association  has  turned  its  activities  largely  to 
the  promotion  of  permanent  roads  in  line  with  the  desire  of  the 
Council  of  National  Defense  that  through  routes  be  quickly  devel- 
oped to  supplement  the  railways,  especially  tor  short-haul  traffic. 

J.  C.  Bannister  has  been  made  a  vice  president  of  the  Wal- 
worth Mfg.  Co.  of  Boston,  Mass.,  manufacturers  of  iron  pipe 
fittings,  valves.  Stillson  wrenches,  etc.  Mr.  Bannister  has  been 
connected  with  the  manufacture  of  this  type  of  product  for  26 
>'ears.  starting  as  foreman  of  the  tapping  department  of  Haxtun 
Steam  Heater  Co.  at  Kewanee  in  1891.  He  advanced  successively 
to  superintendent  of  pipe  finishing  mill,  and  chief  engineer.  For 
three  years  superintendent  of  Kewanee  Boiler  Co.  When  National 
Tube  Co.  took  over  the  operation  of  Kewanee  plant  Mr.  Bannister 
was  made  manager  of  Kewanee  works.  Walworth  Mfg.  Co. 
purchased  the  Kewanee  works  in  August,  1917,  and  Mr.  Bannis- 
ter has  now  been  made  a  vice  president  of  that  company, 
although  his  headquarters  will  still  be  at  Kewanee.  111.,  and  lio 
change  in  the  management  there  is  at  present  contemplated. 
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Should  Only  the  Best  Engineering 

Students  Be  Exempted 

from  Draft? 

Engineering  and  Contracting  was  the  first  to  urge 
e.xemption  of  engineering  students  from  draft.  Other 
engineering  periodicals  were  not  slow  in  taking  the 
.same  position,  and  finally  the  Society  for  the  Promo- 
tion of  Engineering  Education  joined  in  the  move- 
ment for  engineering  student  exemption.  On  Dec.  8 
the  Secretary  of  War  issued  an  order  under  which  the 
Chief  of  Engineers  was  empowered  to  prescribe  the 
conditions  under  which  a  portion  of  the  engineering 
student  body  may  be  exempted.  The  following  is  the 
exemption  certificate  to  be  signed  by  the  president  of 
ihe  college: 

I    hereby   certify    that    is   a    regular   student    of    the 

class  in  good  standing,  as  a  candidate  for  an  engineer- 
ing riegree  at    and  that  in  the  judgment  of  the  faculty 

of  this  school,  based  upon  his  academic  record,  supplemented  by 
his  relations  with  fellow  students  and  by  observation  of  his  in- 
structors, be  may  fairly  be 'regarded  as  deserving  a  place  in  the 
tlrst  third  tiualitatively  of  the  young  men  graduating  from  this 
institution  during  the  past  ten  years. 

It  will  be  seen  that  to  secure  exemption  a  student 
must  have  a  scholastic  standing  that  would  put  him 
among  the  upper  third  of  the  average  class  for  the 
10  years  preceding. 

While  it  is  gratifying  to  record  this  recognition  of 
the  importance  of  exempting  some  engineering  stu- 
dents from  war  service,  we  feel  that  it  was  a  serious 
mistake  to  have  limited  the  exemption  to  "the  upper 
third." 

Every  engineering  college  has  its  own  standards  of 
scholarships,  and  nearly  all  of  them  are  so  severe  in 
their  requirements  that  both  loafers  and  incompetents 
are  speedily  weeded  out.  Why,  then,  should  two-thirds 
of  the  men  who  are  regarded  by  their  instructors  as 
competent  be  now  weeded  out  and  forced  to  enter  the 
army?  Is  it  because  the  country  will  need  only  one- 
third  the  number  of  engineers  graduated  in  normal 
times?  Merely  to  put  this  question  is  almost  sufl^cient 
to  show  the  lack  of  wisdom  in  providing  for  an  exemp- 
tion of  "the  upper  third"  only. 


We  trust  that  the  American  Society  for  the  Promo- 
tion of  Engineering  Education,  aided  by  the  great  na- 
tional engineering  societies,  will  continue  the  fight  to 
secure  exemption  for  all  engineering  students.  As  we 
understand  it,  all  medical  students  are  exempt;  and 
it  needs  only  an  educational  campaign  to  make  it  per- 
fectly clear  that  the  same  reasoning  that  leads  to  the 
exemption  of  all  student  doctors  should  lead  to  the  ex- 
emption of  all  student  engineers. 


An    Opportunity    for    Structural 

Engineers  and    Contractors : 

Building  Industrial  Villages 

When  manufacturers  publish  handsome  catalogs 
-showing  the  homes  that  they  provide  for  their  work- 
men and  use  these  catalogs  to  attract  the  better 
classes  of  workmen  to  their  factories,  it  is  safe  to 
announce  that  we  have  entered  on  a  new  industrial 
era — the  era  of  "the  wage-earner  be  pleased." 

The  Connecticut  Mills  of  Danielson,  Conn.,  has 
just  issued  such  a  catalog,  entitled  "The  Village  Beau- 
tiful." On  its  cover  we  read:  "Take  Your  Choice: 
Home  or  Hovel.  It  costs  the  same.  Better  wages, 
better  homes  at  Danielson,  Conn."  The  booklet  shows 
photographs  of  the  houses,  no  two  of  which  are  alike, 
and  tells  how  each  workman  can  buy  a  home  on  the 
installment  plan. 

The  Danielson  Construction  Co.  built  "The  Village 
Beautiful."  In  our  last  Building  and  Structural 
Monthly  issue  we  described  the  building  of  several 
other  industrial  villages  for  workmen,  among  them 
being  one  for  the  Goodyear  Cotton  Mills,  built  by  the 
Aberthaw  Construction  Co.  of  Boston,  and  one  for 
the  Youngstown  Sheet  &  Tube  Co.,  built  by  the  Unit 
Construction  Co.  of  St.  Louis. 

It  is  evident  that  structural  engineers  and  con- 
tractors will  find  an  increasing  amount  of  work  of 
this  sort;  for  the  tendency,  more  and  more,  is  to 
abandon  the  old  hovel  manufacturing  and  mining 
towns  and  to  build  entirely  new  villages  for  work- 
men, where  not  only  nice  homes  but  ample  play- 
grounds for  young  and  old  can  be  provided. 
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Should  Not  the  Government  In- 
sist   on   the    More   General 
Use  of  Gas-Filled  Lamps 
to  Save  Fuel? 

It  was  many  years  after  the  introduction  of  the 
tungsten  electric  lamp  before  the  old  carbon  lamp 
was  generally  displaced.  History  is  repeating  itself, 
for  the  efficient  gas-filled  or  nitrogen  lamp  is  replacing 
the  tungsten  lamp  almost  as  slowly  as  the  latter  re- 
placed the  carbon  lamp.  Naturally  the  electric  light 
companies  have  not  advertised  the  saving  in  electric 
current  that  their  customers  can  secure  through  the 
use  of  more  efficient  incandescent  lamps.  But,  now 
that  the  scarcity  of  coal  has  forced  curtailment  of  the 
use  of  electricity  for  lighting,  should  not  the  federal 
government  itself  give  wide  publicity  to  the  economy 
of  gas-filled  lamps? 

Indeed,  might  not  the  government  be  justified  in 
forcing  the  electric  power  companies  to  provide  their 
-customers  with  gas-filled  lamps  in  place  of  tungsten 
and  carbon  lamps,  except  for  the  smaller  sizes  of 
lamps?  Here  is  a  case  where  economy  for  the  public 
so  reduces  profit  for  the  purveyors  of  electricity  that 
governmental  action  of  some  sort  seems  imperative. 


should  only  "the  first  or  upper  third"  of  our  engineer- 
ing students  be  exempted  from  service  as  provided  in 
a  recent  order? 


Engineers  Should  Require  Their 
Subordinates    to   Read    En- 
gineering   Periodicals 
Systematically 

College  education  should  consist,  for  the  most  part, 
in  the  forming  of  habits  that  will  insure  subsequent 
mental  and  moral  development.  Among  these  habits 
should  be  the  habit  of  systematic  reading  of  technical 
periodicals.  Unfortunately,  most  engineers  graduate 
without  having  formed  such  a  habit,  and  many  of 
them  never  acquire  it  in  after  life.  Consequently  we 
see  uneconomic  designs  and  uneconomic  construction 
methods  on  every  hand,  for  he  who  fails  to  study  the 
current  progress  inevitably  does  inferior  work.  It 
would  be  well  if  every  engineer  in  charge  of  other 
engineers  were  to  insist  on  their  studying  the  engi- 
neering periodicals  systematically  during  a  part  of 
their  daily  "working  hours."  It  is  not  sufficient  to 
advise  them  to  read.  They  should  be  made  to  do  so 
as  part  of  their  weekly  duties. 


Ex-President    Taft    Opposes    the 

Conscription  of  Engineering 

Students 

Addressing  the  American  Society  of  Mechanical 
Engineers  at  their  annual  meeting,  ex-President  Will- 
iam Howard  Taft  opposed  the  conscription  of  engi- 
neering and  medical  students.  He  said  that  England 
had  made  the  great  mistake  of  allowing  such  young 
men  to  go  to  the  front,  and  that  she  is  now  greatly 
embarrassed  because  of  the  reduced  supply  of  engi- 
neers and  physicians.  He  urged  Congress  and  the 
administration  to  see  to  it  that  medical  and  engineer- 
ing students  be  reserved  for  the  work  for  which  they 
are  peculiarly  fitted,  and  that  these  men  be  required 
to  finish  their  courses  of  study  before  they  are  gath- 
ered into  the  service.  We  believe  that  all  broad-vis- 
ioned  men  are  in  accord  with  Mr.  Taft.    Why,  then, 


Are  Concrete  Ships  Feasible? 

A  committee  report  made  public  last  month  by  the 
American  Concrete  Institute  gives  an  affirmative  an- 
swer to  the  question  of  the  commercial  feasibility  of 
concrete  ships  for  ocean  service.  Concrete  barges  for 
still-water  use  have  been  built,  but  as  yet  no  concrete 
ship  has  been  navigated  in  a  rough  sea  where  its 
frame  must  withstand  the  stresses  developed  when  it 
acts  as  a  beam  supported  between  two  successive 
waves,  or  as  a  cantilever  supported  on  one  wave.  The 
committee  says: 

In  a  steel  ship  the  entire  cross-sectional  area  of  the  midship 
section  acts  to  resist  these  stresses,  taking  into  account,  in 
determining?  the  moment  of  inertia,  all  of  the  continuous  mem- 
bers, such  as  continuous  scantlings  and  deck  side  and  bottom 
plates.  In  the  concrete  ship,  equivalent  strength  must  be  pro- 
vided. In  the  case  of  the  concrete  ship,  however,  only  the  steel 
reinforcement  can  be  relied  upon  to  take  tensile  stresses.  The 
concrete  assisted  by  the  steel  will  take  the  compressive  stresses. 

The  effect  of  the  rapid  change  of  the  character  of  the  stress 
in  either  the  deck  or  the  bottom  is  much  more  serious  in  the 
case  of  a  concrete  ship  than  in  the  steel  ship  for  the  reason  that, 
owing  to  the  low  tensile  stress  of  concrete,  cracks  will  occur 
at  the  extreme  fiber  under  relatively  low  tensile  stresses  in  the 
steel.  These  cracks,  if  any,  alternately  opening  and  closing,  may 
tend  to  cause  disintegration,  with  resulting  leaks  or  impairment 
of  the  reinforcement. 

At  the  present  time,  little  information  is  available  as  to  the 
effect  of  such  reversal  of  stress,  and  but  little  can  be  hoped 
tor  until  an  actual  trial  has  been  made  of  a  concrete  ship 
in  a  sea. 

There  is  an  almost  unanimous  opinion  among  naval  architects 
and  seafaring  men  generally  that  a  concrete  ship  will  be  so 
inelastic  that  she  will  tear  herself  to  pieces  in  a  sea.  While  it 
is  doubtless  true  that  in  a  concrete  ship  there  will  not  be  the 
same  readjustment  of  stresses  as  in  a  steel  ship  when  subject 
to  the  action  of  a  heavy  sea,  experience  with  reinforced  concrete 
structures  generally  has  shown  that  such  structures  have  con- 
siderable elasticity  and  there  is  ample  reason  tor  the  hope  that 
reinforced  concrete  will  prove  a  suitable  material  for  shipbuild- 
ing purposes. 

Although  it  is  conceded  by  the  committee  that  a 
thin  layer  of  concrete  does  not  afford  perfect  protec- 
tion to  the  steel  against  corrosion  by  salt  water,  the 
committee  believes  that  if  the  reinforcing  steel  is  gal- 
vanized and  covered  with  carefully  made  concrete 
well  waterproofed,  there  should  be  no  serious  danger 
from  corrosion. 

A  concrete  hull  designed  to  carry  a  load  of  2000 
tons  (or  "dead  weight")  and  having  a  displacement 
of  3675  tons  is  estimated  to  cost  $126,000,  or  $63  per 
ton  of  dead  weight.  The  cost  of  a  similar  steel  hull 
would  be  $90  to  $120  per  ton  of  dead  weight  and  that 
of  a  wooden  hull  $70  to  $100.  The  committee  sums 
up  by  saying: 

Your  committee  fetls  that  it  is  not  its  function  at  this  time 
to  prepare  any  detailed  plans  for  a  concrete  vessel.  It  is  man- 
ifestly impossible  to  design  a  type  of  vessel  that  will  be  ap- 
plicable to  all  classes  of  service.  A  barge  for  use  on  the  canals 
of  New  York  would  not  be  an  efBcient  tj-pe  for  use  in  harbors 
or  on  the  Ohio  or  on  the  Mississippi. 

Vessels  heretofore  built  have  demonstrated  that  the  small 
harge  for  still  water  service  can  be  built  and  successfully  op- 
erated. The  solution  of  the  larger  problem  of  a  concrete  ship 
will  include  the  solution  of  smaller  vessel  probleni.  in  which 
questions  of  strength  are  not  of  the  same  prominence. 

Although  there  are  soma  questions  regarding  the  concrete  ship 
which  can  only  be  answered  by  actual  experiment,  the  studies 
which  your  committee  has  made  point  to  the  commercial  success 
of  the  concrete  ship. 

Your  committee  .suggests  that  specifications  for  a  concrete 
vessel  should  embody  the  following  principles: 

1.  Both  cement  and  aggregates  should  be  selected  with  great 
care  to  msure  a  concrete  of  maximum  efficiency. 
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2.  That  concrete  should  be  placed  in  one  continuous  opera- 
tion to  insure  monolithic  construction.  The  concrete  mixture 
should  be  such  as  will  develop  a  crushing  strength  in  excess  ot 
3000  lb.  per  sq.  in.  when  tested  in  standard  cylinders  at  28  days. 
A  concrete  consisting  of  one  part  Portland  cement,  one  part 
sand  and  two  parts  14 -in.  aggregate  may  be  expected  to  give 
such  a  concrete.  The  mixture  and  workmanship  must  be  such 
as  will  assure  impermeability. 

3.  The  reinforcing  steel  should  be  in  the  form  of  deformed 
bars  and  should  be  galvanized. 

4.  In  parts  of  the  vessel  where  cracks  in  the  concrete  would 
tend  to  cause  leaks,  the  stress  in  the  steel  should  be  kept  low 
(perferably  less  than  12,000  lb.). 

5.  Some  form  ot  elastic  waterproofing  coating  should  be  ap- 
plied to  the  hull   below  the  deck. 


Loss   of    Illuminating  Efficiency 

Due   to  Dirty   Reflectors  of 

Indirect  Lighting  Systems 

Davis  H.  Tuck,  Illuminating  Engineer  of  the  U.  S. 
Public  Health  Service,  states  that  the  usual  indirect 
lighting  sy.stem  deteriorates  50%  in  efficiency  during 
its  first  vear,  due  to  lack  of  proper  maintenance. 
He  allows  a  factor  of  safety  of  25%  for  the  fall  in 
illumination  between  periods  of  cleaning  of  reflectors 
pnd  ceilings.  One  of  the  greatest  objections  to  in- 
direct lighting  is  the  difficulty  of  keeping  the  re- 
flectors clean.  They  are  natural  dust  traps.  But  if 
it  becomes  known  that  a  great  loss  of  illuminating 
efficiency  results  where  reflectors  are  dirty,  probably 
systematic  cleaning  at  frequent  intervals  will  be- 
come more  common.  Light-colored  walls  and  gas- 
filled  lamps  have  greatly  reduced  the  cost  of  lighting. 
A  still  further  reduction  in  cost  can  be  effected  by 
keeping  the  reflectors  clean. 

An  Economic   Combination'of  a 

Concrete  Frame  and  a 

Wooden  Floor 

An  old  standard  type  of  floor  construction,  still  ex- 
tensively used,  consists  of  cast  iron  columns  and  steel 
girders  on  which  rest  the  wooden  joists  supporting 
the  flooring  plank.  The  high  cost  of  iron  and  steel 
naturally  leads  to  the  substitution  of  reinforced  con- 
crete in  place  of  the  cast  iron  and  steel.  L.  J.  Mensch, 
engineer  and  contractor,  Chicago,  is  using  concrete 
columns  of  the  von  Emperger  type  supporting  con- 
crete girders  that  carry  wooden  joists  and  floor.  The 
concrete  columns  have  a  cast  iron  core  and  a  rein- 
forcement of  spiral  steel  hooping.  The  cast  iron  core 
projects  up  through  the  floor  about  2  ft.  into  the  next 
column  above.  The  top  of  the  concrete  girder  is  level 
with  the  top  of  the  timber  floor  joists  which  rest  on 
The  offset  or  wider  part  of  the  concrete  girder.  For 
warehouse  construction  and  the  like,  this  design  is 
economic  under  present  conditions. 


over  horses  standing  on  the  floer,  and  salamanders, 
placed  on  the  floor.  Likewise,  although  we  do  not 
know  of  its  having  been  done,  a  canvas  could  be  sus- 
pended just  below  the  ceiling  and  salamanders  hung 
between  the  canvas  and  the  ceiling.  In  short,  the 
object  should  be  to  use  canvas  in  such  a  way  as  to 
confine  the  heat  of  the  salamanders  to  the  concrete 
surfaces. 


A  Suggestion  for  Protecting 

Green    Concrete    from 

Freezing  in  Buildings 

Coke-burning  salamanders  are  commonly  used  to 
heat  the  walls  and  floors  of  concrete  buildings.  In 
such  cases  it  is  frequently  advisable  not  to  attempt 
to  heat  all  the  air  in  the  building,  but  only  the  air 
adjacent  to  the  concrete  surfaces.  To  do  this,  canvas 
curtains  may  be  hung  parallel  with  and  close  to  the 
walls,  and  salamanders  placed  between  the  curtains 
and  the  walls.     Similarly,   a  tarpaulin   may  be   laid 


1 32   Shipyards   Are    Building   an 

"Emergency   Fleet"  of 

1,427    Vessels 

E.  N.  Hurley,  chairman  of  the  shipping  board,  has 
stated  that  there  are  now  under  contract  1,427  mer- 
chant vessels  for  the  "emergency  fleet,"  totaling 
8,573,000  tons  of  "dead  weight."  The  work  is  being 
done  in  132  shipyards.  Only  15'~t  of  the  ton- 
nage consists  of  wooden  vessels.  One  reinforced  con- 
crete ship  of  4,500  tons  is  being  built  in  San  Fran- 
cisco with  the  board's  approval,  as  noted  elsewhere 
in  this  issue. 


The   Economy  of  Using   a   Con- 
crete Mixer  for  Lime  Mortar 
for  Brickwork 

Building  contractors  are  not  generally  aware  that 
by  the  use  of  a  small  (^,3  cu.  yd.)  concrete  mixer  op- 
erated by  two  men,  enough  lime  mortar  can  be  mixed 
in  an  hour  to  supply  16  brick  masons  for  a  day.  If 
mixed  by  hand,  the  same  gang  would  keep  2  to  3  mor- 
tar mixers  busy  all  day.  In  using  a  mixer  the  best 
plan  is  to  give  the  lime  mortar  a  preliminary  mix  by 
hand  in  a  mortar  box.  Half  the  mortar  for  a  day's 
run  is  mixed  in  the  machine  in  the  morning  and  the 
rest  after  noon.  It  is  estimated  that  the  tempering  of 
hand-mixed  mortar  consumes  about  10  per  cent  of  a 
mason's  time,  all  of  which  can  be  saved  by  machine 
mixing.  Moreover,  since  machine  mixing  is  more 
thorough,  less  lime  is  required  than  with  hand  mixing. 


The  "Roll  of  Honor"  of  the  Ameri- 
can Society  of  Civil  Engineers 

In  the  November  Proceedings  of  the  American  So- 
ciety of  Civil  Engineers  is  a  list  of  575  names  of 
members  who  are  serving  in  the  army  or  navy  of  the 
United  States  or  any  of  its  allies.  Since  the  list  was 
published  more  than  150  more  names  have  been  sent 
in,  so  that  alrepdy  nearly  9  per  cent  of  the  entire 
membership  of  this  society  is  enlisted  for  war  serv- 
ice. When  it  is  borne  in  mind  that  most  of  these  men 
are  well  over  the  draft  age  limit  and  that  nearly  all 
of  them  have  volunteered  for  service,  this  is  a  record 
to  be  proud  of.  It  is  also  signficant  of  the  importance 
of  the  civil  engineer  in  war. 


Casting^Smooth  Concrete  Blocks 
Face  Down  in  Iron  Forms 

The  problem  of  economically  securing  concrete 
building  blocks  having  smooth  surface  was  solved  by 
the  Hanson  Bros.  Co.,  Chicago,  as  follows:  In  the 
bottom  of  each  wooden  mold  is  laid  a  perfectly  clean, 
smooth  piece  of  galvanized  sheet-iron.  The  facing  of 
the  block  is  then  laid  upon  this  sheet-iron  bed  and 
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well  tamped.  This  face  is  1  in.  thick,  made  of  1  part 
stone  screenings,  1  part  sand  and  -U  part  cement, 
mixed  with  only  enough  water  to  make  it  stick  to- 
gether when  gripped  in  the  hand.  Upon  this  facing  is 
laid  a  reinforcement  of  wire  mesh,  and  then  upon  this 
is  placed  a  1:2:4  concrete  in  which  are  embedded  two 
wire  loops  to  be  used  in  lifting  the  block.  The  side 
forms  are  held  by  wedges  in  a  frame,  and  are  re- 
moved as  soon  as  possible — 2  hours  or  longer,  depend- 
ing on  the  weather. 


High  Carbon  vs.  Mild  Steel  Rein- 
forcing Bars 

Among  structural  engineers  there  is  a  difference  of 
opinion  as  to  the  relative  merits  of  high-carbon  and 
mild  steel  for  concrete  reinforcement.  This  cleavage 
of  opinion  was  well  shown  in  the  discussion  of  the 
report  of  the  Am.  Soc.  C.  E.  Committee  on  Concrete 
and  Reinforced  Concrete  by  L.  J.  Mensch,  who  said: 

The  writer  is  greatly  surprised  that  this  conservative  com- 
mittee allows  a  stress  of  16.000  lb.  per  square  inch  on  mild  rein- 
forcing, without  specifying  that  it  should  apply  only  to  properly 
twisted  bars,  or  otherwise  to  state,  like  the  French  committee, 
that  this  ruling  is  on  account  of  the  demand  of  practice  (high- 
carbon  steel  bars  are  not  a  commercial  article  in  France),  and 
that  it  really  results  in  a  factor  of  safety  of  considerably  less 
than  3  with  the  best  of  workmanship.  No  mention  is  made  of 
the  use  of  high-carbon  steel  bars,  and  it  can  be  .stated  positively 
that  the  commercial  high-carbon  steel  bars  (even  re-roUed  bars) 
can  be  stressed  to  26,000  lb.  per  square  inch  to  give  the  same 
strength  in  a  reinforced  concrete  beam  as  mild  steel  bars  stresseii 
to  16.000  lb.  per  square  inch.  No  ruling  which  the  committee  has 
made  is  so  discordant  with  general  practice  and  will  be  so  gen- 
erally disregarded  as  the  deliberate  omission  of  high-carbon  steel 
bars,  and  it  positively  damages  the  industry.  The  writer  is  well 
aware  that  structural  steel  designers  with  little  experience  In 
reinforced   concrete   are  all  in   favor  of  the   committee's   ruling. 

This  dispute  is  one  that  the  Committee  might  have 
ended  for  all  time,  had  sufficient  funds  been  avail- 
able for  experimental  tests.  Unfortunately,  it  re- 
mains the  habit  of  our  American  engineering  societies 
to  limit  the  expenditures  of  committees  to  such  an 
ex-tent  that  relatively  little  research  work  can  be  done. 
Would  it  be  unethical  or  undignified  to  solicit  sub- 
scriptions from  manufacturers  and  others  for  research 
work  to  be  conducted  by  such  committees? 


235  Miles  of  Pipe  in  One  Office 
Building 

The  cold  water,  steam,  gas  and  vent  piping  in  the 
Equitable  Bldg.,  New  York  City,  totals  2-35  miles  of 
National  tube.  Some  conception  of  the  magnitude  of 
this  piping  system  is  had  when  it  is  realized  that  a 
city  of  60,000  inhabitants  ordinarily  has  no  greater 
mileage  of  water  pipe  than  235  miles.  And,  again, 
the  length  of  this  piping  is  about  equal  to  the  dis- 
tance between  New  York  and  Boston. 

While  it  is  true  that  the  Equitable  Bldg.  is  the 
largest  office  building  in  the  world,  accommodating 
15,000  tenants  in  its  38  stories,  the  amount  of  pip- 
ing in  any  large  office  building  is  so  great  as  to  be  a 
matter  of  serious  economic  concern  to  the  structural 
engineer  who  designs  the  piping  system. 


Loading    Stone    and     Sand    Into 
Hand  Buggies  from  Bins 

The  two-wheel  buggy  has  largely  displaced  the 
wheelbarro^v  for  handling  concrete,  but  the  wheel- 
barrow still  remains  in  extensive  use  for  delivering 
sand  and  stone  to  mixers.    A  buggy  holds  5  or  6  cu.  ft., 

( 


and  one  man  can  readily  push  such  a  load  over  a  good 
plank  runway.  Frequently  it  is  desired  to  place  the 
mixer  at  same  distance  from  the  stock  piles,  in  which 
case  buggies  are  usually  more  economic  than  wheel- 
barrows. If  a  locomotive  crane  and  clamshell  are  used 
to  unload  cars,  bins  should  be  provided,  for  the  aggre- 
gates can  then  be  drawn  off  into  buggies  without  the 
necessity  of  shoveling.  Of  course  stock  piles  are  nec- 
essary even  where  bins  are  thus  used,  but  the  clam- 
••^hell  needs  to  work  only  a  short  time  each  day  to  keep 
the  bins  full. 


Hy 


Pulling   "Key    Piles"    With 
draulic   Jacks 

In  removing  the  steel  sheet-piles  of  a  cofferdam,  the 
first  pile  pulled — the  "key  pile" — is  obviously  the  most 
cbstinate,  sometimes  requiring  a  200  ton  stress  to 
start  it.  In  pulling  "key-piles"  from  a  cofferdam  of 
Carnegie  piles  at  Troy,  N.  Y.,  several  methods  were 
tried,  and  the  best  of  these  was  found  to  be  the  hy- 
draulic jack  method.  To  the  "key  pile"  was  bolted, 
with  five  114  in.  bolts,  an  extension  pile  4  ft.  long. 
To  this  extension  pile,  and  opposite  sides  of  it,  were 
riveted  two  15-in.  I  beams  3  ft.  long,  against  which 
the  hydraulic  jacks  pushed.  The  two  jacks — each 
of  150  tons  capacity — stood  upon  brackets  bolted  to 
the  two  piles  on  opposite  sides  of  the  "key  pile."  Pull- 
ing a  "key  pile,"  including  the  time  spent  in  getting 
ready,  took  1  to  3  days.  Then  the  remaining  piles 
were  pulled  with  tackle  and  shear  legs  on  a  scow,  at 
the  average  rate  of  12  piles  in  8  hours.  Nearly  3,200 
piles  were  pulled  from  cofferdam  cells  that  were  20  to 
40  ft.  deep. 


Casting  Concrete  Piles   in    Tiers 

In  making  a  large  number  of  concrete  piles,  not 
only  will  yard  space,  but  the  cost  of  handling  mate- 
rials be  reduced  by  casting  the  piles  in  tiers  or  lay- 
ers. For  example,  some  1,300  concrete  piles  about 
75  ft.  long  were  recently  made  for  piers  in  San  Fran- 
cisco. The  yard  was  85x900  ft.,  and  the  piles  were 
poured  in  four  successive  layers  at  the  rate  of  about 
100  cu.  yds.  per  day.  The  piles  were  18  to  20  in. 
square,  and  were  cast  in  wooden  forms,  side  by  side, 
with  wooden  spacers  3  in.  wide  every  2  ft.  between 
adjacent  side  forms.  After  a  layer  of  piles  had  har- 
dened, these  spacers  were  pulled  out,  and  the  side 
forms  removed  to  be  used  again  for  the  next  tier  of 
piles.  Gantry  cranes  with  chain  blocks  were  used 
for  handling  the  "cages"  of  reinforcing  rods  and 
placing  them  in  the  forms.  A  crew  of  14  men  made 
about  20  "cages"  a  day. 


Concrete  Ship  Building  in  Scotland  and  Denmark. — 

According  to  a  recent  consular  report,  the  Caledon 
Shipbuilding  Co.  has  accepted  a  site  from  the  Dundee 
Harbor  Trust  of  Dundee,  Scotland,  on  which  to  estab- 
lish a  yard  for  constructing  concrete  ships.  The  site 
includes  approximately  14  acres,  situated  near  the  fish 
docks,  and  will  be  put  in  condition  by  the  harbor  trust 
immediately  for  the  commencement  of  work  on  the 
>.uilding  of  the  shipyard  by  the  Caledon  company.  A 
consular  report  also  has  stated  that  the  building  of 
concrete  ships  is  to  be  started  at  Sundby,  a  suburb 
of  Copenhagen,  by  a  new  concern  headed  by  Bagger- 
Sorensen  and  Gleerup-Moller.  The  company  has  a 
capital  of  from  $400,000  to  $500,000  and  intends  to 
build  ships  up  to  1,000  tons. 
108) 
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Structural    Features    of    130    Ft. 

Tower  of  New  Pennsylvania 

Freight  Station  in  Chicago 

By  JOS.  E.  LOVE, 
Assoc.    Western    Society    of    Engineers. 

A  rather  unusual  and  yet  ornamental  and  attractive 
feature  of  the  new  $4,000,000  Pennsylvania  Co.'s 
freight  station  now  nearing  completion  in  Chicago  is 
a  lai-ge  steel-frame  tower,  which  besides  adding  to 
the  imposing  architecture  of  the  building  serves  the 
useful  purpose  of  carrying  a  fire  service  tank  and 
of  housing  a  large  clock.  This  freight  terminal,  420 
ft.  by  750  ft.  in  plan  and  5  stories  in  height,  will  be 
the  finest  and  one  of  the  largest  in  this  country  when 
finished.  Loading  platforms  and  19  tracks  depressed 
below  the  .street  level  are  on  the  fir.st  floor;  the  team 
driveways,  trucking  platforms  and  offices  occupy 
the  second,  or  street  floor,  while  the  three  upper  floors 
are  for  freight  storage.  An  ultimate  installation  of 
50  electric  elevators  will  handle  the  freight  between 
floors. 

The  tower,  located  centrally  on  the  north,  or  Polk 
St.  face  of  the  station,  rises  190  ft.  above  the  street 
level,  or  130  ft.  above  the  roof  of  the  main  portion  of 
the  building,  and  is  divided  into  eight  stories.  The 
.steel  fire-service  tank  of  50,000  gal.  capacity  is  be- 
tween the  fourth  and  sixth  floors  of  the  tower  and  the 
clock  with  its  four  16-ft.  dials  is  located  in  the  19-ft. 
story  above  the  sixth  floor.  The  first  three  floors  will 
be  used  for  the  filing  of  records  and  for  similar  pur- 
poses. Access  to  the  tower  may  be  had  by  means  of 
a  high  speed  electric  passenger  elevator  in  addition 
to  a  stairway.  The  lower  7  tower  stories  are  octagonal 
in  shape  with  alternate  faces  approximately  28  ft.  and 
11  ft.  long.  Between  the  7th  and  8th  floors  is  an  inset 
balcony  for  architectural  effect  and  from  this  height 
to  the  pyramidal  roof  the  tower  is  30  ft.  square. 
The  Steel  Frame. 

Because  of  the  variations  in  the  tower  sections 
and  of  the  different  uses  for  the  floors  no  great  uni- 
formity could  be  secured  in  the  steel  framing  except 
in  two  of  the  stories  below  the  base  of  the  tank. 
Though  offering  no  novelties,  the  design  and  details 
of  the  steel  work  furnish  several  points  of  consider- 
able interest  to  the  structural  engineer. 

All  of  the  eight  exterior  tower 
columns  extend  to  the  seventh 
floor,  while  the  four  interior  col- 
umns are  offset  by  means  of  60- 
in.  girders  at  the  fifth  floor  in 
order  to  secure  the  necessary  24 
ft.  square  clear  space  for  the 
clock  mechanism  at  the  next 
level.  Two  of  the  exterior  col- 
umns are  continuations  of  the 
main  building  columns,  but  the 
balance  have,  their  loads  trans- 
mitted to  the  building  columns 
at  the  base  of  the  tower  through 
a  system  of  heavy  girders  vary- 
ing from  51  in.  to  71  in.  in  depth. 

All  columns  are  of  built-up 
H-section,  using  a  14' ^-in.  web 
with  four  6x4-in.  angles  and  14- 
in.  cover  plates  where  needed. 
Floor  girders  for  the  first  tower 
floor  are  mainly  the  heavy  col- 
umn   offsetting    girders,    while 


-  Roof  of  Ma'rn  Buildmg 
Elevation    of    Tower   Showing    Wind    Bracing    and    Location    of 
Clock    and    Water    Tank. 

for  the  other  levels  the  interior  framing  consists  of 
various  sizes  of  I-beams  and  built-up  girders  as  indi- 
cated on  the  accompanying  plans. 

The  outside  columns  are  tied  in  at  every  floor  by  a 


Bracing. 
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line  of  30-in.  girders,  and  paralleling  each  of  these 
girders  and  bracketed  to  the  columns  is  a  15-in.  chan- 
nel with  a  3V2  by  3  by  %-in.  bottom  shelf  angle  to 
carry  the  brick  curtain  walls. 

In  the  fourth  and  fifth  floors,  respectively,  openings 
13  and  22  ft.  in  diameter  were  provided  for  the  tank, 


a  double  tier  of  diagonals  was  set  on  the  short  side 
with  knee  braces  around  the  clock  dials.  This  double 
tier  and  the  knee  braces  offset  the  omission  of  diag- 
onals in  the  long  face  where  their  use  was  prevented 
by  the  clock.  Gusset  plates  constitute  the  wind  brac- 
ing above  the  7th  floor. 


whose  load  is  transmitted  to  the  interior  columns  at 
the  fifth  floor  by  24-in.  and  54-in.  girders.  The  balcony 
framing  is  supported  by  the  extensions  of  the  inside 
columns  and  by  short  columns  which  rest  on  30-in. 
girders  as  shown  in  the  plan  of  the  seventh  floor. 
Above  the  balcony  the  main  members  were  12  to  24- 
in.  I-beams. 

Wind  Loading  and  Bracing. 
As  required  by  the  building  ordinances  of  the  city 
of  Chicago  the  steel  frame  was  designed  to  withstand 


As  carrying  the  diagonal  bracing  in  a  vertical  plane 
down  through  the  building  was  objectionable,  a  hori- 
zontal system  of  diagonal  bracing  was  placed,  as  in- 
dicated by  the  roof  plan,  in  a  portion  of  the  roof  fram- 
ing so  as  to  produce  a  truss  action  and  distribute  the 
stresses  into  the  main  framing  throughout  the  length 
of  the  building.  Wind  foi-ces  across  the  face  of  the 
building  are  resisted  by  gusset  plates  in  the  main 
girder  connections  to  the  columns.  The  horizontal 
bracing  in  each  tower  level  consists  of  single  4  by  3 


To.:" 

Typical  Quarter 


Plans  of  Steel  Frame  Tower 


a  wind  pressure  of  20  lb.  per  square  foot  of  tower  sur- 
face. To  care  for  this,  diagonal  bracing  connected  by 
large  wing  plates  to  the  exterior  columns  was  used 
wherever  possible.  Except  at  the  clock  level  this  brac- 
ing was  1-story  high  on  the  11-ft.  face  and  2  stories 
high  on  the  28-ft.  face.    Between  the  6th  and  7th  floors 


by  %-in.  angles  except  above  the  sixth,  where  34  and 
Ts-in.  diameter  rods  are  sufficient. 

The  outside  finish  of  the  tower,  which  is  in  harmony 
with  that  of  the  rest  of  the  building,  is  of  light  red 
pressed  brick  and  light  yellow  terra-cotta  trim  with 
a  green  tile  roof.     The  triangular  roof  slabs  and  all 
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tower  floors  are  4Va-in.  reinforced  concrete  slabs.  To 
comply  with  fireproofing  requirements  every  member 
of  the  tower's  steel-frame  was  separately  encased  in 
concrete  as  described  in  the  issue  of  "Engineering  and 
Contracting"  for  Nov.  21,  1917. 

The  design  and  construction  of  the  freight  station 
was  under  *he  direction  of  Mr.  Thos.  Rodd,  Chief  Engi- 
neer, and  Mr.  Robert  Trimble,  Chief  Engineer  Main- 
tenance of  Way,  Pennsylvania  Lines  West.  The  Geo. 
A.  Fuller  Co.  is  the  general  contractor. 


Method    of    Cutting    off     Rein- 
forced  Concrete  Piles 

An  easy  and  economical  method  for  cutting  off  the 
tops  of  reinforced  concrete  piles  is  described  by  Civil 
Engineer  Kirby  Smith,  U.  S.  Navy,  in  the  October 
Public  Works  of  the  Navy.  The  method  was  used  in 
connection  with  the  work  of  roofing  over  Tingey  St., 
between  buildings  23  and  32  in  the  U.  S.  Navy  Yard, 
Washington,  D.  C. 

The  columns  carrying  the  roof  are  to  be  supported 
by  precast  reinforced  concrete  piles  located  on  each 
side  of  the  street  and  adjacent  to  the  walls  of  the 
existing  buildings.  These  piles  are  40  to  45  ft.  long, 
10  in.  square  at  the  point,  18  in.  square  at  the  butt, 
and  reinforced  with  eight  %-in.  square  rods  tied  to- 
gether with  .%-in.  wire  hoops  2  in.  center  to  center 
for  a  distance  of  3  ft.  from  each  end  and  8  in.  center 
to  center  between  these  limits.  They  were  cast  out- 
side the  yard  on  a  vacant  lot,  picked  up  by  a  wrecker 
crane  and  hauled  to  the  site  on  a  flat  car  drawn  by 
a  yard  engine. 

These  piles  were  then  driven  in  place  by  a  5,000- 
Ib.  hammer.  Some  of  them,  driven  to  refusal,  pro- 
jected from  3  ft.  to  20  ft.  above  the  required  eleva- 
tion for  the  footings  to  rest  upon  them.  This  was 
probably  due  to  the  points  encountering  a  stratum 
of  rock.  To  cut  off  the  piles  at  the  proper  elevation 
the  following  simple  but  effective  method  was  used. 
Outside  the  reinforcing  rods  there  is  a  protective 
concrete  covering  of  2  to  2^  in.  This  was  chipped 
off  at  the  required  level  with  a  bull  chisel  and  a 
sledge,  leaving  the  rods  exposed.  An  air  drill  was 
tried,  but  the  chisel  and  sledge  method  was  found 
to  be  easier.  Then  the  rods  were  cut  with  an  acety- 
lene torch.  This  left  the  concrete  core,  which  had 
a  low  tensile  strength.  Where  the  projecting  pile 
was  of  sufficient  length  to  give  good  leverage,  a  V'2- 
in.  manila  rope  was  slung  around  the  top  of  the  pile 
and  four  men  pulling  on  the  rope  snapped  the  pile 
off  at  the  cut.  Where  the  projecting  portion  was 
short,  the  same  result  was  accomplished  by  a  direct 
pull  from  the  stationary  engine  on  a  Vs-in.  steel  cable 
attached  to  the  top  of  the  pile.  Two  men  were  em- 
ployed in  cutting  out  the  concrete  and  four  men  to 
snap  off  the  piles.  The  average  time  for  each  pile 
was  one  hour  and  the  total  cost  per  pile  averaged 
60  ct. 


A  bill  has  been  introduced  in  Congress  under  which 
the  government  will  organize  a  stock  company,  hold- 
ing its  entire  stock  for  the  purpose  of  constructing 
locomotives,  cars  and  other  rolling  stock  and  leasing 
them  to  the  carriers  at  reasonable  rates.  The  mem- 
bers of  the  Interstate  Commerce  Commission  would 
serve  as  directors,  with  the  Secretary  of  the  Treasury 
as  ex-officio  member.  The  bill  provides  for  an  initial 
capital  stock  of  $100,000,000,  to  be  expanded  to  $500,- 
000,000  if  necessary. 


"Cost   Plus"    Contract    Forms  of 
Fred  T.  Ley  &  Co.,  Inc.,  Hurley- 
Mason  Co.  and  Ferro  Concrete 
Construction  Co. 

Among  the  larger  contracting  firms  in  this  country 
that  carry  out  practically  all  their  construction  under- 
takings under  "cost  plus  a  fixed  sum"  or  "cost  plus  a 
percentage"  contracts  are  the  Ferro  Concrete  Con- 
struction Co.,  Cincinnati,  O.;  the  Hurley-Mason  Co. 
of  Tacoma,  Wash.,  and  Fred  T.  Ley  Co.,  Inc.,  of 
Springfield,  Mass.  The  last  mentioned  concern  did 
over  $9,000,000  worth  of  work  last  year,  nearly  90 
per  cent  of  which  was  done  on  a  "cost  plus"  basis. 
Of  this  work  75  per  cent  was  for  clients  for  whom 
the  firm  had  previously  handled  contracts.  This  year 
the  Ley  Co.  will  execute  contracts  aggregating  over 
$20,000,000,  practically  all  of  which  is  done  at  "cost 
plus."  The  Hurley-Mason  Co.  undertakes  work  only 
under  the  "cost  plus"  basis.  The  Ferro  Concrete  Con- 
.'itruction  Co.  two  years  ago  did  not  do  over  10  per 
cent  of  its  work  on  "cost  plus  fixed  sum"  or  "per- 
centage" basis.  Now  practically  all  of  its  work  is 
en  this  basis.  This  firm  at  present  is  doing  some 
work  on  a  flat  contract  basis,  due  a  good  deal  to  the 
fact  that  the  buildings  are  now  wanted  so  quickly 
that  the  contractors  started  on  the  construction 
before  plans  had  been  advanced  far  enough  by  the 
architect  to  make  any  sort  of  an  estimate. 

The  main  features  of  the  'cost  plus  a  fixed  fee" 
contract  forms  of  these  three  companies  are  reprinted 
below.  The  forms  employed  by  Fred  T.  Ley  &  Co., 
Inc.,  follow,  in  the  main,  the  American  Institute  of 
Architects'  standard  form  of  agreement.  The  stand- 
ard form  of  the  Institute  covering  the  general  condi- 
tions also  is  made  a  part  of  the  contract. 

Building  Contract  Form  of  Ferro  Concrete  Construc- 
tion Co. 

Article  I. — The  Contractor  shall  furnish  all  material,  tools  and 
equipment  an>l   perform  all   labor  for  the  construction  of  * 

Article  H. — The  Owner  shall  pay  the  Contractor  the  actual 
cost  of  the  work  plus  a  fixed  sum  of  t 

It  is  agreed  that  the  fixed  sum  shall  be  paid  in  monthly  in- 
stallments  equalling    %    of   the   cost   incurred,   the  final 

payment  to  be  paid  within  thirty  (30)  days  after  the  completion 
of  the  work. 

Article  III.— The  Owner  shall  pay  direct  or  advance  to  the 
Contractor,  as  needed,  sufficient  funds  to  pay  the  actual  cost 
required  for  the  work,  including  materials  and  supplies;  the 
wa^es  and  salaries  of  all  employes  connected  with  the  work; 
telephone  and  telegraph  charges;  sub-contracted  work;  royalties 
or  charges,  by  others,  for  use  of  patents  embodied  in  the  con- 
struction; permits,  fees;  tees  for  associations  regulating  labor 
difficulties;  engineering,  drafting,  cost-keeping  at  or  away  from 
building  site;  the  premium  on  liability,  compensation  or  other 
insurance,  and  on  bonds;  small  tools  and  rent  on  equipment  as 
per  attached  list;  repair  of  tools  and  maintenance  of  equipment; 
freight,  expressage  and  cartage  on  materials  and  equipment 
used  in  or  for  the  work  including  return  charges;  traveling  e.\- 
penses  of  all  employes  and  officers  of  the  contractor  incurred 
in  connection  with  this  contract;  e.xpense  of  car  tracing  or  ex- 
pediting the  delivery  of  material  and  such  other  incidental  ex- 
penses, liability  or  outlay  incurred  or  sustained  in  the  actual 
execution  of  this  contract. 

♦Under  this  article  the  Ferro  Concrete  Construction  Co.  gives  a 
description  of  the  buildings  or  any  other  points  that  are  neces- 
sary, sometimes  inserting  the  price  of  entire  material  which  it 
furnishes  from  stock   or  warehouse. 

tRegarding  Article  II,  Mr.  Tyler  Field,  vice-president  and 
treasurer,  writes:  "Under  article  II,  in  some  cases  we  have  made 
an  agreement  on  the  'cost  plus  fixed  sum'  contracts  that  if  the 
oost  of  labor  or  materials  should  be  increased  above  the  prices 
now  current  and  not  due  to  the  neglect  of  a  contractor,  that 
the  sum  mentioned  shall  be  increased,  as  the  intent  of  either  a 
•cost  plus  fixed  sum'  or  'percentage'  contract  is  that  the  owner 
shall  pay  the  actual  cost  plus  a  reasonable  fee.  There  is  no 
reason  why  this  clause  should  not  be  inserted  in  the  contracts, 
particularly  at  this  time  when  changes  in  labor  and  material 
nave  been  so  rapid." 
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Ijabor,  exclusive  of  carpenter  work,  done  in  the  nmin  shops' 
ot  the  contiactor  shall  be  charged  for  at  80  ct.  per  hour,  whicli 
will  include  the  use  of  power  machinery,  etc.,  in  said  shop. 

Where  material  is  taken  from  the  Contractor's  stock,  same 
shall  be  charged  at  the  pievailing  market  price  for  such  stock 
material. 

All  lumber,  .small  tools,  unused  material,  etc..  remaining  at 
the  end  of  the  job,  shall  be  sold,  or  a  fair  credit  made  tor  same 
by  the  Contractor,  and  the  actual  cost  of  the  work  reduced  ac- 
cordingly. 

The  fixed  sura  shall  include  the  Contractor's  profit,  the  sal- 
aries oi  all  executive  officers  of  the  Contractor — meaning  the 
President,  Vice-President,  Treasurer,  Secretary,  Auditor  or 
General  -Manager — also  the  home  office  expenses  at  Cincinnati, 
except  such  items  as  are  particularly   included   in   the  above. 

Article  IV. — The  Contractor  will  furnish,  on  request,  sched- 
ules of  the  materials  necessary  for  the  work  covered  by  this- 
contract  and  will  submit,  on  request  of  the  Ov.ner,  the  prices 
at  which  it  can  obtain  any  such  materials.  The  Contractor 
win  purchase  said  materials  unless  notified,  in  writing,  that  the 
Owner  desires  to  purchase  direct,  it  being  understood,  however, 
that  such  miscellaneous  purchase,  or  purchases,  which  it  is 
necessary  to  make  at  once  to  insure  the  speedy  and  economical 
carrying  on  of  the  work,  will  be  made  direct   liy  the  Contractor. 

Article  V. — Should  the  Owner  wish  to  increase  the  extent  of 
the  work,  the  Contractor  agrees  to  perform  the  extra  work,  and 
the  Owner  agrees  to  pay  therefore  as  provided  for  work  under 
this  contract,  the  Contractor's  fixed  sum  being  increased  by 
%   of  the  estimated   total  cost  of  such   extra   work. 

Article  VI. — It  is  mutually  agreed  that  in  case  of  any  dis- 
agreement in  the  execution  of  any  part  of  the  work,  or  the  mis- 
understanding of  any  part  of  this  Agreement,  such  matter  in 
dispute  is  to  be  referred  to  three  arbitrators;  one  to  be  ap- 
pointed by  each  party  to  this  Agreement,  and  the  third  by  the 
two  first  chosen,  the  decision  of  any  two  of  whom  shall  be 
final  and  binding,  and  each  of  the  parties  hereto  shall  pay  one- 
half  of  the  expense  of  such  reference. 

Contract  Form   of   Hurley-Mason   Co. 

First.  The  Contractor  agrees  to  erect  for  said  Owner  the 
said  building  on  said  premises  in  accordance  with  the  approved 
plans  and  specifications  therefor;  and  it  is  understood  and 
agreed  that  only  such  plans  and  specifications  and  drawings  ol 
said  building  as  have  been  approved  by  the  parties,  and  have 
been  identified  by  them,  and  are  made  a  part  hereof  for  refer- 
ence, shall  be  considered  the  plans  and  srpecifications  for  said 
building,  and  that  said  contractor  shall  erect  said  building  in 
accordance  therewith;  and  all  work  in  the  construction  of  said 
building  is  to  be  done  under  the  direction  and  with  the  approval 
of  said  Hurley-ilason  Company. 

Second.  The  Contractor  agrees  to  take  charge  of  the  work 
as  soon  as  the  premises  are  ready,  and  agrees  to  prosecute  the 
several  parts  of  the  work  in  their  respective  order  with  the  ut- 
most speed  consistent  with  economy  and  good  workmanship. 

Third.  The  Owner  shall  pay  for  all  materials  used  and  all 
labor  performed  in  constructing  said  building,  as  is  hereinafter 
provided;  but  the  Contractor  shall  have  the  right  to  enter  into 
contracts  for  and  on  behalf  of  and  in  the  name  of  the  Owner 
for  the  purchase  of  all  necessary  material  and  the  hiring  of 
necessary  labor  for  the  construction  of  said  building;  but  aU 
contracts  for  the  purchase  of  materials  shall  be  approved  by  tlie 
Owner,  excepting  that  this  provision  is  not  intended  to  restrict 
the  ordinary  purchase  of  material,   the   cost  of  which   does   not 

exceed    the    sum    of    Dollars    for 

v;hich  class  ot  material  the  Contractor  shall  be  allowed  to  pur- 
chase without  previous  authorization.  A  signed  copy  of  all  con- 
tracts or  agreements  entered  into  by  the  Contractor  for  the 
purchase  of  materials  shall  be  filed  with  the  Owner. 

Fourth.  It  is  understood  and  agreed  that  the  Contractor 
shall  have  full  power  in  the  management  of  the  construction  of 
said  building  and  in  the  purchase  of  all  material  therefor  and 
the  employment  of  all  labor  required  therein  and  also  to  make 
all  necessary  contracts  in  connection  with  the  construction  of 
said  building;  but  the  Contractor  shall  first  procure  the  per- 
mission from  the  Owner  in  writing  before  sub-letting  any  por- 
tion of  the  work  under  this  contract  or  before  entering  into  any 
contract  for  the  purchase  of  material  except  as  specified  in 
Article  Three. 

Fifth.  The  Contractor  agrees  to  build  all  necessary  fences, 
runways  and  ladders;  to  secure  and  pay  for  all  necessary  per- 
mits and  licenses;   that  all  work  performed  is  to  be  according  to 

the  .wdinances,  rules  and  regulations  of  the  City  of   : 

to  conform  in  all  respects  to  the  provisions  of  the  Inspector  of 
Buildings  and  the  Building  Department  ot  said  City;  to  talie  all 
leasonable  precautions  to  protect  both  private  and  public  prop- 
erty from  damage  thereto  and  in  case  damage  occurs  to  either, 
to  repair  same;  to  remove  rubbish  from  said  premises  from 
time   to   time    and    keep   the   building  clean;    to   take    proper   pre- 


LMUiioM  to  protect  all  work  and  material  from  damage  until 
delivery  to  and  acceptance  of  the  building  by  the  Owner;  to 
comply  with  the  State's  Industrial  Insurance  Law  in  making 
proper  returns;  to  supply  a  competent  superintendent  to  repre- 
oent  the  Contractor  in  the  performance  of  said  work  at  all 
times;  and  to  provide  all  necessary  watchmen  and  signal  lights 
to  guard  the  property  of  the  Owner  and  the  public  against  acci- 
dents. All  policies  of  insurance  or  bonds  secure*  by  the  Con- 
tractor for  the  benefit  of  the  Owner  directly  or  indirectly  shall 
be  taken  from  companies  subject  to  the  approval  of  the  Owner, 
and  shall  be  subject  to  inspection  at  all  times.  The  expense  of 
the  above  items  shall  be  borne  and  paid  by  the  Owner  as  a  part 
of  the  cost  of  said  building. 

.Sixth.  The  Contractor  will  not  permit  any  advertising  on 
said  premises  or  the  portion  of  the  streets  abutting  the  same. 

Seventh.  The  Contractor  agrees  to  and  does  hereby  guar- 
antee the  workmanship  performed  under  this  agreement,  and 
should  any  defect  patent  or  discoverable  by  the  use  of  reason- 
able care  and  a  reasonable  test  be  discovered  within  one  year 
after  the  acceptance  of  the  building  by  the  Owner,  which  defect 
is  due  to  faulty  construction,  the  Contractor  will  be  responsible 
therefor  and  make  same  good  without  expense  to  the  Owner. 

Eighth.  The  Contractor  will  furnish  without  charge  other 
than  the  fee  herein  provided  for,  its  business  s.vstem,  its  en- 
gineering skill  and  experience,  its  skilled  organization,  and  gen- 
erally, its  ability  to  equip  the  work  with  sufficient  plant,  and 
to  organize  the  job  with   men  experienced  in  this  class  of  work. 

Xinth.  The  Contractor  agrees  to  furnish  plans  and  specifica- 
tions necessary  to  the  proper  construction  of  building. 

The  Contractor  will  also  furnish  without  additional  charge 
the  heavier  item.s  of  the  plant  required  in  connection  with  the 
work,  such  plant  consisting  of  engines,  motors,  mixers,  hoists, 
derricks,  booms,  carts,  forges,  pneumatic  riveters,  reamers, 
uressure   tanks,  and  other  heavy  appliances. 

The  Contractor  will  include  in  the  cost  of  the  building  the 
following    items: 

The  actual  cost  of  all  material  and  labor,  together  with  the 
cost  of  testing  same. 

The  actual  cost  of  a  superintendent  of  construction;  a  time- 
keeper and  a  material  clerk. 

The  actual  cost  incurred  in  the  delivery  and  removal  of  ma- 
terials   and    tools    and    contractor's    equipment. 

The  actual  cost  incurred  in  the  equipment  and  the  expense  of 
cperation   of  the  temporary  office  at   the  building  site. 

The  actual  cost   incurred  on  liability  bonds  and   permits. 

The  actual  cost  of  operation,  maintenance  and  repairs  to  Con- 
tractor's equipment  while  on  the  work. 

The  actual  cost  of  supplies  and  all  small  tools  necessary  for 
the  use  of  the  workmen  not  supplied  by  themselves,  any 
salvage  on  same  at  the  completion  of  the  work  to  he  credited 
to  the  Owiicr. 

It  shall  be  the  right  and  duty  of  the  Contractor  to  remove 
from  the  building  site  all  tools  and  equipment  when  in  the  judg- 
ment of  the  Contractor  they  are  no  longer  needed. 

Tenth.  The  Contractor  will,  if  required  by  the  Owner.  furni.sh 
a  satisfactory  bond  conditional  on  the  faithful  performance  of 
the  terms  and  conditions  of  this  agreement.  The  cost  of  such 
bond  to  be  paid  by  the  0«ner. 

Eleventh.  The  full  compensation  or  fee  of  the  Contractor  for 
the  performance  of  all  terms  and  conditions  of  this  contract  shall 

be    (? )    Dollars, 

which  will  not  vary  with  the  actual  cost  of  the  building. 

The  Owner  agrees  that  between  the  first  (1st)  and  tenth  (10th) 
day  of  each  month  he  will  pay,  or  cause  to  be  paid,  to  the  Con- 
tractor   on     account     of    the     commission     herein     agreed     upon. 

per  cent  of  said  commission  until  eighty  per  cent 

of  the  commission  has  been  paid,  the  balance  to  be  paid  within 
lliirty    (30)    days  after  the  completion   of   the  work. 

Twelfth.  The  Owner  hereby  covenants  and  agrees  to  well 
and  truly  pay,  or  cause  to  be  paid,  the  necessary  cost  of  said 
building  in  the   following  manner.** 

(a)  On  or  before  the  fifth  day  of  the  month  the  Contractor 
will  approve  all  bills,  except  labor  payrolls,  and  turn  same  over 
to  the  Owner  who  will  issue  a  check  to  the  Contractor  in  pay- 
ment of  same  on  or  before  the  eighth  day  of  the  month,  so  as 
to  permit  discounts  being  taken  by  the  10th.  Payrolls  for  labor 
will  be  rendered  to  the  Owner  \vcei-l\  anri  the  amount  ot  said 
rolls  is  to  be  paid  to  the  Contractor  within  three  days  thereafter. 

(b)  The  Contractor  will  prepare  a  statement  of  all  bills  con- 
tracted during  the  preceding  month,  except  labor  payrolls,  and 
render  same  with  the  Contractor's  approval  on  or  before  the 
eighth  day  ot  the  month  so  that  the  Owner  may  pay  same  di- 
rect. Payrolls  for  labor  will  be  rendered  to  the  Owner  weekly 
and  paid  directly  by  him. 

(c>  On  the  first  day  of  the  month  the  Contractor  will  issue 
a   request  to   the  Owner  for  a  specified  sum  of  money  necessary 
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to  pay  the  bills  for  current  expenses,  and  upon  receipt  of  same 
on  or  before  the  sixth  of  that  month,  the  Contractor  will  pay 
all  such  bills  and  render  a  statement  by  the  twentieth  of  that 
month,  showing  a  full  account  of  moneys  received  and  expended, 
together  with  receipts  for  such  expenditures. 

Thirteenth.  All  possible  rebates  and  discounts  shall  be  se- 
cured and  accounted  for  by  the  Contractor  and  shall  inure  to  the 
benefit  of  the  Owner. 

Fourteenth.  The  Contractor  agrees  to  furnish  to  the  Owner 
whenever  required  to  do  so,  a  full  statement  of  all  moneys  ex- 
pended in  the  construction  of  said,  building,  all  moneys  due 
thereon  and  an  estimate  of  the  amount  required  to  cover  the 
cost  of  the  work  which  at  any  particular  time  may  not  be  com- 
pleted. The  Owner  shall  at  all  times  be  permitted  to  inspect 
all  payrolls,  contracts  or  books  of  the  Contractor  insofar  as 
they  relate  to  the  performance  of  said  work.     Records  necessary 

for   this  purpose   shall   be  kept   in   the   City   of   so 

access  may    be    had   to   same   at   any    time. 

Fifteenth.  In  the  event  of  the  Owner  and  the  Contractor 
being  unable  to  agree  in  relation  to  the  construction  of  any  of 
the  provisions  of  this  contract,  .such  disagreement  shall  be  re- 
ferred to  and  be  decided  by  two  arbitrators,  one  being  selected 
by  the  Owner  and  the  other  by  the  Contractor,  and  in  case  the 
two  so  elected  cannot  agree,  the  two  arbiters  so  chosen  shall 
select  a  third  and  the  decision  of  any  two  of  the  three  shall  be 
final  and  binding  upon  the  parties  hereto  concerning  the  con- 
struction of  said  contract.  The  arbitrators'  decision  shall  be 
made  in  writing,  a  duplicate  copy  of  which  shall  be  delivered  to 
each  party.  The  expense  of  such  arbitration  to  be  equally  borne 
by  the  parties  hereto. 

ttSixteenth.  The  Contractor  guarantees  that  the  total  cost 
of  this  building  including  its  fee,  according  to  the  plans  and 
specifications  made  a   part  Hereof,   shall  not  exceed  the  sum   of 

($ )   Dollars, 

and  should  the  cost  thereof  exceed  this  sum,  the  Contractor 
agrees  to  complete  the  building  according  to  the  plans  and 
speciflcatfons  ns  have  been  approved  and  to  stand  such  addi- 
tional cost  without  further  obligation  on  the  part  of  the  Owner. 

In  case  changes  in  the  plans  and  specifications  are  required 
by  the  Owner,  necessitating  extra  expense  in  the  construction 
of  the  building,  the  Owner  will  be  responsible  and  pay  therefor, 
notwithstanding  the  foregoing  guaranty,  but  no  additional  fee 
is  to  be  paid  the  Contractor  on  account  of  said  changes. 

Seventeenth.  It  is  understood  and  agreed  by  the  parties 
hereto  that  all  the  covenants  and  agreements  contained  herein 
shall  extend  to  and  be  obligatory  on  the  heirs,  successors,  and 
personal  representatives  of  the  parties  hereto.  There  shall  be 
no  assignment  whatever  of  this  contract,  either  voluntary  or 
by  operation   of  law. 

Contract  Form  of  Fred  T.   Ley  &  Co.,   Inc. 
Article   1.     The   Contractor  agrees   to   provide  all   the  materials 
and   to   perform   all    the  work   shown   on   the   drawings   and   de- 
scribed  in   the   .specifications   entitled    

prepared    by    , acting   as, 

and  in  these  Contract  Documents  entitled  the  Architect,  and  to 
do  everything  required  by  the  General  Conditions  of  the  Con- 
tract, and  the  Specifications  and  the  Drawings,  so  far  as  con- 
sistent with  the  provisions  hereof  and  with  the  General  Con- 
ditions   of   the    Contract. 

Article  2.  The  Contractor  agrees  that  the  work  under  this 
Contract  shall  be  substantially  completed  as  soon  as  reasonably 
possible;  it  being  expressly  understood  and  agreed  that  the 
Contractor  shall  not  be  liable  in  any  event  for  any  failure  to 
perform  or  any  delay  in  the  performance  of  this  Contract  caused 
by  or  resulting  from  the  withdrawal  of  men  or  materials  or  the 
failm-e  of  the  Contractor  to  supply  either  thereof  by  reason  of 
work  required  to  be  performed  by  the  Federal  or  any  State 
Government  or  under  the  laws   of  either  thereof. 

Article  3.  The  Owner  agrees  to  pay  the  Contractor  in  cur- 
rent funds  for  the  performance  of  the  contract,  the  Actual  Cost 
of    Construction    as    hereinafter    defined,    plus     a     fixed     fee     of 

Dollars    as    the    Contractor's    compensation 

for  the  execution  of  the  work  herein  called  for.  and  to  make 
payments  on  account   thereof  as  follows: 

On  or  about  the  first  day  of  each  calendar  month  the  Con- 
tractor shall  render  to  the  Architect  a  detailed  statement  of 
all  charges  in  connection  with  the  work  as  hereinafter  specified 
as  the  Actual  Cost  of  Construction,  with  an  additional  amount 
of per  cent  added  thereto  as  part  payment  of  the  Con- 
tractor's compensation,  and  not  later  than  the  fifteenth  day  of 
each  calendar  month  the  Owner  shall  pay  the  Contractor  the 
full  amount  of  such  detailed  statement  as  approved  and  upon 
certificates  issued  by  the  Architect;  or,  on  appeal,  by  the  Arbi- 

ttRegarding  this  clause,  Mr.  Charles  B.  Hurley  writes  that  they 
are  seldom  called  upon  to  give  any  such  guarantee  and  that  con- 
sidering the  present  state  of  cost  of  materials  and  labor  he 
doubts  if  it  would  be  advisable  for  a  contractor  at  the  present 
time  to  make  a   guarantee. 


trators  as  hereinafter  provided.  Final  payment  of  all  charges 
in  connection  with  this  work,  together  with  the  full  amount  of 
trie  Contractor's  compensation,  shall  ^e  made  within  thirty-one 
days  after  the  completion  of  the  work  included  in  this  Contract. 

No  certificate  given  or  payment  made  under  this  contract, 
except  the  final  certificate  or  final  payment,  shall  be  conclusive 
evidence  of  the  performance  of  the  work  either  wholly  or  in  part, 
and  no  payment  shall  be  construed  as  an  acceptance  of  defective 
work  or   improper  materials. 

It  is  understood  and  agreed  that  the  fixed  fee  mentioned 
above  is  not  subject  to  change  unless  the  scope  of  the  work 
is  materially  changed,  in  which  case  it  will  be  increased  or  de- 
creased by  such  sum  as  may  be  determined  by  agreement  of  the 
parties  hereto,  or  by  arbitration  as  provided  in  Article  ij  of  the 
General   Condition  df  the  Contract. 

Article  4.  The  Contractor  and  the  Owner  agree  that  thii 
-Agreement  together  with  the  General  Conditions  of  the  Contract 
hereto  annexed  so  far  as  consistent  with  the  provisions  of  this 
Agreement  and  the  Specifications  and  Drawings  so  far  as  con- 
sistent with  said  General  Conditions  and  with  the  provisions  of 
this  Agreement,  form  the  Contract;  and  that  the  General  Con- 
ditions of  the  Contract  so  far  as  consistent  with  the  provisions 
of  this  Agreement,  and  the  Specifications  and  Drawings  so  far 
as  consistent  with  said  General  Condition's  and  with  the  pro- 
visions of  this  Agreement,  are  as  fully  a  part  of  the  Contract  as 
it  hereto  attached  or  herein  repeated;  and  that  the  following 
is   an   e.xact   enumeration    of   the   specifications   and   drawings: 

Article  5.  As  the  actual  cost  of  construction  is  made  the 
basis  of  the  payments  to  be  made  under  this  Agreement,  all  cost 
and  expense  properly  incurred  by  the  Contractor  for  the  com- 
plete execution  of  the  work  shall  be  allowed  as  due  and  payable 
to  the  Contractor  and  said  Actual  Cost  of  Construction  shall 
include   the   cost   of: 

(a)  Materials.  All  materials  of  every  kind  purchased  tor  the 
work  (except  Contractor's  equipment  hereinafter  provided  for), 
whether  for  incorporation  in  the  work  or  for  use  in  connection 
therewith,  as  shown  on  the  original  invoices  for  said  materials. 
Materials  not  incorporated  in  the  work  and  available  for  disposal 
at  the  completion  of  the  work  shall  be  disposed  of  to  the  best 
advantage  and  the  disposal  price  credited  to  the  Actual  Cost 
of  Construction. 

(b)  Labor.  The  actual  payments  for  all  labor  employed  on 
the  work  as  shown  by  the  payrolls  of  the  Contractor,  which 
payrolls  shall  include  payments  of  all  superintendents,  engineers, 
foremen,  timekeepers,  stock  clerks,  cost  accountants,  on  the  job, 
watchmen,  mechanics,  laborers,  and  such  other  labor  as  may  be 
necessary  for  the  proper  handling  of  the  work,  and  all  pay-' 
ments  for  teams,  wagons,  motor  trucks,  rental  charges  for  Con- 
tractor's equipment,   or   hired   equipment. 

(c)  Contractor's  Equipment.  Rental  and  other  charges  for 
the  use  of  Contractor's  equipment  are  to  be  made  in  accordance 
with  Article  6  and  special  rates  for  shoring  and  building  movers 
equipment  will  be  made  should  any  such  equipment  be  required, 
also   for   any   otheT   equipment   not   included   in   Article   6. 

Cd)  Shoring,  Underpinning  or  Moving.  Should  shoring,  un- 
derpinning or  the  moving  of  any  buildings  or  structures  be  re- 
quired in  connection  with  any  portion  of  the  work  the  rates  for 
labor  employed    in   connection   therewith   shall   be  as  follows: 

Foremen $10.50  per  8  hour  day 

Laborers    $  6.30  per  8  hour  day 

These  rates  include  the  Contractor's  profit  and  no  additional 
profit  shall  be  added  thereto.  The  Owner  shall  assume  all  re- 
sponsibility for  all  claims  arising  for  damages  to  such  buildings 
or  structures  during  said  operations  and  all  legal  expenses,  if 
any.  in  connection  therewith,  and  shall  provide  the  Contractor 
full  and  free  access  to  such  buildings  or  structures  for  said 
operations  and  shall  hold  the  Contractor  harmless  from  any  and 
all  suits  or  claims  for  damages  of  every  kind  in  connection  with 
said  operations. 

(e)  Expenses.  All  expenses  incurred  for  the  transportation 
of  men,  materials  and  supplies  to  and  from  the  work  and  trav- 
eling expenses  in  connection  therewith,  including  the  traveling 
expenses  of  the  General  Superintendent  in  connection  with  his 
\isits  to  the  work,  all  expenses  for  telegraph  and  telephone, 
premiums  on  insurance,  including  public  and  employer's  liability, 
\\'orkmen's  compensation,  plate  glass  and  fire  insurance;  all 
municipal  and  other  permits,  water,  gas  and  electricity,  patent 
royalties,  etc.,  and  all  other  expenses  properly  incurred  for  the 
completion   of  the   work   not  otherwise   specifically   provided  for. 

The  Contractor's  compensation  shall  cover  the  Contractor's 
profit,  overhead,  administrative  expenses,  and  taxes,  and  no 
further  charge  shall  be  made  by  the  Contractor  for  the  services 
of  any  officer  of  the  Contractor:  nor  for  the  services  of  any 
member  of  the  Contractor's  general  office  force  at  Springfield, 
Boston,    or   New    Tork,    unless   otherwise   provided  for. 

The  Owner  shall  not  be  entitled  to  cash  discounts  on  bills 
for  materials  supplied  unless  he  deposits  with  the  Contractor 
from  time  to  time  sufficient  funds  to  meet  the  payment  of  bills 
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on  which  discounts  may  be  taken.  AH  funds  so  deposited  shall 
be  credited  upon  the  statement  covering  the  period  for  which 
they  apply. 

The  Owner  may  purchase  or  furnish  any  materials  required 
lor  the  work,  but  should  he  do  so,  he  shall  do  it  in  a  manner 
that  will  not  delay  tho  Contractor  in  the  execution  of  the  work, 
and  any  materials  so  furnished  by  the  Owner  s-hall  be  consid- 
ered as  a  part  of  the  Actual  Cost  of  Construction  upon  which 
the  Contractor  shall  be  entitled  to  receive  his  percc-Titage  of 
compensation   as   hereinbefore   provided. 

Article  6.  Rental  charges,  per  day,  for  equipment  as  mem- 
tioned   in   this   contract. 

Automobiles^ 

6-cylinder    closed    cars    $15.00 

Ford  and  light  4-cylinder ; 5.00 

6-cylinder     10.00 

1,200-lb.    Overland   deliveries    10.00 

Trucks,    2-ton    20.00 

Trucks,  3%-ton  Duplex  30.00 

Trailers,  5-ton  Troy  10.00 

Buckets- 
Tipple  and  bottom  dump 25 

Orange  peel,    %  and  1-yd 3.50 

Orange  peel,   less   than   %  -yd 2.00 

Clamshell,    1-yd 2.00 

Boring  Machines — 

Pneumatic    50 

Electric    - 50 

Back    filler,    power   driven 5.00 

Boiler  and  3-drum  engine 3.50 

Boiler  and   2-drum  engine 3.00 

Boiler  and  1-drum  engine 2.50 

Boiler  onlv,  30  H.P.  and  smaller 1.50 

Boiler  only,  30  to  80  H.P 2.00 

Cars — 

Skip,    iy;:-yd 25 

Skip,   3-yd 50 

Steel.    1-yd.    and   smaller 15 

Wooden,    4-yd 25 

Wooden,    6-yd 75 

Wooden.    12-yd 2.00 

Wooden,  1-yd.  hopper  radial  gate 25 

Crusher   only    2.00 

Crusher  with   elevator  and   screen. 3.00 

Compre-ssors.  large  sizes,  special  sizes — 

10x10    with   steam   engine 2.50 

Sx8    belt    driven    1-00 

Small,   with  gasoline  engine  on  wheels.  5.00 

Large,   with  gas  engine   on  wheels 10.00 

Westinghouse,    9%-in.,    single    action 1.00 

Westinghouse     cross-compound     i. 2.00 

Counterweight    drum     -50 

Cutter,   bar   portable,   with   motor 2.50 

Drill   rig.    auto   traction 10.00 

Drill,  small   air    ^-50 

Drill,  steam     J-OO 

Diving  outfit   with  pump 10.00 

Derricks — 

60   to    S5-ft.    wooden 2.00 

30    to    59-ft.    wooden 1-60 

Less   than   30-tt.   wooden 100 

Breast    |= 

Circle   swing    -25 

Steel,    SO  ,to   90-f t 3.60 

Klevator,    platform    or   bucket 25 

Elevator  with  bins  for  concrete. .  .  nn'nn 

Excavator,    Keystone   No.    3 30.00 

Engines— 

Skeleton,  3-drum    f -00 

Skeleton,   2-drum    l-»0 

Skeleton,   1-drum.    J-"X 

Steam  horizontal.   11  to  40  H.P 1-50 

Steam  upright  to  10  H.P =0 

Gasoline   to   8  H.P -50 

Gasoline   to   10   H.P J-JO 

2-drum   with   electric   motor '•«" 

Derrick    swinging    °" 

Hammers,    riveting    -^^ 

Hod    elevatins    machine,    hand   power l-U" 

Leveling   instrument,    engineer's    f^ 

Locomotive,    36-in.    dinkey »•"" 

Locomotive,   standard  gauge  saddle  tank lo-"" 

Mixers —  .  .. 

With  boiler  and  side  loader J-JJU 

With  boiler 


With   electric   motor   to  1-yd ^-OJ 


2.00 


Without    boiler,    less   than   1-yd 

Without  boiler.  1-yd 

With    gasoline    engine 

Motorcycle     

Motors —  ,  r 

2  H.P y 

5  H.P i^ 

10  H.P 1-=^ 

25  H.P Ill 

50  H.P ; ''■"" 

Other  sizes  at  $1  per  H.P.  per  month. 

Pumps.  Centrifugal —  „  „„ 

10-in.  belt  driven    J-™ 

10-in.  with  motor  attach.-'                           ^-0" 

8-in.  steam  connected                                   ^-"Jj 

6-in.  steam  connected   J-?^ 

.      4-in.  steam  connected    '■'" 

Duplex    and    triplex    to   3-in ™ 

Pulsometer   to    4-in ,  •"» 

■With   gasoline   engine    '■■^^ 


1.00 


Pile  Hammers — 

Steam,    up   to  2,500   lb 3  00 

Steam,  larger  than  2,500  lb 5.00 

Rail,    per   ton    lo 

Roller,    horse    1.00 

Steam   roller    8.00 

Steam    shovels,    revolving    traction 30.00 

Saw  benches,  plain    25 

Saw  benches,  plain,  with  motor  or  gas  engine 50 

Saws — 

Table,  railway  cutoff   1.50 

Automatic    feed    50 

Swing    cutoff    25 

Eliot  woodworker  with  motor 1.50 

Band,  for  iron  5.00 

4-wheel   road    1.00 

Wheel,    1-yd 50 

Scale    boxes    25 

Sprinkling  cart    1.00 

Trench    diggers     30.00 

Transits    50 

Article  7.  The  Contractor  shall  take  all  reasonable  precau- 
tions to  protect  his  own,  the  Owner's,  and  adjacent  property 
from  injury  in  connection  with  the  execution  of  this  contract, 
but  does  not  assume  responsibility  to  make  good,  without  cost 
to  the  Owner,  work  that  is  defective  or  damaged  and  damages 
to  property  except  such  as  is  the  result  of  negligence — lack  of  a 
reasonable  amount  of  care  under  ordinary  circumstance — of  the 
Contractor  or  his  employes.  Defective  or  damaged  work  for 
which  a  subcontractor  is  responsible  shall  be  made  good  by  the 
Subcontractor,  without  expense  to  the  Owner,  in  accordance 
with   the   terms  of  the   Subcontracts. 

Article  8.  All  questions  in  dispute  between  the  parties  of 
whatever  nature  the  same  may  be,  including  the  interpretation 
of  the  Contract  documents,  shall  be  determined  as  provided  bv 
Articles  10  and   45   of  the  General  Conditions  of  the  Contract. 


1,427  Ships  Now  Under  Construction  or 
Contract 

Interesting  information  on  the  progress  in  ship- 
building in  this  country  was  brought  out  last  week 
at  the  senatorial  investigation  of  the  shipping  board, 
the  emergency  fleet  corporation.  Ships  to  the  number 
of  1,427  of  8,573,108  dead  weight  tons  are  under  con- 
struction and  under  contract.  Of  these  996  are  new 
fhips  contracted  for  by  the  emergency  fleet  corpora- 
tion and  431  were  already  under  construction  for  pri- 
vate or  foreign  owners  when  the  commandeering 
order  went  into  effect  Aug  3.  On  July  27  there  were 
under  contract  840,900  tons  of  wooden  ships,  207,000 
tons  of  composite  ships,  and  .587,000  tons  of  steel 
ships.  Since  then  additional  contracts  amounting  to 
3,378,200  tons  of  steel  ships  and  504,000  tons  of  wood- 
en ships  have  been  placed.  In  addition  the  fleet  cor- 
poration has  rendered  financial  aid  to  and  is  directing 
the  work  of  extension  and  development  in  42  yards. 
The  remaining  new  yards  are  being  constructed  by 
private  capital.  The  contracts  of  the  emergency  fleet 
corporation  have  been  let  to  110  shipyards,  of  which 
36  existed  on  Jan.  1,  1917,  and  74  have  been  created 
since.  The  emergency  fleet  corporation  has  requisi- 
tioned vessels  which  are  building  in  22  shipyards  in 
addition  to  the  above,  so  that  the  fleet  corporation  is 
at  present  controlling  work  in  132  yards,  of  which  58 
are  old  and  74  are  new. 


Diaphragm 

Diaphragm  with  gas  engin" i-^" 

Triplex    with    belt    drive  -" 


At  a  meeting  of  the  Washington  Chapter  of  the 
American  Association  of  Engineers  on  Dec.  14,  the 
following  oflScers  were  elected:  F.  R.  Weller,  Consult- 
ing Engineer,  President;  A.  S.  Grossberg,  Chief  De- 
i-igner.  Bureau  Yards  &  Docks,  First  Vice-President; 
Harry  Stevens,  Consulting  Engineer.  Second  Vice- 
President;  Capt.  D.  S.  Hays,  Engineer  Corps,  U.  S.  A., 
Secretary;  O.  M.  Sutherland,  Mechanical  Engineer, 
Bureau  Yards  and  Docks,  Treasurer.  The  total  num- 
ber of  members  in  Washington  to  date  is  100.  The 
Association  is  a  member  of  the  Chamber  of  Commerce 
of  the  United  States  of  America  and  is  co-operating 
with  all  the  Chambers  of  Commerce  throughout  the 
country. 
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The    Construction    of    Industrial 

Villages  — A  New   Field    for 

Large  Building  Contracts 

One  of  the  prime  causes  for  the  shifting  population 
and  large  labor  turnover  of  many  industrial  plants  is 
the  utterly  inadequate  housing  facilities  available  for 
the  workmen.  Some  manufacturers  have  begun  to 
take  notice  of  this  fact  and  as  a  consequence  several 
extensive  housing  developments  have  been  undertaken 
recently.  This  work  has  opened  up  a  new  field  for 
building  contracts,  which  already  is  being  developed 
by  a  number  of  large  contracting  organizations.  An 
interesting  paper  on  industrial  housing  problems, 
prepared  by  Mr.  Leslie  H.  Allen  of  the  Aberthaw  Con- 
.struction  Co.,  Boston,  Mass.,  has  been  issued  recently 
by  that  company.  The  following  notes  are  extracted 
from  the  paper: 

When  the  manufacturer  has  decided  to  build,  he  is 
faced  with  the  problem  of  selecting  the  type  of  house 
he  shall  build,  its  size,  number  of  rooms,  materials  of 
(.onstruction,  amount  of  land  per  house,  and  so  on. 
On  these  subjects  there  are  as  many  differences  of 
opinion  as  there  are  experts  studying  them. 

In  order  to  arrive  at  some  working  basis  to  govern 
the  laying  out  of  new  work,  it  will  be  well  to  consider 
the  essential  needs  of  a  workman's  family  in  the  light 
of  present-day  needs. 

It  must  first  be  recognized  that  we  have  two  classes 
of  workmen  to  be  considered:  (1)  The  unskilled 
workmen,  mostly  foreigners  or  negroes,  uneducated, 
unused  to  American  houses  and  American  .standards 
of  living,  earning  a  very  low  wage,  and  (2)  the  skilled 
men,  mechanics,  machinists,  etc.,  earning  a  higher 
wage,  mostly  Americans,  living  according  to  American 
standards,  demanding  and  willing  to  pay  more  for  the 
comforts  that  the  foreigner  does  not  consider  essen- 
tial. The  result  of  a  failure  to  distinguish  these  two 
classes  is  that  at  the  present  time  nearly  all  the  houses 
built  are  American  houses  for  skilled  workmen,  and 
the  need  for  better  houses  for  unskilled  labor  has  re- 
mained unsatisfied,  resulting  in  overcrowding  getting 
worse  and  worse.  Here  and  there,  as  in  Philadelphia 
and  Washington,  a  most  excellent  attempt  has  been 
made  to  solve  the  problem  of  housing  the  unskilled, 
low-paid  workman.  Such  examples  have  not  been 
copied,  and  only  serve  to  show  up  more  sharply  the 
mistakes  of  other  cities. 

The  essentials  of  a  modern  city  house  may  be  sum- 
marized as  follows: 

Watertight  roof,  walls  and  floors. 

Bedroom  for  parents. 

Bedroom  for  male  children. 

Bedroom  for  female  children. 

Living-room  for  cooking,  eating  and  general  day 
use. 

Private  toilet-room  with  sanitary  water-closet  and 
sewer  connection. 
'■Suitable  heating  arrangements. 

Running  water  supply  fit  for  drinking. 

Uninterrupted  daylight  and  ventilation  through 
windows  in  every  room. 

Sink  in  kitchen,  v/ith  running  water  and  waste. 

Further  additions  required  by  the  Amei'ican  family 
and  considered  necessary  by  them: 

Cellars. 

Closets. 
.    Bathtub  with  running  water. 

Window  screens. 

Separate  parlor. 


Desirable  improvements  which  usually  are  added ; 

Porches  and  piazzas. 

Lavatory  bowl. 

Hot-water  supply  to  bath  and  bowl. 

Window  shades. 

Window  blinds. 

Dining-room  separate  from  parlor  or  kitchen. 

Electric  lighting  or  gas  piping. 

Wall-paper. 

Laundry  tubs. 

Any  attempt  such  as  the  above  to  divide  essentials 
from  luxuries  must  come  in  for  a  good  deal  of  crit- 
icism, as  there  is  bound  to  be  a  difference  of  opinion 
upon  the  details  of  such  a  list.  The  classifications 
suggested  will  at  least  serve  to  indicate  the  lines  upon 
which  the  planning  of  a  house  should  be  studied  in 
view  of  the  need  for  strict  economy  in  designing  and 
building  necessary  to  bring  buildings  down  to  a  cost 
that  will  be  remunerative. 

It  is  generally  agreed  by  economists  that  the  work- 
ingman  cannot  afford  to  pay  more  than  one-quarter 
of  his  monthly  wage  in  rent.  This  means  that  the 
man  earning  an  average  of  $12.50  a  week  cannot  af- 
ford to  pay  more  than  $150  per  annum.  Assuming 
that  a  housing  operation  ought  to  pay  at  least  10  per 
cent  gross  per  annum,  this  gives  $1,500  for  purchase 
of  lot  with  sewer  and  street  improvements  and  the 
building  of  a  house.  At  the  present  time  a  4-room 
house  of  good  construction  cannot  be  built  for  this 
money  and  it  is  therefore  necessary  to  plan  with  the 
very  strictest  economy. 

The  various  types  of  houses  now  in  use  are  as  fol- 
lows : 

(A)  Single  houses  of  5  to  7  rooms. 

(B)  Two-family  houses  of  4  to  7  rooms. ' 

(C)  Terrace  or  row  houses  of  4  rooms  and  up. 

(D)  Apartment-houses     or    tenements,     2     rooms 

and  up. 

(E)  Boarding-houses  for  single  men. 

(F)  Hotels. 

The  single  house  is  the  ideal  residence  for  the 
American  family,  but  is  beyond  the  means  of  the  low- 
paid  unskilled  workman.  A  single  house  with  five 
or  six  rooms  with  3,000  ft.  of  land  cannot  be  built  for 
less  than  $3,000  except  in  the  cheapest  kind  of  frame 
construction,  and  even  at  this  price  it  would  call  for 
a  higher  rental  than  he  can  afford  to  pay.  For  higher- 
paid  men  in  the  plant  the  single  house  is  very  de- 
sirable. 

The  2-family  house  is  often  built  for  workers  who 
wish  to  purchase  their  home.  Though  not  suitable 
for  the  unskilled  worker,  they  are  quite  attractive  to 
higher-paid  men  who  like  to  buy  a  2-famiIy  house  so 
that  the  rental  received  from  one-half  of  the  house 
will  help  to  pay  the  carrying  charges  and  amortiza- 
tion of  the  whole  house.  In  some  cases  these  are  built 
side  by  side  with  a  party  wall  and  in  some  cases  one 
tenement  is  built  above  the  other.  The  first-named 
is  preferable,  as  there  is  more  privacy. 

One  of  the  most  successful  houses  for  the  unskilled 
worker  is  that  known  as  the  "Philadelphia"  type  of 
house,  of  which  many  thousands  have  been  built  in 
Philadelphia,  Washington,  and  other  large  cities.  The 
typical  4-room  Philadelphia  house  is  two  rooms  deep 
and  has  a  living-room  and  kitchen  dowpstairs,  two 
bedrooms  and  bath  upstairs.  It  is  built  in  long  rows 
or  terraces  with  party  walls  in  between.  These  can 
be  built  on  as  narrow  a  frontage  as  13  ft.  6  in.  (a  15- 
ft.  frontage  is  desirable)  on  a  lot  of  900  sq.  ft.  The 
cost  of  both  land  and  building  is  much  lower  than 
the  preceding  type.    Houses  built  when   prices  were 
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normal  have  been  rented  for  as  low  as  $12  a  month 
and  have  shown  a  fair  profit. 

The  building  of  houses  in  terraces  is  comparatively 
new  in  this  country  except  in  Philadelphia,  although 
it  is  very  common  in  European  countries.  It  allows 
for  a  very  little  land  per  house  unless  the  lots  are 
very  deep,  but  is  desirable  in  many  other  ways.  Each 
family  has  a  direct  entrance  from  the  street  without 
any  common  hallway  and  is  not  interfered  with  by 
other  tenants  overhead.  The  cost  of  heating  the 
house  is  less  owing  to  there  being  fewer  outside 
walls.  In  a  house  two  rooms  deep  each  room  has  a 
proper  amount  of  light  and  ventilation,  and  these 
houses  have  proved  very  successful  wherever  they 
have  been   used. 

A  recent  variation  of  this  type  of  house  is  the  3- 
room  2-familj'  terrace  house  with  one  family  on  each 
floor.  These  are  generally  in  demand  by  married 
couples  without  children. 

The  multiple  dwelling  or  tenement  house,  housing 
from  10  to  50  or  more  families,  is  undesirable  from 
many  points  of  view,  and  yet  in  crowded  cities  where 
land  values  are  high,  it  is  practically  the  only  solution. 
Apartments  of  all  sizes  can  be  provided,  the  most 
common  arrangements  being  3  rooms  (kitchen,  liv- 
ing-room and  bedroom),  or  4  rooms  (kitchen,  living- 
room  and  2  bedrooms).  Each  partment  should 
have  its  own  private  toilet  and  its  own  water  supply. 
Although  city  laws  do  not  in  every  case  require  it, 
multiple  dwellings  ought  in  every  case  to  have  fire- 
proof stairways  and  fireproof  cellars,  and  care  should 
be  taken  to  see  that  every  room  and  also  the  halls 
and  stairs  are  properly  lighted.  In  English  cities 
the  stairs  are  often  built  outside  the  building  and 
each  apartment  is  approached  from  balconies.  This 
is  in  many  respects  a  good  way  of  building,  and  has 
been  copied  here  in  a  few  New  York  City  buildings. 
This  type  of  plan  eliminates  the  common  hall  and  in- 
side stairs,  which  are  frequently  dark  and  difficult 
to  keep  clean  and  supervise. 

There  is  always  some  demand  in  a  large  manufac- 
turing center  for  small  apartment  houses  of  2  or  3 
rooms  with  bath,  etc.,  for  married  couples  without 
children.  They  are  not  so  desirable  as  homes  for 
the  workingman,  and  yet  there  are  some  mechanics 
who  prefer  them  just  as  so  many  well-to-do  people  in 
our  cities  are  content  with  and  prefer  this  class  of 
dwelling. 

In  rural  districts  many  mills  have  built  small 
boarding-houses  large  enough  to  take  care  of  from 
eight  to  a  dozen  boarders.  The  advantages  of  a  small 
boarding-house  are  that  one  man  and  his  wife  can 
run  them,  and  the  mill  has  no  further  responsibility. 
The  men  also  prefer  this  sort  of  lodging  to  big  com- 
pany houses.  The  big  disadvantage  is  that  it  is  diffi- 
cult to  exercise  any  supervision  over  this  sort  of 
boarding-house,  and  they  may  be  misused  or  over- 
crowded.    This  far  outweighs  its  advantages. 

The  old  style  of  mill  boarding-house  or  hotel  tak- 
ing in  a  large  number  of  employes  has  gone  some- 
what into  disfavor.  Under  proper  regulations  this 
is  a  much  better  method  of  housing  than  in  boarding- 
houses  or  by  allowing  the  families  to  take  lodgers, 
but  it  is  difficult  to  popularize  it  among  the  men.  It 
will  generally  be  found  that  the  single  worker  prefers 
to  lodge  with  a  private  family  if  he  can  possibly  do 
so,  but  if  this  is  impossible  or  if  he  is  prevented  by 
the  owner  and  can  be  induced  to  take  up  his  quarters 
in  a  large  boarding-house,  he  can  be  very  comfortably 
housed  at  a  very  moderate  cost.  One  that  we  have 
recently  built  takes  care  of  60  men  at  a  charge  of 


$1.50  per  man  per  week.  This  building  has  a  large 
dining-room  and  kitchen,  etc.,  board  being  furnished 
at  moderate  cost. 

The  good  points  of  the  boarding-house  for  50  to 
60  men  are  that  one  efficient  married  couple  with 
three  servants  can  run  the  place  without  difficulty. 
A  higher  type  of  tenant  is  required  to  handle  a  prop- 
osition of  this  kind,  but  they  can  be  secured  fairly 
readily.  It  is  easier  to  arrange  for  proper  inspection 
and  supervision,  as  in  most  cases,  these  are  run  as 
"company  houses." 

A  boarding-house  for  more  than  60  is  too  big  a 
proposition  to  be  handled  this  way,  and  would  have 
to  be  run  like  a  hotel  with  a  manager  and  regular 
hotel  staff. 

In  London  (England)  and  in  Liverpool,  the  Rowton 
House  Trust  and  other  organizations  have  been  op- 
erating hotels  for  500  or  more  single  men  successfully 
for  many  years,  but  up  to  the  present  time  none  have 
been  built  in  American  manufacturing  centers. 

There  should  be  in  every  home  enough  bedrooms 
for  the  parents  and  the  children  of  either  sex  to  sleep 
apart.  A  good-sized  bedroom  should  be  provided  for 
parents  (and  infant  children)  and  two  smaller  bed- 
rooms, large  enough  to  accommodate  two  persons 
each  for  the  other  children.  All  families,  of  course, 
are  not  of  the  same  size,  and  some  larger  and  smaller 
houses  will  be  needed;  but  as  a  rule  it  will  be  found 
that  the  larger  demand  is  for  the  4-room,  5-room  and 
6-room  houses. 

It  seems  to  be  a  matter  of  habit  in  many  quarters 
to  build  nothing  but  6-room  houses;  this  is  a  manifest 
hardship  to  those  who  do  not  need  so  many  rooms. 
If  a  man  cannot  afford  to  rent  a  6-room  house  and 
does  not  need  the  accommodations  and  yet  finds  that 
the  6-room  house  is  the  only  accommodation  he  can 
gain,  he  has  to  take  in  lodgers  to  help  pay  the  rent. 
From  the  social  standpoint  the  lodger  is  generally 
considered  to  be  a  menace  and  an  unmixed  evil.  We 
have  found  that  where  we  built  4-room  houses  these 
were  often  taken  up  first  of  all  by  the  employes. 

Where  houses  are  built  to  sell,  however,  there  is 
not  so  much  demand  for  the  smaller  houses  and  the 
6-room  house  is  as  a  rule  the  smallest  house  that 
one  can  count  upon  selling  without  diflSculty. 

The  size  of  the  bedroom  should  be  sufl!icient  to  give 
at  least  400  cu.  ft.  of  air  space  per  inmate.  All  bed- 
rooms should  open  onto  a  hall  and  not  into  each  other 
or  into  a  living-room. 

Next,  there  must  be  provided  at  least  one  living- 
room  (having  an  area  of  not  less  than  135  sq.  ft.)  for 
working,  eating,  washing,  and  general  use.  There  is 
much  controversy  on  the  sub.iect  of  separate  dining- 
rooms  and  separate  parlors,  which  add  much  to  the 
attractiveness  of  the  house,  but  also  to  its  expense, 
and  it  is  not  always  possible  to  provide  them  for  the 
unskilled  laborer. 

The  foreigner  does  not  use  a  kitchen,  dining-room 
and  parlor;  what  he  needs  is  one  large  kitchen.  It 
is  found  that  where  three  living  rooms  are  provided, 
two  of  them  are  invariably  used  as  bedrooms  for  the 
lodgers.  It  is  the  habit  of  most  foreigners  and  in- 
deed of  many  Americans  to  live  in  their  kitchens,  and 
this  room  should  be  large  and  well-lighted  and  ven- 
tilated. 

The  toilet-room  must  be  planned  so  that  it  does 
not  open  directly  into  a  living-room  or  bedroom,  but 
off  the  stairs  if  possible. 

There  is  no  justification  at  the  present  day  for  the 
existence  of  the  old-style  out-closets  or  privies. 
Water-closets   connected  to  cesspools   are   sometimes' 
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satisfactory,  but  are  very  undesirable,  especially  in  walls,   stuccoed   outside   and   furred  and   lathed   and 

cities.    It  is  much  wiser  to  figure  on  the  construction  plastered  inside.     The  forms,   however,  give  such   a 

of  a  sewer  at  the  time  the  house  is  built,  as  cesspools,  smooth  surface  that  it  is  inten'ded  on  the  ne.xt  job 

unless  properly  looked  after,  are  a  potential  source  of  to  leave  tiie  concrete  exterior  surface  bare,  rubbing 

danger  to  the  water  supply  and  a  menace  to  the  pub-  any  irregularities  and  leaving  a  smooth  concrete  sur- 

lic  health.                                     .  face  of  even  texture  and  color. 

Some  comment  will  naturally  be  made  on  the  sug-  Although  no  exact  cost  data  can  be  given  at  the 
gested  omission  of  the  cellar.  We  are  told  that  the  present  time  on  the  foregoing  material,  the  follow- 
family  needs  a  cellar  for  the  storage  of  coal  and  ing  figures  are,  however,  given  in  order  to  indicate 
canned  fruit,  and  that  it  costs  no  more  to  build  it  than  the  relative  costs  of  these  materials  based  on  pres- 
to leave  it  out,  as  the  foundation  walls  are  the  same  ent  prices.  As  prices  do  not  vary  consistently,  these 
in  either  case.  The  laborer  to  too  poor  to  buy  figures  may  not  hold  good  for  very  long.  In  certain 
more  than  200  or  300  lb.  of  coal  at  a  time,  and  never  localities  where  clay  for  tile-making  is  abundant  the 
lays  in  stocks  of  food  in  advance;  instead  of  this  we  prices  of  tile  would  be  cheap  and  would  indicate  that 
usually  find  in  his  cellar  a  miscellaneous  assortment  this  is  the  cheapest  material  to  use.  In  other  places 
of  most  insanitary  rubbish  and  junk,  which  is  not  where  there  is  a  good  gravel  supply  right  on  the 
only  undesirable  but  constitutes  a  serious  fire  men-  ground  the  relative  cost  of  concrete  would  be  reduced, 
ace.  Statistics  show  that  over  80  per  cent  of  dwel-  Assuming  the  cheape.st  construction,  a  wood  fram- 
ling-house  fires  start  in  the  cellar  in  such  rubbish  ing,  wood  lathed  and  plastered  on  the  inside  and 
Pil^s-  rough   boarded  and  shingled  on  the   outside,   as  our 

The  argument  that  it  costs  no  more  is  nearly  true  standard  or  100  per  cent,  the  relative  costs  of  various 

where  sand  and  gravel  soils  are  encountered,  but  in  houses  would  be  as  follows: 

clay   or  other  hard   digging  the   extra   cost   of   digging  wood  framing,   inside  wood  lathed  and  plastered,  outside 

the  cellar  mounts   up  considerably.     Cellars  are  not  rough  boarded  and  ciapboarded  and  painted  .........     102% 

,     ,    „         .                   *^     ,              ,           -^  Wood    framing,    mside    wood    lathed    and    plastered,    out- 
needed  lor  furnaces  where  the  tenant  cannot  afford  side  wire  lathed  and  stuccoed   ios%% 

the  fuel  for  them  but  derives  his  heat  from  his  kitchen  ^''JlnsZ'^luhbJtsr^oolh^^!'.".^.^^                                       112% 

stove.  6-in.    concrete   wall,   inside   furred   and    lathed    and   plas- 

,,,,             .1             11         ■              -ii     1                           1         ,  ,    ,        ,    „,  tered.    outside    stuccoed    116% 

Where   the   cellar   is   omitted  a   space   should   be   left  S-m.  hollow  tile.  inside  plastered  direct,  outside  stuccoed.   111% 

under  the   floor    vpntilatpd    hv   o-rntino-s   in   the  niiteirlo  ^"'"-  brick  wall,  inside  furred  and  lathed  and  plastered...  115^4% 

uiiuei    Liie   iioor,   veniuaiea    oy   graiings  in  tne  OUtSiae  ^^cod    framing,   veneered   with   4-in.   brick,    inside   lathed 

walls  which  can  be  closed  in  cold  weather.  and  plastered  113% 

In  houses  of  this  class  the  tenant  usually  furnishes  Until  quite  recently  small  house  construction  has 
his  own  stove,  and  as  his  stove  has  no  hot-water  been  entirely  in  the  hands  of  the  local  builder,  op- 
front,  a  system  of  hot-water  piping  is  of  no  use  to  crating  on  a  small  scale.  During  the  past  year,  how- 
him.  Some  owners  prefer  to  install  the  stove  with  ever,  with  the  institution  of  several  large  housing 
water  front  and  hot-water  piping  in  spite  of  the  in-  developments  in  which  speed  of  construction  and  dura- 
creased  cost  of  the  house,  but  all  these  things  help  bility  of  workmanship  were  important  essentials, 
to  put  up  the  cost  and  the  resultant  rent  to  a  figure  large  contracting  organizations  have  taken  up  this 
higher  than  the  tenant  can  afford.  For  the  same  class  of  work,  so  that  the  manufacturer  can  now  get 
reasons  washbowls  in  the  bath-room,  and  laundry  the  same  kind  of  service  in  his  house  construction 
tubs,  though  useful,  are  not  necessities.  There  as  he  has  been  accustomed  to  get  in  his  plant  con- 
should,  however,  be  an  enameled  iron  sink  in  the  ptruction  contracts.  A  good  deal  of  economy  is  al- 
kitchen,  and  a  bathtub  should  be  provided  even  if  ways  gained  when  a  large  number  of  houses  are  built 
t^e  tenant  has  not  learned  how  to  use  it.  There  at  one  time  by  one  contractor.  The  money  saved  by 
should  be  a  proper  supply  of  running  water,  pure,  purchasing  direct  from  manufacturing  firms  in  car- 
and  fit  for  drinking,  and  a  water-closet  connected  load  lots  rather  than  in  team-loads  from  a  local 
with  the  sewer,  and  a  cast-iron  enameled  bath.  dealer,  the  continuous  employment  of  large  gangs  of 
Very  little  change  has  been  made  in  recent  years  men,  the  taking  of  cash  discounts  and  other  econo- 
in  construction  methods  and  materials,  the  chief  al-.  mies  practiced  by  big  contracting  organizations  are 
teration  being  towards  the  reduction  of  fire  risks  and  quite  a  help  in  reducing  costs. 

conflagration  hazards.  When  the  whole  development  is  under  the  control 
The  standard  form  of  wall  construction  for  rural  of  one  responsible  contractor,  the  disappointments 
districts  continues  to  be  wooden  framing.  Where  so  often  experienced  of  houses  built  but  roads  not 
city  laws  do  not  forbid  it,  this  is  used  in  the  cities,  ^finished  or  sewers  not  completed  are  avoided.  The 
The  frame  is  usually  lathed  and  plastered  inside  and  'grade  of  workmanship  is  better  and  the  work  is  fin- 
covered  with  rough  boarding  paper  and  shingles  or  ished  promptly  instead  of  being  allowed  to  drag  far 
clapboards  outside.     Cement   stucco  on  wire   lath   is  beyond  the  scheduled  contract  time. 

coming  into  vogue  for  exterior  finish — at  a  slightly  

higher  cost;  this  when  put  on  satisfactorily  requires  Charles  W.   Parks,  civil  engineer  in  the  navy,  has 

less  maintenance  and  no  repainting,  but  requires  e.\-  been  nominated  by  President  Wilson  to  be  chief  of  the 

pert  workmen  to  make  a  satisfactory  job.    In  a  few  bureau  of  yards  and  docks  for  a  four-year  term,  with 

cities  brick  walls  are  more   frequently  used,  furred  the   rank   of   rear  admiral.     Mr.   Parks  will   succeed 

on  the  inside  and  lathed  and  plastered.    A  few  houses  .Rear   Admiral    Frederick    R.    Harris,    detached    from 

here  and  there  have  been  built  with  hollow  tile,  stuc-  that  position  to  become  general  manager  of  the  emer- 

coed  outside  and  plastered  inside  directly  on  the  tile;  gency  fleet  corporation,   which  position  he   now   has 

and   some   experiments   have   been   made  in   concrete  resigned. 

houses,    although    nowhere    yet   has    Edison's    dream  ■ 

been  realized.     The  most  noteworthy  instance  of  con-  Waltham,  Mass.,  on  Dec.  18  held  its  first  election 

Crete  houses  are  the  hundred  houses  at  Donora,  Pa.,  since    the    adoption    of   the    city    manager    plan.      A 

built  for  the  American  Steel  &  Wire  Co.  by  the  Aber-  council  of  5  was  elected.    This  council  will  appoint  a 

Ihaw    Construction    Co.      These     houses,     built   with  city  manager  who  will  have  charge  of  all  the  different 

Lambie   steel    forms,   have   6-in.    reinforced   concrete  departments  of  the  city.    George  R.  Beal  is  the  mayor. 
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Progress  in  Reinforced   Concrete 
Ship  Building 

The  first  self  propelled  concrete  ship  built  on  this 
side  of  the  Atlantic  was  launched  Nov.  14,  at  Montreal, 
Que.  This  vessel  was  constructed  by  the  Atlas  Con- 
struction Co.,  Ltd.,  Montreal,  Que.,  of  which  Mr. 
Charles  M.  Morssen  is  president.  This  ship  is  single 
screw  steamer.  It  has  structural  steel  ribs  and  keel 
and  a  reinforced  concrete  hull.  It  is  126  ft.  long  be- 
tween perpendiculars,  22i-.>  ft.  beam,  with  a  depth  of 
121/4  ft.  The  concrete  shell  varies  in  thickness  from 
3  in.  to  5  in.  between  ribs  which  are  27  in.  apart.  The 
displacement  is  about  650  tons,  and  the  carrying  ca- 
pacity will  be  about  300  tons.  The  boilers  and  engines 
are  now  being  installed.  This  boat  is  intended  for 
service  on  the  lakes.  The  accompanying  eight  views 
show  various  stages  of  progress  in  the  construction  of 
this  concrete  ship. 

A  ship  of  about  5,000  tons  carrying  capacity  is  now 
being  built  at  Redwood  City,  Cal.,  by  the  San  Fran- 
cisco Shipbuilding  Co.,  under  plans  developed  by  Allan 
McDonald  of  McDonald  &  Kahn,  San  Francisco.  This 
ship  will  be  320  ft.  long,  441/2  ft. 
beam  and  30  ft.  deep.  At  24  ft. 
draft  the  displacement  is  said  to 
be  8,000  tons.  The  weight  of  the 
hull  is  stated  to  be  2200  tons. 
Turbine  engines  of  2500  h.-p. 
equipped  with  reduction  gears  will 
furnish  the  motive  power.  In  con- 
structing this  vessel  the  rein- 
forcement was  welded  together, 
thus  reducing  to  a  minimum  the 
quantity  of  steel  required.  This 
is  the  largest  concrete  ship  now 
under  construction.  It  is  expected 
the  work  will  be  finished  so  that 
the  launching  can  take  place  early 
in  1918. 

In  Norway  two  different  com- 
panies are  building  ships  of  con- 
crete. The  Porsgrund  Cement 
Casting  Works,  Porsgrund,  Nor- 
way, launched  a  200-ton  motor 
lighter  last  August,  and  is  re- 
ported to  have  under  construction 
a  ship  of  1,000  tons  cargo  capacity. 
The  design  of  the  Porsgrund  ship 
follows  generally  that  of  a  framed 
steel  ship.  The  general  structure 
is  a  series  of  transverse  ribs  with 
a  thin  shell.  The  boats  are  built 
bottom  up,  an  internal  mold  being 
used  which  is  made  in  units  that 
can  be  taken  apart  readily  and  re- 
assembled. The  vessel  is  launched 
in  the  same  position  in  which  it  is 
built — bottom  up — and  by  taking 
advantage  through  special  ar- 
rangement of  interior  compart- 
ments, a  small  amount  of  water  is 
admitted  so  that  the  vessel  soon 
after  being  launched  rights  itself. 
Jens  Hauland  is  vice  president 
and  general  manager  of  the  Pors- 
grund company.  The  other  Nor- 
wegian company  —  the  Fougner 
Steel  Concrete  Ship  Building  Co. 
of  Christiania — has  been  building 


vessels  since  June,  1916.  During  this  time  the  com- 
pany has  launched  about  18  reinforced  concrete  ships 
and  has  several  others  under  construction.  The  ves- 
sels now  on  the  ways  of  this  company  include  two 
1600-ton  capacity  power  driven  seagoing  vessels.  It 
is  expected  these  will  be  launched  early  in  1918.  The 
company  has  also  laid  the  keel  for  a  4000-ton  ore 
carrying  boat.  This  will  be  254  ft.  long,  40  ft.  wide, 
and  will  have  a  19^2  ft.  draft.  It  will  be  equipped 
with  two  300  h.-p.  Diesel  engines.  The  1600-ton  boat 
is  172  ft.  long,  31  ft.  wide,  and  18  ft.  high,  with  a_draft 
of  151/2  ft. 

The  Fougner  company  launched  its  first  seagoing 
concrete  boat — the  "Namsenfjord" — late  last  summer. 
This  vessel  made  a  round  trip  from  Norway  to  Eng- 
land and  is  now  in  service  in  coast  traffic  in  the  first 
mentioned  country.     After  extensive  trials  in  rough 


A  Concrete  Ship  in  the  Making 

Views    Showing    Progress    in    Construction    of   the    Concrete    Ship 
Built   by   the   Atlas    Construction    Co.,    Ltd..    Montreal.    Que. 
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sea  water  the  ship  received  a 
Class  A-1  rating  from  Lloyds. 
This  vessel  is  84  ft.  long,  20  ft. 
vifide  and  11%  ft.  deep,  with  a 
draft  of  9^  -2  ft.  The  appro.ximate 
displacement  is  400  tons.  The 
motive  power  is  an  80  h!-p.  Bolin- 
der  crude  oil  engine. 

The  "Namsenfjord"  has  a  rein- 
forced concrete  keelson  with  cross 
frames  of  reinforced  concrete  ev- 
ery 4  ft.  The  skin  is  3  in.  thick, 
of  concrete  reinforced  with  wire 
mesh  on  expanded  metal.  Precast 
concrete  plates  spanning  the  top 
of  the  tops  of  the  keel  frames  and 
jointed  over  them  provide  a  dou- 
ble bottom.  Watertight  compart- 
ments are  formed  by  concrete 
bulkheads,  reinforced  with  metal 
lath.  The  engine  bed  is  provided 
with  a  special  reinforcing  of 
longitudinal  and  cross  beams.  In 
the  construction  of  the  "Namen- 
fjord"  reinforcement  was  erected 
for  the  full  height  of  the  hull  and 
the  concrete  poured  in  between 
the  metal  lath,  which  served  as  a 
form.  The  outside  and  inside  of 
the  lath  was  then  plastered  to 
give  the  full  section. 

In  England  the  firm  of  James 
Pollock  &  Sons  Co.,  naval  archi- 
tects and  engineers,  London,  is  un- 
derstood to  be  constructing  sev- 
eral coasting  vessels  for  its  fleet 
of  Miramac  Motor  coasters.  The 
first  vessel  to  be  laid  down  is 
stated  to  have  a  length  of  92  ft., 
a  breadth  of  19  ft.  and  a  depth  of 
10  ft.  It  will  be  propelled  by  an 
internal  combustion  engine  of  the 
Bolinder  type  of  120  HP. 

The  development  of  self  pro- 
pelled concrete  cargo-carrying 
ships  has  taken  place  in  the  last 
two  years.  Concrete  barges,  scows 
and  pontoons,  however,  have  been 
built  for  many  years.  In  1887  the 
Fabrieck  van  Cement  Ijzer  Weiken 
of  Holland,  constructed  barges  up 
to  11  tons  capacity,  which  proved 
so  successful  that  the  plans  were 
extended  to  cover  the  building  of 
barges  64  ft.  long,  14  ft.  beam  and 
55  tons  capacity.  These  boats 
had  longitudinal  and  transverse 
bulkheads  spaced  approximately  6 
ft.  centers. 

In  1899  Carlo  Gabellini,  of 
Rome,  Italy,  began  the  construc- 
tion of  concrete  scows  and  barges. 
In  1905  he  built  a  150-ton  barge 
for  the  city  of  Civita  Vecchia  and 
in  the  following  year  he  construct- 
ed a  barge  for  the  military  harbor 
at  Spezzia  for  the  use  of  the 
Italian  Navy.  The  first  step  in 
laying  down  vessels  under  the 
Gabellini  method,  consists  of  plac- 
ing the  reinforcement  for  the  keel 


Reinforcing    in    Place    Sept.   21,    1917. 


Condition    of   the   Ship   on    Sept.   28,   1917. 


Construction    View    Taken    on    Oct.    10,    1917. 
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and  ribs,  usually  consisting  of 
round  steel  rods.  This  reinforce- 
ment is  then  covered  on  the  out- 
side with  14-in.  wire  mesh,  to 
which  a  1-in.  coat  of  cement  mor- 
tar is  applied  by  hand.  A  some- 
what thinner  coat  of  mortar  is 
then  placed  on  the  inside,  after 
which  the  ribs  and  keels  are 
placed  and  concrete  deposited  for 
these  parts  of  the  vessel.  Ribs 
run  longitudinally  and  transverse- 
ly and  over  them  a  ^s-in.  wire 
mesh  is  placed  with  a  thin  mortar 
covering  plastered  on.  Finally  a 
third  and  coarser  wire  mesh  is 
pressed  into  the  soft  mortar  and 
the  entire  surface  trowelled  over. 

A  concrete  barge  having  a  car- 
rying capacity  of  700  tons  is  now 
near  completion  at  New  York.  This 
barge  is  being  built  by  the  Louis 
L.  Brown  Co.,  New  York  City.  It 
will  be  112  ft.  long,  3.3  ft.  beam 
and  10  ft.  deep.  The  frame  con- 
sists of  reinforced  concrete  mem- 
bers in  which  deformed  rods  are 
used  as  reinforcement.  The  shell 
is  reinforced  with  wire  mesh.  Con- 
crete is  to  be  waterproof  in  itself 
by  proper  proportioning,  mi.xing 
and  placing.  The  rail,  bulkheads 
and  deckhouse  are  also  of  con- 
crete, the  only  wood  used  being 
that  for  the  fender,  wales  and  gun- 
wales. This  barge  will  have  all 
the  usual  fittings  common  to  float- 
ing structures  of  its  kind  and  is 
intended  for  use  in  the  harbors 
and  inland  waters. 

The  following  summary,  com- 
piled by  the  Portland  Cement  As- 
sociation, to  whom  we  are  indebt- 
ed for  the  matter  in  this  article, 
shows  the  principal  designers  or 
builders  of  concrete  boats,  barges 
and  similar  floating  structures: 


Concrete   Ship    Desianers 
^'ame.  Addre.^s. 


Builders. 


Booker  *•  McKechnie— Davidson  Building 

Halifnx.  N.   S. 
E.   W.    Brown— Care  of  Klhert  Clark  Co 

Enemeers.  Chamber  of  Commerce 

BlQsr..  Rochester.  X.  T. 
P.  Huntington  Clark— 149  Broadwav    Xew 

York. 
Nicolai  Fougner — Moss,  Xorway. 
Jers    Hauland— Porsgrund.    Xorway. 
E.      Lee     Heidenreieh— Dwight     Building 

Kansas  City.  Mo. 
Allen  Hoar— 3231   Liberty  Ave.,   Alameda. 

Cal. 
Herbert  Knight— Care  of  Grant  Smith  & 

Locher,  120  Broadway,  New  York, 


Oscar 


X.    Y. 


F.  Lackey — Care  of  Louis  L 
Brown  Co..  30  Church  St..  Xew 
York.   X.   Y. 

David  Pollock — Care  of  James  Pollock 
Sons  &  Co..  Ltd..  London.  Eng- 
land. 

Carl  'Weber— Care  of  Torcrete  Shipbuild- 
ing Co..  910  South  Michigan  Ave., 
Chicago,    111. 

J.     L.     Weller— St.     Catherines,     Ontario. 

James  K.  Sherman— 2608  Campbell  St.. 
Kan.<!as  City.  Mo. 

John  J.  Smith— Old  South  Bldg.,  Boston, 
Mass. 

Louis  L.  Brown  Co.,  30  Church  St.,  New 
York,  N.  Y. 

-\tlas  Construction  Co..  Ltd. — 37  Belmont 
St.,   Montreal.    Canada. 


Ship    on    Nov.   6,    Eight    Days    Befor 
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Fire  Proof  Building  Construction 
by  Cement  Gun  Process 

One  of  the  latest  developments  in  the  building  field 
is  the  employment  of  the  cement  gun  process  not  only 
for  the  construction  of  the  roofs  and  side  walls  for 
factories  and  warehouses,  but  also  for  encasing  the 
timber  members  of  the  structures.  Several  projects 
of  this  kind  have  been  carried  out  during  the  present 


Fig.     1— Partially     Gun-Creted     Concentrating     Mill     Building. 
Completed  wall  is  shown  at  left  hand  end  of  building.     Nozzle 
operator  applying  coating  is  shown   in  the  circle. 

year  by  the  Cement  Gun  Construction  Co.  of  Chicago. 
One  of  these  undertakings  called  for  the  construction 
of  gun-crete  walls  for  a  building  at  Victor,  Colo.  This 
building  was  put  up  in  the  fall  of  1916  of  mill  frame 
construction.  It  is  used  as  a  concentrating  mill 
building  and  is  filled  with  heavy  machinery.  It  was 
necessary  to  enclose  the  building  at  once  so  that  the 


Fig.   2 — Finished   Concentrating    Mill    Building   at  Victor,   Colo. 

installation  of  machinery  might  proceed;  so  1-in. 
boards  were  nailed  between  the  main  building  posts 
and  girts  close  together  and  a  light  tar  paper  tacked 
all  over  the  outside,  thus  keeping  out  the  weather  to 
a  sufficient  extent  to  permit  placing  of  machinery  in- 
side. 


As  soon  as  weather  permitted  in  the  spring  of  1917, 
the  Cement  Gun  Construction  Co.  removed  the  tar 
paper,  took  out  the  light  1-in.  boards,  which  were  no 
longer  necessary,  stretched  a  wire  mesh  from  timber 
to  timber  and  built  up  a  2-in.  gun-crete  wall  all  over 
the  structure.  The  first  operation  in  the  process  was 
to  place  the  wire.  This  was  thoroughly  stapled  to 
the  frame  work  and  wired  together,  overlapping  both 
sides   and   ends   of  the  sheets,   making  a  thoroughly 


3 — V\/ood    Trusses,    Purlin    a 
Are   Encased 


I    Roof    Slab    of    This    Building 
Gun-crete. 


good  reinforcement  of  sufficient  strength  to  give  the 
desired  strength  to  the  wall  and  to  resist  temperature 
stresses.  Light  wooden  panel  forms  were  then  placed 
against  the  wire  netting  on  the  outside.  In  the  illus- 
tration (Fig.  1)  these  forms  are  shown  in  position  at 


Fig.  A — Interior  View  of  Oil   Refining   Building  Showing  Gun-Crete 
Encasement   of    Roof  Trusses,    Purlins   and    Monitor   Frame. 

the  right-hand  end  of  the  large  side  wall.  One-half 
the  thickness  of  the  gun-crete  coating  was  then  shot 
through  the  wire  against  these  forms  from  the  in- 
side, leaving  the  appearance  of  the  wall,  when  the 
forms  were  removed,  like  that  shown  immediately  to 
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the  right  of  the  men  on  scaffold,  near  the  center  of 
the  picture.  After  removing  the  forms,  the  remainder 
of  the  thickness  of  the  wall  was  shot  from  the  out- 
side. Figure  1  shows  the  nozzle  operator  applying 
this  outside  coating,  while  at  the  left-hand  end  of 
the  building  the  completed  wall  is  shown.  In  this 
way  a  2-in.  gun-crete  wall  thoroughly  reinforced  was 
built  up  half  from  the  outside  and  half  from  the  in- 
side, making  a  thoroughly  homogeneous  wall  of  great 
strength.  A  view  of  the  finished  building  is  shown 
in  Fig.  2.  This  process  of  building  gun-crete  walls  is 
thoroughly  protected  by  patents. 

A  similar  piece  of  work  was  carried  out  at  Tupper 
Lake,  N.  Y.,  for  a  large  wood  working  plant.  One  of 
these  buildings  was  400  ft.  long  by  360  ft.  wide. 

For  oil  refinery  buildings  near  Houston,  Tex.,  gun- 
crete  was  used  both  for  the  walls  and  roof  and  for 
encasing  all  the  wood  frame  work  inside.  In  this 
work  wooden  frames  were  erected  and  the  gun-crete 
walls  and  roof  were  shot  in  place  by  a  method  similar 
to  that  described  above. 

An  interior  view  of  one  of  16  wood  frame  build- 
ings that  were  gun-creted  is  shown  in  Fig.  3.  It 
will  be  noticed  that  the  roof  trusses,  which  were 
made  of  wood,  are  encased  with  gun-crete.  The  pur- 
lins are  encased  and  the  roof  slab  is  a  gun-crete  slab. 
AH  posts  were  also  encased  so  that  there  is  no  ex- 
posed wood  work  anywhere  about  the  building. 

The  timber  frame  work,  consisting  of  columns, 
girts,  trusses,  etc.,  were  first  covered  with  tar  paper. 
The  purpose  of  this  was  to  keep  the  cement  away 
from  the  wood,  as  wood  is  about  the  only  material  to 
which  gun-crete  would  not  adhere.  The  wood  is  ab- 
sorbing moisture  and  separating,  while  the  gun-crete 
is  giving  up  its  moisture  and  contracting,  and  so  when 
gun-crete  is  applied  direct  to  wood,  cracks  are  bound 
to  occur.  For  this  reason,  tar  paper  is  first  applied. 
Outside  of  this  there  was  applied  a  very  light  herring- 
bone lath  and  then  l^A-in  of  gun-crete  was  shot  in  po- 
sition. 

An  inspection  of  this  timber  frame  work  made  re- 
cently, after  the  work  had  been  done  about  six 
months,  showed  no  corner  cracks  whatever.  There 
were  only  a  few  very  fine  hair  cracks,  running  around 
at  right  angles  to  the  timber,  such  as  may  be  expected 
in  all  concrete  work. 

Some  of  the  buildings  at  this  oil  refinery  for  cer- 
tain reasons  had  to  be  built  of  brick  work.  Figure  4 
shows  an  interior  of  one  of  the  structures.  It  will  be 
noticed  that  all  the  timbers  constituting  the  roof 
trusses,  purlins  and  monitor  frame  are  encased  with 
gun-crete. 

Citizens  of  Fukuoka,  Kiushu,  have  undertaken  a 
plan  for  the  establishment  of  a  company  with  $7,228,- 
250  capital  for  the  purpose  of  making  a  railway  tun- 
nel under  the  Mogi  Straits.  The  tunnel  will  start  at 
Shimonoseki  and  end  at  Dairi,  Fukuoka  Prefecture, 
and  it  will  be  connected  with  the  railway  trunk  line 
of  Kiushu.  The  total  length  is  put  at  17,700  ft.,  of 
which  4,000  ft.  will  be  beneath  the  sea. 


The  Public  Buildings  Committee  in  its  first  report 
recommends  that  Congress  appropriate  $58,000,000 
for  land  and  buildings  for  housing  all  the  govern- 
ment's activities  in  Washington.  At  present  the  gov- 
ernment is  paying  about  $1,059,000  a  year  in  rents  for 
private  buildings  in  Washington. 


The  Kansas  Engineering  Society  will  hold  its  11th 
annual  meeting  at  Lawrence,  Kan.,  on  Jan.  15  and  16 


Some  Reflections  on  the  Archi- 
tecture of  Bridges 

Translated  and  Adapted  from  Sejourne's  "Grandes  Voiites," 

by  D.  B.  Steinman,  C.  E.,  Ph.  D. 
Associate  Engineer,  Waddell  &  Son,  Consulting  Engineers, 
New  York. 
Introduction— In  M.  Paul  Sejourne's  recently  pub- 
lished monumental  work  on  Great  Arches  ("Grandes 
Voutes"),  there  abound  sections  and  passages  of  rare 
value  of  content  and  beauty  of  expression  which  are 
in  danger  of  being  lost  to  many  engineers  on  account 
of  the  barrier  of  language  or  of  price.  In  order  to 
bring  some  of  this  material — the  recorded  thought 
and  experience  of  a  master  in  his  specialty — within 
the  more  general  reach  of  American  designers,  the 
writer  has  undertaken  its  translation  and  has  secured 
the  generous  consent  of  M.  Sejourne  to  its  publica- 
tion. 

Accordingly  the  following  translation  of  passages 
from  a  chapter  on  the  artistic  design  of  bridges  is 
presented  to  the  readers  of  Engineering  and  Contract- 
ing and  is  commended  to  their  attention  as  an  un- 
usually striking  and  authoritative  contribution  to  the 
literature  of  bridge  architecture. 

Although  the  remarks  were  intended  to  apply  pri- 
marily to  masonry  and  concrete  arches,  there  will  be 
found"  many  thoughts  expressed  which  'are  equally 
pertinent  in  the  artistic  conception  and  design  of 
other  engineering  works. 

The  Essence  of  Bridge  Architecture.— A  bridge  is 
built  to  carry  trafl[ic;  it  is  fundamentally  a  work  of 
utility,  and  should  therefore  possess  strength  and 
durability.  This  should  be  expressed  in  the  archi- 
tecture. In  appearance,  as  well  as  in  fact,  a  bridge 
should  be  suited  to  its  purpose,  substantial,  clear, 
simple,  well  executed,  without  vain  ornamentation. 

In  the  words  of  Perronet  (1777)  :  "Great  bridges  be- 
ing monuments  which  serve  to  make  known  the  gran- 
deur and  genius  of  a  nation,  we  cannot  pay  too  much 
attention  to  means  for  perfecting  their  architecture; 
this  may  be  varied  in  treatment,  but  there  must  ever 
be  conserved,  in  form  and  in  decoration,  the  indis- 
pensable character  of  solidity." 

Referring  to  the  bridge  de  la  Concorde,  the  same 
authority  wrote  (1782)  :  "Before  building  this  bridge 
in  the  capital,  at  a  site  which  nature  and  art  had  en- 
dowed with  the  finest  scenery  and  the  most  magnifi- 
cent edifice,  we  considered  it  indispensable  to  give 
the  bridge,  a  decorative  character.  We  have  not,  how- 
ever, employed  sculptural  ornamentation  of  any  sort, 
as  we  wished  to  avoid  departing  from  the  quality  of 
simplicity,  sacred  to  monuments  of  this  class,  as  well 
as  to  avoid  weakening  the  virile  character  which  is 
so  essential  in  bridge  architecture." 

Proportions. — The  architectural  value  of  an  arch 
bridge  depends  upon  its  general  form,  its  principal 
lines,  its  proportions,  the  curve  of  its  intrados,  and 
upon  a  happy  ratio  of  span  to  height  and  of  rise  to 
span;  decoration  scarcely  counts  in  this  regard. 

Each  element— arches,  piers,  abutments,  spandrel 
walls,  coping— should  have  its  due  share  of  impor- 
tance; it  should  not  dominate  over  the  other  elements 
and  should  be  well  adjusted  to  the  ensemble. 

All  parts  should  be  light  in  a  bridge  that  is  light; 
and  all  massive  in  a  bridge  that  is  massive. 

Light  arches  should  not  be  weighted  down  with  a 
heavy  spandrel,  slender  piers  with  imposing  belt 
courses,  nor  open  spandrels  with  a  solid  parapet. 

Fitness  to  the  Location.— A  bridge  should  appear 
adapted  not  only  to  the  site,  but  also  to  the  climate. 
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to  other  monuments  in  the  vicinity,  to  the  light,  and  to 
the  local  color  scheme.  It  should  partake  of  the  char- 
acter of  the  ground,  since  it  naturally  springs  from 
the  soil;  and  it  must  not  produce  the  impression  of 
being  imported,  transplanted:  if  in  Toulouse,  it 
should  be  a  Toulousian  bridge. 

Viaducts. — The  beauty  of  a  viaduct  is  found  in  its 
ratio  of  span  to  height,  in  its  ascending  ground  slopes, 
and  in  the  curve  of  its  intrados.  Nothing  should  be 
permitted  to  cut  across  the  piers;  no  pedestals,  no 
belt-courses  at  the  springings,  no  capitals  on  the 
pilasters,  no  steps  at  the  footings,  no  projecting 
courses — no  horizontal  lines  whatever  except  those 
of  the  coping. 

The  Calculations  Should  Not  Dominate  the  Design. 
— After  the  design  is  made,  not  before,  its  safety 
should  be  determined;  science  should  aid  art,  but 
should  not  smother  it.  If  there  is  a  deficiency  of  ma- 
terial at  any  point,  it  should  be  added,  but  without 
offending  the  eye;  in  such  case,  it  is  not  necessary 
to  show  all  the  material  needed  for  structural  secur- 
ity; thus,  we  may  conceal  behind  a  solid  spandrel  wall 
an  arch  which  is  too  thick  at  the  haunches.  If  there 
is  an  excess  of  material  it  may  be  cut  down,  but  only 
as  the  eye  may  permit. 

Imitating  Other  Designs. — In  imitating,  do  not  copy 
the  defects.  When  limited  to  copying,  one  should  at 
least  aim  to  harmonize  what  is  borrowed;  for  e.xample, 
the  elements  of  a  massive  bridge  should  not  be  grafted 
on  to  those  of  a  light  structure. 

There  has  been  too  much  copying  during  the  past 
hundred  years  or  more. 

Importance  of  Esthetics. — In  all  engineering  works, 
even  the  minor  ones,  the  appearance  must  be  consid- 
ered; it  is  not  permissible  to  create  ugliness. 

There  prevails  a  peculiar  notion  that  whatever  is 
fine  is  necessarily  expensive,  and  whatever  is  ugly 
must  be  economical.  There  are  structures  ugly  and 
dear,  beautiful  and  cheap. 

It  is  only  in  the  general  layout  that  economy  can 
be  secured;  after  that,  one  can  only  scrape  and  skimp. 
What  is  saved  is  petty,  and  it  appears  poor  taste  to 
spoil  a  structure  for  such  trifling  saving  in  the  total 
cost. 

Always  Strive  for  Improvement  in  the  Art  of  Bridge 
Design. — Although  the  art  of  bridge  building  has  been 
practiced  for  over  2,000  years,  evei-ything  has  not 
been  done;  there  is  ever  room  for  improvement.  In 
a  great  city,  in  a  capital,  we  have  no  right  to  put  up 
a  large  bridge  that  does  not  mark  progress  in  the  art. 

As  aptly  expressed  in  a  memorial  presented  to  the 
king  by  the  States  of  Languedoc  in  1779:  "It  may 
perhaps  result  in  an  increased  expenditure;'  but  in 
the  art  of  bridge  building  we  must  ever  strive  for  per- 
fection, and  the  ideal  can  be  approached  only  through 
great  examples.  It  may  cost  more  for  the  particular 
bridge  we  are  undertaking,  but  it  will  cost  less  for 
those  that  follow." 

We  now  have  excellent  mortars;  the  problems  of 
difficult  foundations  have  been  solved.  With  all  im- 
proved facilities,  shall  we  turn  out  work  inferior  to 
that  of  the  ancients? 

Engineers  Should  Know  Architecture. — The  savants 
who  founded  the  Ecole  Polytechnique:  Laplace, 
Monge — established  there  a  course  in  architecture. 
At  the  Ecole  des  Fonts  et  Chaussees,  it  is  also  taught 
— and  very  well. 

There  is  no  denying  that  engineers  should  have  a 
good  knowledge  of  the  resistance  of  materials;  but 
the  useful  is  not  all.  Intellectual  training  should  not 
be   restricted  to   the   utilitarian,   and   it   has   been   a 


crime  to-Saerifice  to  the. latter — only  temporarily,  let 
us  hope — the  old  Humanities. 

General  Treatment  of  ArcRes. — The  thickness  of  the 
courses,  the  vigor  of  treatment,  the  massiveness  of 
design,  and  the  apparent  weight  of  the  materials 
should  progressively  diminish  from  the  ground  to- 
ward the  coping. 

The  piers  and  abutments,  being  the  supports  of  the 
structure,  should  be  particularly  massive.  In  order 
to  convince  the  eye  they  are  provided  with  heavy 
courses,  with  mouldings;  they  are  given  a  batter. 

The  Arch  Ring. — In  a  masonry  bridge,  the  arch  ring 
is  everything.  The  heads  of  the  arch  are  accentuated 
by  a  pronounced  projection  from  the  spandrel  walls 
and  by  the  voussoir  treatment.  For  relief  they  are  set 
off  by  archivolt. 

We  exaggerate  the  dimensions  of  the  keystone;  it  is 
made  to  project  above  and  below  the  ring  course;  it 
is  flanked  by  two  counterkeys;  on  it  we  sculpture  a 
cartouche  or  modillion. 

Spandrel  Walls. — The  spandrel  walls,  which  are 
borne  on  the  back  of  the  arch,  should  be  and  should 
appear  light;  they  should  be  built  of  thin  courses  or 
of  brick.;  It  should  be  avoided,  even  in  a  metropoli- 
tan location,  to  make  them  of  stones  of  massive 
heighf."*  We  pass  relieving  arches  through  them.  In 
a  long  bridge,  we  break  them  up  with  the  lines  of 
shadow  cast  by  pilasters. 

Pilasters. — On  a  pier  a  pilaster  serves  to  separate 
and  frame  the  adjoining  arches;  on  a  pier-abutment 
it  is  effective  in  separating  the  large  arch  from  the 
small  approach  arches. 

Laid  on  as  veneer  upon  a  solid  abutment,  a  pilaster 
merely  forms  part  of  the  abutment  and  does  not  serve 
to  separate  anything. 

We  treat  pilasters  with  more  vigor  of  style  thai: 
the  spandrel  walls  which  they  frame,  but  with  less 
vigor  than  the  piers  which  they  surmount. 

The  Coping. — To  properly  view  a  bridge,  it  is  neces- 
^■ary  to  stand  off  at  a  suflicient  distance;  then  one  no 
longer  sees  the  small  mouldings  of  the  copings,  cor- 
nices, bases.  It  is  therefore  important  to  make  the 
mouldings  few  in  number,  but  simple,  clearly  visible 
at  a  distance,  with  strong  projections. 

The  height  and  projection  of  the  cornices  should 
be  adjusted  to  the  bridge. 

Upon  a  heavy  bridge  we  place  solid  spandrelg  and 
a  thick  cornice;  upon  a  light,  open  bridge,  an  open- 
work parapet;  above  the  piers,  which  should  always 
appear  robust,  a  solid  parapet. 

Respect  for  Old  Bridges.^Old  bridges  have  often 
been  spoiled  in  efforts  to  enlarge  them. 

In  the  case  of  the  Tournelle  bridge  at  Paris  and 
of  the  Guillotiere  bridge  at  Lyons,  no  very  great  dam- 
age has  been  done. 

But  it  was  a  mistake  to  touch  the  beautiful  bridge 
of  Entraygues  (over  the  Truyere,  13th  century). 

We  have  met  engineers  who  proposed  to  demolish 
the  beautiful  bridge  of  Toulouse  (1542-1632),  the 
only  bridge  in  the  country  to  survive  the  terrible  flood 
of  1875. 

It  is  wicked  to  destroy  an  achievement,  an  ornament 
of  the  fatherland:  we  thereby  impoverish  ourselves. 

Those  works  which  have  endured  we  should  respect 
above  our  own. 

Let  us  remain  faithful  to  the  past,  upholding  the 
present  and  making  sure  of  the  future;  and  let  us 
guard  from  the  barbarians  our  old  bridges,  our  old 
churches,  our  old  France — Praeteriti  fides,  spes  fu- 
turi. 
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Methods  of  Protecting  Steel  Work 

of  Marshall  Ave.  Bridge,  St. 

Paul,  from  High  Water 

The  recently  completed  Government  dam  and  locks 
built  for  the  improvement  of  the  navigation  of  the 
Mississippi  River  between  St.  Paul  and  Minneapolis, 
caused  the  water  level  to  raise  about  30  ft.  at  the 
dam,  the  raised  water  level  extending  up  to  the  St. 
Anthony  Falls,  Minneapolis,  a  distance  of  about  6 
miles. 

The  river,  for  part  of  this  distance,  forms  the 
boundary  between  the  two  cities,  and  several  bridges, 
highway  as  well  as  railway,  connect  the  two  banks 


Top  View:    East   Pier  at   Low   Water;    Looking    Upstream.      Lower 

View:    Water    Raised    to    Low    Water    Stage;    Looking 

Downstream. 

of  the  river.  All  these  structures,  however,  with  the 
exception  of  the  Marshall  Ave. -Lake  St.  bridge  at  St. 
Paul,  are  deck  truss  bridges,  supported  on  high  ma- 
sonry piers,  and  the  raise  of  the  river  was  of  no  seri- 
ous consequence  except  in  this  particular  case. 

The  Marshall  Ave.  bridge  consists  of  two  three- 
hinged  steel  arch  spans  of  456-ft.  span  each  with  a 
short  steel  trestle  approach  at  either  end.  The  main 
piers,  one  at  the  foot  of  each  bank,  and  one  in  the 
middle  of  the  river,  are  solid  masonry  piers  support- 
ing the  three  arch  ribs  of  the  spans. 

Before  the  dam  was  completed,  the  piers,  as  well 
as  the  steel  shoes  supporting  the  ribs,  were  well  out 
of  the  reach  of  the  highest  water  stage  of  the  river. 
After  the  raise  of  the  water,  the  low  water  stage  will 
be  approximately  level  with  the  tops  of  the  piers,  and 
the  high  water  will  go  about  7  ft.  higher,  leaving  part 
of  the  arches  below  water  level  at  all  times.  It  may 
be  noted  that  the  center  arch  rib,  built  about  10  years 
ago  for  the  purpose  of  reinforcing  and  widening  the 
bridge,  the  shoes  of  same  being  placed  a  little  higher 
than  the  outer  arch  rib,  will  not  be  covered  so  deeply 
as  the  old  part  of  the  structure. 


It  was  found  necessary,  of  course,  to  protect  the 
steel,  not  only  against  corrosion,  but  also  against  ice 
and  timber  drifts.  The  ice  at  this  place  probably  will 
be  from  2  to  3  ft.  in  thickness.  The  method  of  pro- 
tection selected  takes  into  consideration  that  some- 
times during  the  year,  and  more  especially  during 
the  winter  season,  the  low  water  stage  will  exist,  at 
which  time  it  will  be  possible  to  reach  the  portions 
of  the  steel  only  covered  by  the  high  water,  inspect 
it,  and  if  necessary  clean  and  paint  the  corroded 
parts.  The  part  of  the  chords  and  shoes,  however, 
permanently  buried  below  low  water,  had  to  be 
treated  otherwise.  Furthermore,  the  arches  are  three 
hinged  and  the  question  of  allowing  for  a  slight 
movement  at  the  pins  also  entered  into  this  considera- 
tion, making  it  unsatisfactory  to  cover  the  arches 
with  concrete. 

It  was  therefore  decided  to  treat  the  lower  portion 
in  the  following  manner:  First  clean  the  steel  as 
well  as  possible  from  dirt,  rust,  loose  paint,  etc.,  by 
means  of  sand  blast  and  blow  torch,  then  give  the 
steel  a  first  coat  of  Sarco  metal  primer  and  as  a  sec- 
ond coat  use  Sarco  mineral  pipe  coating,  applied  hot. 
This  same  protection  is  to  be  given  to  the  steel  up 
to  an  elevation  of  about  4  ft.  higher  than  expected 
high  water.     A  concrete  slab  will  then  be  placed  on 


Top  View;   Middle  Pier  with   Water  at   Its  Original   Level.     Lower 
View:    Low   Water  Stage   During   Summer   of  1917. 

top  of  the  pier,  the  top  of  the  slab  being  about  6  in. 
above  low  water,  leaving  pockets  as  small  as  prac- 
ticable around  the  arch  ribs  and  connecting  laterals — 
Ihese  pockets  are  to  be  afterwards  filled  with  Sarco 
bituminous  putty,  or  a  putty  of  such  consistency  that 
it  can  be  poured  in  hot  and  that  will  stay  soft  or  pli- 
able at  low  temperatures.  In  order  to  reduce  the 
amount  of  putty,  concrete  will  be  placed  inside  and 
around  the  shoes  and  also  inside  the  arch  rib  itself, 
leaving  a  sufficient  space  for  putty  around  the  pins 
and  for  a  seal  at  the  top  of  the  concrete  slab.  Partly 
for  the  support  of  this  slab,  but  mainly  for  the  pro- 
tection  against   ice   and   drifts,  a   concrete   retaining 
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wall  will  be  built  around  the  pier.  The  top  of  this 
wall  will  be  1  ft.  higher  than  high  water.  The  con- 
crete slab  over  the  pier  will  then,  together  with  the 
upper  portion  of  the  retaining  walls,  form  a  basin 
with  the  lower  parts  of  the  arch  ribs  and  tower  posts 
inside  of  same.  The  top  of  the  floor  slab  will  be  fin- 
ished off  so  as  to  drain  away  from  all  steel  surfaces 
and  given  a  slope  towards  a  valve  outlet  put  in  through 
the  retaining  wall. 

The  intention  is  to  let  the  water  rise  inside  the 
basin  to  the  same  elevation  as  the  river  outside,  de- 
pending on  the  protection  of  the  steel  by  paint.  If, 
however,  this  should  be  found  unsatisfactory,  the  in- 
side of  the  retaining  walls  and  the  top  of  the  slab  may 
be  thoroughly  waterproofed  and  the  gate  valve  kept 
closed,  thereby  exposing  the  steel  only  to  water  that 
may  collect  from  rain  or  snow.  This  waterproofing 
may  be  undertaken  at  any  time  after  the  structure  is 
finished. 

Plans  have  been  prepared  for  the  east  shore  pier 
and  for  the  center  pier,  the  west  shore  pier  being  on 
the  Minneapolis  side.  The  contract  has  been  let  for 
the  work  on  the  east  side    and    construction    started. 


Thru  ojfer  chords  showing 
Elevation  Section  Seal  and  Chord  Pockets 

Detail  of  Drainpipe 

Details  of  Steel   Protection  Work  at  Center  Pier. 

The  work  at  the  center  pier  has  been  temporarily  de- 
layed, awaiting  final  approval  and  action  from  the 
Engineering  Department  of  the  City  of  Minneapolis, 
which  city  will  share  with  the  City  of  St.  Paul  the  cost 
of  protection  of  this  middle  pier. 

The  plans  and  specifications  were  prepared  by  M. 
S.  Grytbak,  Engineer  Bureau  of  Bridges  of  St.  Paul, 
under  the  supervision  of  Mr.  0.  Claussen.  Chief 
Engineer,  and  Jlr.  M.  N.  Goss,  Commissioner  of  Public 
Works. 

Contract  has  been  let  to  Thornton  Bros.  Co.,  St. 
Paul,  for  the  construction  of  the  east  pier  protection 
at  a  cost  of  $9,873. 


To  keep  more  directly  in  touch  with  the  interests  of 
shipping  in  the  waters  of  Maine,  New  Hampshire  and 
Massachusetts,  the  United  States  Coast  and  Geodetic 
Survey,  Department  of  Commerce,  will  establish  a 
sub-office  in  the  custom  house  at  Boston  about  Jan.  1. 
1918.  As  inspector  in  charge  of  this  oflice.  Homer  P. 
Ritter,  a  commissioned  officer  of  the  Survey,  will  be 
prepared  to  furnish  information  relative  to  the  opera- 
tions of  this  branch  of  the  government  service. 


"Elements  of  Structural  Design" 

and  "Design -of  Simple 

Structures"* 

Reviewed  by  J.  A.  L.  WADDELL. 
Consulting    Engineer. 

These  books  are  the  first  two  volumes  of  a  3-vol- 
ume  treatise  of  which  the  titles  are  respectively  "Ele- 
ments of  Structural  Design,"  "Design  of  Simple  Struc- 
tures," and  "Design  of  Advanced  Structures."  The 
last  mentioned  is  still  in  course  of  preparation.  It 
will  deal  mainly  with  movable  bridges,  suspension 
bridges,  cantilevers,  and  arches. 

Professor  Thayer  in  the  Preface  of  Vol.  I,  states 
as  follows:  "The  experience  of  the  author  in  teach- 
ing and  in  practice  has  led  him  to  believe  that  no  avail- 
able book  presents  all  structural  subjects  so  concisely 
that  they  can  be  covered  in  the  time  usually  allotted 
by  technical  schools.  Moreover,  the  fundamental  prin- 
ciples of  shop  practice  and  erection,  which  govern  the 
designer  at  every  step,  are  not  clearly  developed. 
These  faults  the  author  has  attempted  to  correct, 
using  only  orthodox  methods  of  presentation." 

In  covering  so  wide  a  field,  the  author  has  neces- 
sarily touched  many  subjects  rather  briefly.  Through- 
out he,  very  properly,  "presupposes  a  knowledge  of 
mechanics,  stresses,  and  the  mathematics  on  which 
they  depend." 

In  Vol.  I,  Chapter  I  treats  briefly  of  "Materials": 
Chapter  II  discusses  "Commercial  Shapes"  in  both 
wood  and  metal;  Chapter  III  outlines  the  designing 
of  common  types  of  wooden  structures;  Chapter  IV 
is  entitled  "Fabrication  of  Structural  Steel,"  and  deals 
with  the  organization  and  layout  of  fabricating 
works,  machines,  and  tools  with  their  uses,  fabricat- 
tion  processes,  and  erection  methods;  Chapter  V,  cov- 
ering "The  Engineering  Department,"  treats  briefly 
of  specifications,  economic  considerations  in  the  lay- 
cuts  of  structures,  estimating,  designing  of  various 
members,  detailing,  preparation  of  drawings  and  bill 
sheets,  checking,  examinations  of  existing  structures, 
and  failures. 

Vol.  II  takes  up  in  considerable  detail  the  design- 
ing of  the  following  types  of  structures:  Beam  bridges 
and  plate  girders,  both  railway  and  highway,  with 
their  floors;  steel  viaducts  and  elevated  railroads; 
simple  riveted-truss  bridges,  including  a  brief  treat- 
ment of  secondary  stresses;  simple  pin-connected 
bridges;  steel  mill  buildings,  taking  up  not  only  the 
framework,  but  also  outside  coverings,  roofings,  floor- 
ings, windows,  etc.;  high  office  buildings,  discussing 
briefly  general  features,  costs,  foundations,  structural 
frameworks,  floors,  cornices,  protection  of  steel,  etc. ; 
miscellaneous  building  work;  and  standpipes  and  ele- 
vated tanks. 

The  two  volumes,  as  will  be  seen  from  the  forego- 
ing lists,  cover  the  field  of  designing  ordinary  struc- 
tures in  a  somewhat  general  way.  They  go  into  de- 
tail sufficiently  in  most  points  for  students,  although 
hardly  far  enough  for  practicing  engineers.  Design- 
ing and  detailing  are  treated  almost  entirely  from  the 
standpoint  of  the  bridge  shops.  One  might  suppose, 
'.rom  reading  these  books,  that  most  structural  engi- 
neering is  handled  entirely  by  the  shops,  although. 
in  fact,  the  more  important  design  work  is  done  by 
consulting  engineers  and  railway  bridge  engineers. 
As  text  books  these  two  volumes  will  serve  an  ex- 
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cellent  purpose;  and  it  is  probable  that  there  will  be 
a  large  demand  for  them  from  the  technical  schools 
of  the  United  States  and  Canada.  In  preparing  them 
the  author  has  done  a  most  praiseworthy  piece  of 
work  for  the  engineering  profession;  and  it  is  to  be 
hoped  that  his  third  and  final  volume  will  keep  up  the 
high  standard  set  by  its  predecessors. 

Awakening   Recognition  of    the 
Engineer* 

It  would  appear  that  the  awakening  of  the  engineer- 
ing profession  involves,  in  the  first  instance  the  in- 
creased recognition  of  the  profession's  responsibility 
to  the  individual,  and  the  individual's  responsibility 
to  the  profession,  and  in  the  second  place  their  col- 
lective responsibility  to  the  public,  and  in  turn  an 
acknowledgment  from  the  public  of  the  engineer's 
real  place  in  national  affairs,  which  includes  status, 
remuneration  and  opportunity  of  service. 

You  will  find,  generally  speaking,  that  the  recogni- 
tion engineers  have  received  has  been  as  individuals 
rather  than  as  a  profession.  Fifty  years  ago  the  en- 
gineer was  a  skilled  laborer,  and  his  status  was  such. 
During  that  time  he  has  become  a  man,  highly  edu- 
cated, highly  trained,  and  so  successful  in  his  applica- 
tion of  knowledge  to  material  things,  that  his  work 
has  wrought  untold  benefit  to  humanity.  The  great 
achievement  of  the  engineer  in  revolutionizing  the  ma- 
terial welfare  of  mankind  has  fitted  him  to  shoulder 
greater  burdens  and  responsibilities. 

The  gradual  evolution  of  the  status  of  the  engineer 
has  forced  him  to  take  account  of  other  laws  and 
forces  than  those  of  mathematics  and  science,  so  that 
today  he  is  compelled  (almost  without  realizing  it)  to 
consider  economic  and  social  problems,  and  par- 
ticularlv  those  arising  out  of  a  proper  appraisal  of 
equity  between  man  and  man.  The  latter  includes  a 
study  of  the  complex  problems  of  tax  valuations  as 
between  individuals  and  corporations,  advice  as  to 
financing  of  public  works,  and  advice  in  arriving  at 
just  and  equitable  rates  for  service  rendered  by  pub- 
lic utilities.  The  engineer  is  thus  becoming  not  only 
one  who  directs  the  great  sources  of  power  in  nature 
for  the  use  and  convenience  of  man  in  the  most 
economical  manner  possible,  but  he  is  fast  becoming 
an  economist  and  an  arbiter  in  industrial  problems. 

When  a  committee  was  appointed  in  1915  by  the 
President  of  the  United  States  from  the  National  En- 
gineering Societies  to  constitute  a  Naval  Consulting 
Board  and  Committee  of  Industrial  Preparedness,  the 
profession  received  its  highest  recognition.  This,  m 
fact,  is  an  epoch  in  the  relation  of  engineers  to  na- 
tional affairs.  Of  this  action  on  the  part  of  the  Pres- 
ident, Thomas  A.  Edison  said,  "This  marks  almost 
dramatically  the  entrance  of  the  trained  non-partisan, 
doing  his  work  on  the  sole  basis  of  efficiency  and  in- 
tegrity, into  the  affairs  of  the  government."  The  men 
who  are  thus  chosen  have  an  opportunity  of  not  only 
making  a  name  for  themselves,  but  of  adding  much  to 
the  prestige  of  the  profession,  and  there  is  no  doubt 
whatever  that  they  will  do  so. 

The  government  of  the  United  States  appointed  as 
Food  Controller,  Herbert  Hoover,  M.  Am.  Soc.  C.  E. 
Canada  appointed  a  lawyer  for  this  office.  Note  the 
difference.  The  engineer  went  about  his  work  with 
the  idea  foremost  in  his  mind  of  carrying  out  and  se- 
curing the  desired  result  for  which  a  Food  Controller 
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was  needed,  namely,  to  conserve  food  resources,  assure 
reasonable  prices,  eliminate  profiteering  and  assist  the 
Allies  to  secure  supplies.  The  work  of  the  engineer 
Food  Controller  in  the  United  States  has  resulted  in 
the  prices  of  food  products  steadily  decreasing,  while 
in  Canada  during  the  same  period,  they  have  increased 
by  leaps  and  bounds. 

Here  we  have  a  practical,  definite  illustration  of  the 
difference  of  what  is  to  be  expected  from  the  appoint- 
ment of  an  engineer  when  something  definite  was  to 
be  done,  in  contrast  to  a  lawyer.  This  is  possibly  the 
first  time  we  have  had  an  opportunity  of  comparing  the 
methods  of  the  two,  and  we  owe  it  to  ourselves  to 
educate  the  public  to  this  fundamental  difference  of 
attitude  of  mind  and  directness  of  purpose  between 
the  methods  of  the  engineer  and  the  politician.  The 
significance  of  this  example  cannot  be  too  strongly 
emphasized  and  cannot  be  too  firmly  impressed  upon 
the  minds  of  the  citizens  pf  this  country. 

If  the  striking  manner  in  which  engineers  carry  out 
special  work  assigned  to  them  is  not  sufficient  to  give 
the  whole  profession  added  prestige,  then  the  part 
played  by  our  gallant  men  in  connection  with  the  great 
war  should  surely  have  some  effect.  We  have  nearly 
30  per  cent  of  our  entire  membership  actively  par- 
ticipating in  the  war.  They  have  performed  deeds  of 
bravery  and  endurance  that  would  put  to  shame  the 
heroes  of  history  or  mythology.  They  have  made  it 
possible  to  conduct  the  great  campaigns  by  providing 
transportation,  water  and  sanitary  facilities,  while  ex- 
posed, for  the  most  part,  to  the  fire  of  the  enemy,  and 
the  war  will  be  won  largely  by  the  superior  engineer- 
ing skill  of  the  Allies  in  comparison  with  the  Ger- 
mans, whose  whole  history  has  been  one  of  stolen 
ideas. 

To  accomplish  any  near  approach  to  our  possi- 
bilities greater  unity  and  co-operation  will  be  neces- 
sary. These  to  some  extent  might  become  our  watch- 
words. 

Events  in  the  world  of  engineering  activities  show 
clearly  and  unmistakably  that  a  new  era  is  dawning 
for  the  profession.  The  insularity  of  the  engineer  is 
slowly  but  surely  giving  way  to  a  fraternity  of  spirit 
that  has  been  almost  entirely  lacking  in  the  past.  The 
former  idea  of  specializing  in  various  groups  has  been 
transformed  to  a  broader  vision  with  a  tendency  to- 
wards union  of  all  branches  of  the  profession. 

You  have  seen  recently  for  the  first  time  in  the  his- 
tory of  the  profession  a  national  engineering  board  ap- 
pointed by  the  United  States  from  the  parent  engi- 
neering societies,  whose  whole  tendency  seems  to  be 
towards  closer  union  and  greater  co-operation.  To 
some  extent  we  are  in  a  more  advantageous  position 
in  Canada,  as  we  have  now  made  it  possible  to  unite 
all  the  engineering  professions  in  one  great  national 
bodv  instead  of  starting  a  number  of  organizations  as 
was  done  in  the  United  States.  It  will  mean  that  the 
members  of  our  organizations  will  have  to  work  as  a 
unit  and  co-operate  in  the  closest  possible  manner. 
The  situation  affords  a  great  opportunity  to  the  en- 
gineering profession,  an  opportunity  in  which  every 
individual  may  take  an  active  part,  a  chance  to  ad- 
vance the  interests  of  the  profession  in  one  great  body 
of  such  strength  of  sufficiently  high  standard  and  at 
the  same  time  broad  enough  to  make  it  the  goal  of 
every  man  in  this  country  who  aims  or  claims  to  be  a 
member  of  this  high  calling. 

We  have  been  criticized  in  the  past,  not  only  be- 
cause we  were  accused  of  being  narrow  in  our  ob- 
iects,  but  also  it  was  stated  we  were  collectively  with- 
out a  soul  or  heart.    Be  that  as  it  may,  if  the  heart  of 
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the  profession  were  a  composite  heart  of  the  indi- 
viduals therein  it  would  leave  nothing  to  be  desired, 
but  we  must  admit  there  has  been  some  coldness  and 
to  some  extent  indifference,  and  we  should  therefore 
to  the  greatest  possible  extent  cultivate  a  fraternal 
spirit  that  will  develop  a  heart  in  our  organization,  a 
pulsating,  personal  heart  throbbing  with  human  emo- 
lions,  and  cause  that  heart  to  beat  warmly  and  sym- 
pathetically not  only  for  our  own  members,  but  in 
our  relations  with  the  outside  world. 

Two  definite  factors  in  increased  earning  capacity 
are — additional  usefulness  and  added  recognition.  The 
usefulness  must  come  from  within,  and  we  may  take 
it  as  an  established  fact  that  the  engineer  has  already 
proven  his  usefulness  over  and  beyond  his  monetary 
reward.  Recognition  will  come  from  corporate  use- 
fulness and  educating  the  public  to  a  better  apprecia- 
tion of  what  the  engineer  is  really  doing.  One  of  the 
technical  journals  in  discussing  the  question  as  to 
when  engineers  will  be  better  paid,  says,  "The  in- 
evitable conclusion  of  any  careful  study  of  this  ques- 
tion is  that  engineers  will  continue  to  draw  low  sal- 
aries as  long  as  they  will  work  for  them.  Meanwhile 
discussion  of  the  question  is  not  wholly  without  value 
as  men  can  talk  themselves  up  to  the  point  of  making 
even  a  bayonet  charge.  Perhaps  after  some  more  years 
of  discussion  engineers  will  begin  to  ask  themselves: 
■What  are  we  going  to  do  about  it?'  After  some  more 
discussion  somebody  will  suggest  that  engineers  must 
demand  better  pay.  Again,  after  still  further  dis- 
cussion, the  suggestion  will  be  adopted.  Then,  and 
not  until  then,  will  the  engineer  become  a  permanently 
well-paid  professional  man." 

Let  me  ask  you,  what  position  would  the  Govern- 
ment of  Canada  be  in  today  in  carrying  out  the  na- 
tion's work  without  the  services  of  the  men  in  the 
engineering  profession?  The  majority  of  the  depart- 
ments of  the  government  would  be  unable  to  operate 
without  our  help.  Do  the  political  members  of  the 
Government  realize  that  this  is  true?  It  is  certain 
that  they  do  not.  Why?  Because  we  of  the  engineer- 
ing profession  have  in  the  past  taken  no  corporate 
action  to  insure  that  they  should.  Instead  we  have  to 
some  extent  acted  like  dumb  driven  creatures,  accept- 
ing the  crumbs  that  have  fallen  by  the  wayside,  con- 
tent to  sell  superior  qualities  of  mind  and  training  for 
a  mess  of  pottage;  for  despite  your  capacity,  such  in 
general  is  your  reward  in  comparison  with  your  true 
worth.  As  individuals  it  may  not  be  possible  to  force 
the  recognition  needed,  but  as  a  body  we  are  a  mighty 
power  capable  of  securing  any  reward  within  reason 
upon  which  we  set  our  minds  and  hearts.  It  is  not 
only  in  the  government  service  that  engineers  receive 
inadequate  reward,  but  throughout  the  entire  profes- 
sion, and  particularly  those  employed  at  railway  work. 

There  is  one  active  full  member  of  our  Society  who 
is  a  resident  engineer  on  one  of  the  transcontinental 
railways,  and  his  salary  is  $100  a  month.  He  has  a 
wife  and  family.  Whose  fault  is  it  that  such  is  true? 
Yours  and  mine.  How  much  longer  is  the  engineering 
profession  going  to  continue  to  be  underpaid?  Just  as 
long  as  we  permit  it,  and  no  longer.  We  have  it  in 
our  hands  to  bring  about  a  different  state  of  affairs, 
but  action  is  required,  not  words.  We  have  talked  in 
the  past  a  great  deal  about  inadequate  rewards,  and 
we  may  continue  to  talk,  but  nothing  will  be  accom- 
plished until  we  secure  a  higher  standard  of  reward, 
and  we  shall  find  the  accomplishment  so  easy  that  the 
wonder  will  be  why  we  had  not  thought  of  doing  so 
sooner.  We  are  today  exactly  in  the  position  of  the 
man  staying  out  all  night  on  his  own  doorstep  because 


he  thought  he  could  not  get  in,  only  to  find  out  in  the 
morning  that  he  had  the  key  in  his  pocket. 

The  government  and  railway  ^officials  and  the  gen- 
eral public  have  only  a  vague  conception  of  what  they 
owe  to  the  engineering  profession  for  their  material 
welfare,  and  they  will  continue  in  ignorance  until  we 
have  educated  them.  In  the  meantime  it  is  we  who 
are  culpable,  not  they. 

The  newspapers  in  this  country  are  the  great  mould- 
ers of  public  opinion,  and  it  is  to  them  we  must  look, 
to  some  extent  at  least,  for  co-operation  and  assistance. 
For  once  we  have  convinced  the  editors  that  in  doing 
this  they  are  assisting  in  the  public  weal,  the  natural 
patriotism  that  characterizes  the  editorial  body  would 
prompt  them  to  act  and  give  their  hearty  support. 

To  those  of  you  who  have  become  discouraged  over 
the  outlook  of  the  engineering  profession,  let  me  carry 
a  note  of  optimism,  for  the  star  of  the  engineering  pro- 
fession has  risen  above  the  horizon ;  it  is  well  started 
on  its  upward  path  of  glory  and  eminence,  and  just 
as  surely  as  the  past  century  was  an  era  of  material 
development  unprecedented  in  history,  credit  for 
which  is  largely  due  to  the  engineering  profession,  just 
so  surely  will  the  coming  century  see  a  similar  social 
improvement,  whereby  the  social  conditions  of  the 
great  mass  of  mankind  will  be  improved,  and  to  a 
similar  extent  as  were  material  conditions  during  the 
past  century,  and  the  group  of  men  who  wrought  the 
former  change  will  also  be  responsible  for  the  greater 
change  that  is  to  come. 

The  lawyer  and  the  politician  have  admittedly  failed 
to  solve  the  industrial  relations  of  man  to  man  and 
the  relations  between  capital  and  labor.  The  very 
qualifications  of  mind  and  training  that  have  enabled 
the  engineer  to  so  successfully  grasp  and  solve  any 
problem  set  before  him  will  be  called  upon  and  re- 
quired to  solve  and  to  deal  with  what  will  be  after 
the  war,  the  greatest  problem  which  we  have  to  face. 

We  find  already  many  of  the  executives  of  large 
industrial  concerns  being  chosen  from  our  own  pro- 
fession and  more  and  more  will  the  men  who  have 
received  a  thorough  training  in  technical  matters  be 
called  to  the  high  positions  in  industrial  affairs.  This 
will  mean  the  opening  up  of  a  scope  for  the  profes- 
sion, giving  rise  to  a  future  that  will  place  the  tech- 
nical man  in  control  of  the  industrial  life  of  the  nation. 
Coincident  with  that  is  arriving  a  condition  whereby 
the  engineer  must,  besides  drawing  plans  and  specifi- 
cations, give  his  advice  in  connection  with  financing 
of  any  industrial  or  engineering  undertaking,  so  that 
the  time  is  coming,  and  very  soon,  that  the  engineer 
instead  of  receiving  the  reward  that  capital  is  willing 
to  offer,  will  walk  hand  in  hand  with  the  capitalist, 
on  an  equal  footing,  and  will  share  in  the  rewards  that 
the  other  has  heretofore  enjoyed. 

In  view  of  such  enticing  prospects  and  possibilities 
for  the  individual,  what  limit  is  there  to  our  develop- 
ment as  a  profession  by  acting  in  unison?  Here  we 
are,  a  powerful  legion  with  all  the  potential  attributes 
of  mind,  heart  and  soul  to  carry  us  to  undreamed  of 
heights  of  eminence,  and  how  far  we  shall  rise  as  a 
profession  is  only  limited  by  the  minimum  amount  of 
effort  which  each  and  every  one  of  us  is  prepared  to 
give  in  connection  with  his  fellows  to  make  what  is 
reasonably  possible  a  living  reality. 


The  records  of  the  Bridge  Builders'  &  Structural 
Society,  as  collected  by  its  Secretary,  show  that  dur- 
ing the  month  of  November,  1917,  77  per  cent  of  the 
entire  capacity  of,  the  bridge  and  structural  shops  of 
the  country  was  contracted  for. 
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Tests   of   Oxyacetylene    Welded 
Joints  in  Steel  Plates 

A  series  of  tests  of  the  strength  of  oxyacetylene 
welded  joints  in  mild  steel  plates  has  been  made 
recently  in  the  laboratory  of  applied  mechanics  of 
the  University  of  Illinois.  The  results  of  the  tests 
are  set  forth  in  Bulletin  No.  98  of  the  Engineering 
Experiment  Station. 

The  plates  were  furnished  by  the  Oxweld  Acetylene 
Co.  and  the  welding  was  done  by  the  company  at 
its  Chicago  plant.  Tests  were  made  under  three  con- 
ditions: static  load  in  tension  (in  a  testing  machine), 
repeated  load  (bending),  and  impact  in  tension  (in  a 
drop  testing  machine). 

The  plates  in  which  the  test  joints  were  made  were 
of  steel  with  a  carbon  content  of  about  0.16  per  cent. 
The  following  thickness  of  plate  were  used:  No.  10 
gage,  %  in.,  V2  in.  %  in.,  and  1  in.  In  all,  11  plates 
were  furnished,  three  y2-in.  plates,  and  two  each  of 
No.  10  gage,  14-  in.,  %-in.  and  1  in. 

The  approximate  speeds  of  welding  for  the  various 
thicknesses  of  plate  were  as  follows:  No.  10  gage, 
0.51  in.  per  minute;  i4-in-  plate,  0.29  in.  per  minute; 
"2-in.  plate,  0.22  in.  per  minute;  %-in.  plate,  0.13  in. 
per  minute;  1-in.  plate,  0.11  in.  per  minute. 

The  tension  tests  for  static  sti-ength  were  made  in 
a  100,000  lb.  Riehle  testing  machine  fitted  with  an 
autographic  apparatus  for  drawing  load  stretch  dia- 
grams. The  repeated  stress  tests  were  made  in  an 
Upton-Lewis  endurance  testing  machine.  A  Hatt- 
Turner  drop  testing  machine  was  used  for  the  im- 
pact tests.  Nearly  all  tests  were  run  in  triplicate. 
There  were  104  tension  test  specimens,  100  repeated 
stress  specimens  and  58  impact  specimens  tested. 


ment  is  not  greater  than  75  per  cent.*  The  joints 
were  strengthened  by  working  the  metal  after  weld- 
ing and  were  weakened  by  annealing  at  800°  C. 

The  results  of  the  repeated  stress  tests  give  an  in- 
dex of  the  endurance  qualities  of  the  joints,  and  they 
follow  in  a  general  way  the  results  of  the  static  tests. 

For  repeated  stress  tests  the  joint  efficiency  seems 
to  be  about  100  per  cent  for  plates  ^2  in.  or  less  in 
thickness,  while  the  efficiency  of  the  material  in  the 
joint  is  somewhat  less.  Hammering  or  drawing  the 
weld  while  hot  increases  the  strength,  and  annealing 
from  800    C.  lowers  it. 

For  static  tests  and  for  repeated  stress  tests,  the 
joint  efficiency  sometimes  reaches  100  per  cent;  the 
efficiency  of  the  material  in  the  joint  is  always  less. 
This  indicates  the  necessity  of  building  up  the  weld 
to  a  thickness  greater  than  that  of  the  plate. 

The  impact  tests  show  that  oxyacetylene  welded 
joints  are  decidedly  weaker  under  shock  than  is  the 
original  material;  for  joints  welded  with  no  subse- 
quent treatment,  the  strength  under  impact  seems  to 
be  about  half  that  of  the  material. 

If  the  welded  joint  is  worked  while  hot  the  impact- 
resisting  qualities  are  slightly  improved,  though  this 
does  not  make  the  joint  equal  to  the  original  material 
in  impact-resisting  qualities.  Annealing  from  800°  C. 
.'^eems  to  have  very  little  effect  on  the  impact-resist- 
ing qualities. 

In  general,  the  test  results  tend  to  increase  confi- 
dence in  the  static  strength  and  in  the  strength  under 
repeated  stress  of  carefully  made  oxyacetylene  welded 
joints  in  mild  steel  plates. 


Personals 


F.  E.  Kurzenknabe  has  been  appointed  engineer  and  manager 
ot  the  Fayette  County  Road  Department  at  a  salary  of  $3,000  per 
year.  Mr.  Kurzenknabe  came  to  Lexington.  Ky..  the  county  seat 
of  Fayette,  some  4  or  5  years  ago  in  the  interest  of  the  Louisville 
Thp  nrimp  nhiect  of  the  tests  WaS  to  furnish  a  com-  &  Xashville  Ry.  Co.  as  engineer  and  supervisor  ot  its  Lexington 
ine  prime  OOjeci  Ol   toe  Le&ts   wd»   lu  lun  i.-ii^  >.  ^.^^^^   ^^^    ^^^   building  of   the   Jefferson    street   and   West   Main 

parison  of  the  strength  of  oxyacetylene  welds  m  mild      street  viaducts 


steel  plates  with  the  strength  of  the  original  plate. 
This  ratio  of  strength  will  be  called  the  efficiency  of 
a  joint.  The  efficiency  of  a  joint  may  be  computed 
by  either  of  two  methods:  The  strength  of  a  test 
piece  containing  a  welded  joint  is  compared  with  the 
strength  of  a  test  piece  of  equal  width  cut  from  the 
original  plate,  with  no  allowance  made  for  the  addi- 
tional thickness  of  the  welded  test  piece  due  to  the 
addition  of  filler  material;  or  the  intensity  of  stress 
at  yield  point  or  rupture  for  joints  and  for  plate  ma- 
terial may  be  computed  from  the  load  and  the  dimen- 
sions of  the  cross  section.  The  efficiency  given  by 
the  first  method  will  be  called  the  joint  efficiency  and 
the  efficiency  given  by  the  second  method  will  be 
called  the  efficiency  of  the  material  in  the  joint.  In 
general,  joint  efficiency  is  of  more  direct  practical 
interest  than  is  the  efficiency  of  the  material  in  the 
joint. 

The  test  results  are  summarized  as  follows  in  the 
bulletin : 

These  tests  were  made  on  joints  welded  by  skilled 
workmen  in  a  shop  especially  fitted  for  oxyacetylene 
welding.  They  should  not  be  considered  as  indicative 
of  the  strength  of  welds  made  in  repair  shops,  or  of 
welds  made  by  workmen  without  special  training  in 
the  use  of  the  oxaycetylene  torch. 

For  joints  made  with  no  subsequent  treatment  after 
welding,  the  joint  efficiency  for  static  tension  was 
found  to  be  about  100  per  cent  for  plates  i-  in.  thick- 
ness or  less,  and  to  decrease  for  thicker  plates. 

For  static  tension  tests  the  efficiency  of  the  mate- 
rial in  the  joints  welded  with  no  subsequent  treat- 
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Commissions  in  the  Engineers'  Reser%'e  Corps  as  follows  were 
announced  last  week  by  the  \Var  Department:  -Major.  Engineers 
— C.  D.  Barrett,  Fort  Wayne,  Ind.  Captain.  Engineers— F.  T. 
Bowles,  Kankakee,  111.;  H.  A.  Terry,  .St.  Paul,  Jlinn.:  M.  V.  Terry, 
Flint.  Mich.:  G.  E.  Sutton,  Brown  Valley.  Minn.:  H.  A.  Feldes, 
Gibson,  Ind.;  H.  P.  Wilson.  Detroit,  Mich.:  B.  W.  Bodell,  Monroe. 
Mich.;  L.  A.  Barton,  Deerwood,  Minn.;  E.  D.  Behren.  Muskegon, 
Mich.;  F.  N.  Johnson,  Superior,  Wis.;  L.  Fitz  Gerald.  Gary,  Ind.; 
J.  E.  Finlev,  Minneapolis,  Minn.;  H.  K.  Davis.  Knoxville,  Iowa; 
F  H.  Loud,  St.  Ignace,  Mich.;  S.  W.  Farnham.  Minneapolis, 
Jlinn.;  F.  G.  Mallette,  Leon,  Iowa:  C.  A.  Cool,  Waverly,  Iowa; 
F.  K.  Mcintosh,  Brownville.  Ind.;  W.  M.  Johnson,  Detroit,  Mich.: 
J.  C.  Alderdvce,  Detroit,  Jlich.;  H.  W.  Barker.  Detroit,  Mich.;  A. 
.T  Rough,  Virginia,  Minn.;  D.  M.  Forfar,  Minneapolis,  Minn.;  E. 
J.  Francis.  East  St.  Louis,  111.:  W.  C.  Giffels.  St.  Johns,  Mich.; 
M.  R.  Ethell.  Bloomington,  111.:  B.  M.  Gallagher,  St.  Peter,  Minn.; 
(■  B.  Holmes.  Edwardsport.  Ind.;  C.  F.  Hlnchman,  Detroit,  Mich.: 
F.  G,  Hoffman,  Jlount  Carmel,  111.:  D.  Heaton,  Fowler,  Ind.;  B.  P. 
i;rav,  Ann  Arbor.  Jlich.;  J.  G.  Oswalt,  Danville,  111.:  H.  Man- 
derlv,  La  Crosse,  Wis.;  F.  W.  Decker,  Laporte,  Ind.;  B.  C.  Bren- 
nan,  Kenosha,  Wis.;  E.  F.  Bridges.  Oskaloosa,  Iowa;  F.  W.  How- 
ard, Oscoda,  Mich.;  C.  M.  Goodrich,  Detroit,  Mich.;  E.  M.  Gra- 
ham, Rensselaer,  Ind.;  L.  L.  Linton.  Saginaw,  Mich.;  M.  A. 
Guerin.  Detroit,  Mich.;  D.  C.  Fensternaker,  Sioux  City,  Iowa;  J. 
J.  Mui-phv,  Detroit.  Mich.:  H.  Swenholt,  Madison,  Wis.:  O.  L. 
Meigs.  St".  Paul,  Minn.;  A.  L.  Schuffert,  Wyandotte,  Mich.:  F. 
C.  Young,  Iowa  Citv.  Iowa;  A.  L.  Trout.  Detroit,  Mich.;  S. 
Thaver.  Sioux  City,  Iowa;  W.  S.  Richmond,  Detroit,  Mich.;  C.  T. 
Watson.  Cro.sby,  Minn.;  P.  F.  Lyons.  Freeport,  III.  First  Lieu- 
tenant. Engineers— A.  F.  Victor.  Ironton,  Minn. ;  S.  H^  Xlichaels. 
Oak  Park,  111.;  H.  L.  Peterson.  Granite  P^alls.  Minn.;  F.  T.  Paiil, 
Jlinneapolis,  Minn.;  W.  S.  JIussenden.  Indiana  Harbor,  Ind.;  L. 
H.  Merrill,  Hutchinson.  Mich.;  C.  F.  Merten,  Garner,  Iowa ;  _W  .  H. 
.Mever.  Milwaukee,  Wis.;  C.  Prout,  Springfield,  111.;  H.  E.  Schmidt, 
Hibbing.  :Minn.;  J.  Stone,  ,Ir.,  Minneapolis,  Minn.;  R  F  Wheel- 
nck.  Battle  Creek,  Mich.:  B.  T.  T^Tiero',  Jamestown,  N.  D. :  J.  F. 
Reynolds.  Storm  Lake.  Iowa;  W.  C.  Wyman,  Ottumwa,  Iowa; 
H."W.  Sargent,  Fort  Dodge,  Iowa;  R.  G.  Flaugher,  Cayuga  Ind. 
Second  Lieutenant,  Engineers— G.  E.  Gray,  Des  Moines.  Iowa; 
R  T  Edwards.  Ames,  Iowa:  O.  F.  Ernstcr,  Brainerd,  Minn  :  ^\  . 
H.  Cumen.  Shrewsbury.  Wis.;  W.  C.  Cooper,  Des  Moines.  Iowa; 
W.  T.  Haight,  North  Vernon,  Ind.;  D.  J.  Donovan.  Eveleth,  Minn.. 
L  S  Gates.  Dubuque,  Iowa;  J.  B.  Esta brook,  Minneapolis,  Minn.; 
W  G.  Knickerbocker,  Detroit,  Mich.;  R.  A.  Phelps  Madison, 
Wis  ;  P.  D.  Miesenhalder,  Lafayette,  Ind.;  H.  D.  Mason  Iron 
River,  Mich.;  G.  W.  Stoddard,  Milwaukee,  ^is. ;  H.  E.  Srnith, 
Berwyn,  111.;  P.  W.  Wilder.  Calumet,  Mich.;  R.  H.  Van  Cleve, 
Hiibing,  Minn. 

•Bulletin  4,=;  of  the  Engineering  Experiment  Station  of  the  Uni- 
versity of  Illinois,  bv  H.  L.  Whittemore,  sho%ved  efficiencies  of 
material  in  the  Joints  of  75-85  per  cent  after  the  operator  had 
ne   proficient. 
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